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Granite    Block   Paving    for    Street    Car 

Tracks     (8)       S 

Gravel   Plant,   Washing  and    Screening 

(103)   447 

Gravel     Road     Construction,     Colorado 

(40)   125 

Gravel  Roads,  Heavy  Traffic,  Contin- 
uous    Dragging (74)  31S 

Gravel    Roads,    Iowa    Methods (69)   24i 

Gravel    Screens.    Comparative    Analysis 

of     (14)     62 

Gravel    Tar    Treatment    of (45)  157 

Greenock  Yards,  Steel  Ship  Construc- 
tion      (32)    426 

Grillage    Beams,      Bending      Moments 

(113)   585 

Grouting    Pressure    Contraction    Joints 

of    Arch    Dams (12)     36 

Grout    Pavement    Sand (3)       3 

Guide    Posts.    Concrete    Wayne    County 

(104)   448 

Gunite.      Compressive      Strength        and 

Modulus    of    Electricity (119)  591 

H 

Hand  and  Machine  Tamping.  Ties.  (73)  359 
Handbook,    Mechanical    and    Electrical 

Cost    Data (71)337 

Harbor      Work.      Reinforced      Concrete 

Piles     in (97)    483 

Hauling.    Cost    of    Teams (120)   524 

Hauling,  Tractive  Resistance  On.. (16)  16 
Halifax      Ocean      Terminals      Railway. 

Drilling   and    Blasting    for (94)  4S0 

Halifa.x,    Quay    Wall (103)   489 

Head,    Loss    in    Service    Pipes (56)  258 

Heat     Transmission (7)     79 

Heat    Values    of    Wood (28)186 

Hell    Gate    Arch    Bridges,    Rivets    and 

Riveting      (108)   194 

Hetch    Hetchy    Water    Supply    Status 

(126)   556 

High    Pressure    Mains,    Leakage    from 

(54)   256 

Highway  Bridge  Design,  Standardiza- 
tion   of    Detail (107)   513 

Highway      Construction,      Employment 

of     Women (79)   323 

Highway  Construction,  Unwise  Cur- 
tailment     (92)   436 

Highway    Contract,    New    Form.... (29)    187 
Highway    Contract.    Outagamie    Coun- 
ty.    Wis (38)   150 

Highway    Contracts.     Profit (38)150 

Highway    Contracts.    Virginia (53)231 

Highway    County,    Cost    Keeping. ..  (33)   145 

Highway    Cost    Keeping (109)   453. 

Highway     Curves.     Superelevation.  (58)   236 

Highway    Design    Notes 

(4)    4,    (59)    237.    (S3)   327 

Highway  Design.  Preliminary  Inves- 
tigation       (59)   237 

Highway,    Snow    Removal (93)   437 

Highway    Transport    Committee,    Snow 

Removal     Program ( 133  )   537 

Highway,   Transport   Committee.   Work 

Developing    Use    of    Road (61)   239 

Highway.    After    the    War (128)   532 

Highways,    Increased    Tonnage    Moved 

Over     (77)  321 

Highways.    Motor    Truck    Parcel    Post 

Service     (23)     23 

Highway    Numbering,      Clock      System 

(36)   148 

Highways,  Relation  to  Motor  Trans- 
port    Efficiency (119)   523 

Highways,   Trunk  Line,   Snow  Removal 

(116)   520 

Hogs.    Feeding  Garbage   to (120)  550 

Hospital.     Spanish     Influenza (103)389 

Hot  Water  Outfit  for  Thawing. ..  (28)  164 
Hot    Water    Supply    Pipe.    Eliminating 

Corrosion      (51)   297 

Houses.    Pre-Cast    Concrete (34)214 

Housing.    Industrial    Dundee (24)   120 

Housing     Project,     English (119)691 

Howden     Dams (2)   396 

Hydrants,     Thawing (33)   169 

Hydrants.    Thawing     Portable      Steam 

Outfit      (14)     38 

Hydrated  Lime  in  Concrete  Road  Con- 
struction      (85)    329 

Hydraulic   Fill  Construction   Steam   Jet 

Outfits     for (45)   181 

Hydraulic  Stripping.  Quarrying. ..  (112)  564 
Hydro-Electric      Developments.        Lake 

Coleridge,   New  Zealand (16)   112 

Hydro-Electric  Developments.  Legisla- 
tion      (47)  249 

Hydro-Electric      Plants,      Methods      of 

Handling    Frazil    Ice (85)   351 

Hydro  Electric  Project,  Lake  Mar- 
garet      (30)   126 

Hydrogen  Sulphide  Water,  Improve- 
ment    by    Aeration (101)   467 

I 

Ice.    Frazil.    Handling (85)351 

Ice  Gorge.  Method  of  Blasting.  ..  .(59)  283 
Ice.  Removing  From  Car  Tracks...  (5)  5 
Igniting     Fuse,     Improved     Method     of 

(21)     69 

Imhoft  Tanks,  Rules  for  Operation;(6)  30 
Industrial     Developments.        Individual 

Initiative     in (Ill)  563 

Industrial    Houses,    Pre-Cast    Concrete 

(34)  214 

Industrial   Housing,    Dundee    (24)  120 


Industrial    Housing    Standards (128)600 

Industrial    Readjustment    of    American 

Industries     (114)   568 

Industrial     Research,     British (29)  423 

Industrial    Research    (17)     89 

Industrial  Survey,  for  Small  Muni- 
cipalities      (64)   242 

Industrial   Trucks,    Tractive   Resistance 

of     (27)   139 

Industries     After    War (7)   401 

Industries.     Standardized (49)   273 

Influenza  Cases  and  Effect  of  Mask- 
ing.    San    Francisco (112)  542 

Influenza  Disseminated  by  Street  Dust 

(91)   435 

Influenza  Masks,  Fallacious  Arguments 

Against     (90)   476 

Influenza.    Prevention    of (Ill)    583 

Influenza    Masks,    San    Francisco. .  (112)   542 

Inlet,     Storm    Sewer (21)     21 

Institution  of  Civil  Engineers,  Life  and 

Work     (23)   417 

Instructions  for  Sewage  Plants  Opera- 
tion     (US)  547 

Integral    Curb,    Form    for (41)   153 

Intensity     of     Rainfall (74)340 

Intercepting  Sewers,  Regulating  Cham- 
bers    for (122)   552 

International  Joint  Comm.  on  Pollution 
of    Boundary    Waters.      Findings 

of     (93)  459 

Invention,  British.  French  and  Ameri- 
can      (1)     @- 

Inventions    for    War    Purposes (2)  161 

Iron,    Cleaning   with    Sand    Blast.. (113)   oS5 
Iron    Ore    Mines.    Overburden    Stripping 

(S)   402 

Iron   Ore   Mining   with   Electric   Shovel 

(100)   486 

Iron    Painting    (34)   130 

Iron    and .  Steel,    Causes    of    Corrosion 

(127)   595 

Iron  and  Steel,  New  Method  of  Test- 
ing      (89)   495 

Iron    Work,    Corrosion,    Prevention.  (40)   434 
Irrigating.      Vegetables      with      Sewage 

(68)   270 

Iirigation,    Border    Method    of (34)   170 

Irrigation     Canals,       Control     of    Algae 

(128)   559 

Irrigation,    Canal     Measurements   with 

Gage   and  Box (113)  543 

Irrigation,       Methods       of       Measuring 

Water    Deliveries (97)   463 

Irrigation.      Mississippi      Valley      Land 

(2)     26 

Irrigation    Project    Lindsay-Strathmore 

(17)     41 

Irrigation    Pumping,      Arkansas    River 

Valley     (5)     29 

Trrigation     Pumping.     Cost (104)   470 

Irrigation   Pumping   Plan (92)   458 

Irrigation,     Sewage.     Principles    of.  (12)   406 
Irrigation    AVater    Deliveries,     Measur- 
ing      (97)   463 

Irrigation,    West     Side    District     Calif. 

142)   178 

J 

Job    Getting.      Government    vs.      Labor 

Union     Regulation     of (71)315 

Joint    Installer.    Expansion (133)  537 

Joints.     Pipe    (Connections (50)   252 

Joints,    Sewer    Pipe    Methods (44)   ISO 

K 

Kansas.    Irrigation    Pumping (5)     29 

Kettle  Rapids  Bridge,  Erection  Steel- 
work      (100)   386 

Kettle  Rapids  Bridge,  Expansion  Bear- 
ings   for    (104)   390 

King    County.    Washing   and    Screening 

Plan     (103)   447 

Krom.    Definition    of    Engineer (91)   457 

L 

Laboratory       for     Industrial    Research. 

British    (29)   423 

Labor,  Materials  New  York  Road  Work 

(46)   158 

Labor  Saving  Appliances.  Rail  Renew- 
ing      (77)   363 

Labor      Saving    Machinery      in    Water 

Works     Service (4)     28 

Labor    Union    and    Draftsmen (49)    227 

Labor    Union.      Opposition    of    Women 

Workers      (69)   335 

Labor    Women.     Factories (35)  429 

Labor,     Women     Heavy     Construction 

(36)   430 

Labor,    Women    in    Munition    Factories 

(38)   432 

Ladder   Dredgers,   Economies   of.... (5)  101 

Ladders.   Government  Lock,   Troy.  (105)   491 

Lake  Coleridge.  New  Zealand.  Hydro- 
Electric     Developments (16)  112 

Lake    Margaret.    Hvdro-Electric    Proi- 

ect      (30)   126 

Land    Clearing,      Stump    Pulling    Tool 

(115)  567 

Land  Reclamation,  Providing  Work  for 

Soldiers     (118)   522 

I.,and    Reclamation,    Puinping    Stations 

in      (13)   407 

Land  Reclamation  Survey.  $100,000  Ap- 
propriated For  (48)  250 

Langwies,  Reinforced  Concrete 

Viaduct     (3)     99 


Larderello,  Italy,  Natural  Steain  Power 

■• (28)  422 

Laws.    License    to    Engineers (118)   570 

Laws.    Public   Utilities,    Revisions. .  (48)   272 

Laws.    Public    Utility,    Revision (72)   358 

Lead  Pipe  Connection  for  Water  Serv- 
ices      (50)   252 

Leaks,    Water   Services (50)  252 

Leakage    from     High     Pressure   Mains 

(54)   256 

Leakage  from  New  Water  Mains.  (117)  547 
Leakage  from  Water  Mains  Determined 

with    Dionic    Tester (16)     40 

Lecture  Method  of  Teaching (72)  316 

Lecture   Method   of  Teaching (82)   326 

Levee    Construction    for    Drainage   Dis- 
tricts      (SB)   352 

Levee   Construction.    North   Texas.  (17)     65 
Levee  Construction.  Power  Driven  Ma- 
chinery      (7)     55 

Levee   Settlement,   Cause (35)  193 

Libraries,  Public  Use  of (2)       2 

Life,    Economic    Office    Building. ...  (37)   217 
Lime.  Correcting  Acidity  in  Sludge. (96)    462 

Lime    Mortars.    Setting    Process (13)   407 

Limestone      Quarrying,      Methods      and 

/  Machines     (92)  47S 

Lindsay-Strathmore    Irrigation    Project 

(17)     41 

Line    Hooks,    Government    Lock,    Troy 

(105)   491 

Liquid   War   Paint (lOS)   514 

Load  Factor,   Street  Car  Service. ..  (4S)  272 
Loader.    Self-Feeding  Bucket   for   Han- 
dling   Crushed    Rock (128)   532 

Location    Methods    for    Water     Works 

Distribution   System    (35)    171 

Lock    Wall    Construction      with     Small 

Derricks (40)   198 

Locomotive.  Gas   Driven,   for  Industrial 

Purposes    (S4)   370 

Logan  Waller  Page (125)  577 

Logging   Railroad.   Grading   for (10)     58 

London   Water   Supply.    Algae   Growths 

and  Chlorine  Treatment (20)   414 

London.    Sewage    Disposal (35)   429 

Lubricant    to   Wire    Rope (61)   285 

Lumber.       Salvaging     with     Resawlng 

Plant (11)     S3 

Lumber,   Structural  Merits  of (47)   293 

Luting  Method  of  Obtaining  Pavement 

Contour (62)  240 
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Macadam,  Bituminous  Surfaces  on.  (37)  149 
Macadam.  Excessive  Crown  on....  (32)  144 
Macadam.  Cost  of,  Hamilton,  Ont..(65)   243 

Macadam,   Internal  Wear (3)       3 

Macadam,    Repairing    Roads (108)   452 

Macadam,  Resurfacing  with  Loam  Fill- 
er  Gravel    (82)  326 

Macadam,     Rolling,     Cost (70)   248 

Macadam,   Shaping  Up,   Cost  of (70)    248 

Macadam   Streets,    Oiling (17)     17 

Macadam.   Tar  Treatment (45)  157 

Madras   Harbor.   Quay (40)   434 

Mains.     High    Pressure.    Leakage.  .  (54)  256 

Make  Your  Knowledge  Militant (69)  355 

Malarial    Control    Campaign (78)   344 

Malaria,     Prevention     Work     at     Camp 

Bowie,    Tex (58)  260 

Malaria  Prevention  by  St.  Louis  South- 
western   Ry (44)   202 

Management.    Engineering    Field,    Op- 
portunities     (94)   500 

Manganese  and  Open  Hearth  Rail,  Life 

on     Curves     (93)   479 

Map,    Bridge    and    Drainage (41)   221 

Marine  Structures,  Precautions  for  Us- 
ing Rein.  Con (106)   492 

Marine     Works,     Reinforced     Concrete 

in    (97)   4S3 

Marking     Government      Corners      with 

Charcoal    (113)   565 

Ma.sks.  Influenza  (Fallacious  Arguments 

Against)    (90)   476 

Masonry.  Brick,  Breaking  Up (106)   512 

Masonr.y,  Old  Stone,  Repairing. .  (104)  390 
Masonry  Viaduct  89  Years  Old...  (102)  3SS 
Massachusetts  "Cost  Plus  Profit"  Road 

Contract    (14)     14 

Mast  Turning  Lathe (98)   3S4 

Materials,   New  York  Road  Work..  (46)   158 

Measure  of  a  Good  Road (94)   438 

Measuring    Chambers    for    Intercepting 

Sewers  , (122)  552 

Measuring.  Irrigation  Water  Deliveries 

(97)   463 

Mechanical    and    Electrical    Cost   Data. 

Handbook   (71)   337 

Mechanical    Lift    Bridges,     Mechanical 

Features    (95)  501 

Medical   Profession.   Drafting (26)   162 

Medlow  Dam.  New  .South  Wales..  (17)  113 
Menai  Suspension  Bridge.  Tests  on  Tie 

Bars    (39)   433 

Merchant    Ships,    Joint    Ownership    of 

(90)   376 

Mesabi     Range,     Stripping     Equipment 

(18)     66 

Metal-Cutting   Manufacture    in    L^se   of 

Oxygen     (23)   129 

Metalium    for    Pipe    Joints (82)   348 

Meter  Installation.  Cost  at  Chicago.  (51)   253 

Meter    Readers,    Post    Cards (68)   270 

Meter  Repairs.  Cost  of  Chicago. ..  .(57)  259 
Metering,    Arguments    for (59)  261 
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Meterine,   CompulBOry   for  F^iel  Savins 

(8!»)  455 

.Meters.   Cost  of   InHtulllii); <!«)     3i 

Meters.  Water.  I'hIeiiKO.  L'lty  KtiKliieer's 

Reeommenilatlons  (1091  5S'J 

MlcroipliotoKTapliM.     tirowths    In     Water 

(i:t  406 

Miles  .\rlil  rrore»».   MeoxyBenatlnB  Ef- 

feit  of  the   KHluellt (3U>    lfi« 

Milk,     I'islrlbiited     by     i'ubllu     Service 

Coriipanles     (SO)  4»« 

.Mill    HuilUliiKH.     Wood (4.".)  225 

.Miller  S>slem  of  Ship   FrnniInK (3S)    432 

.Mines    and    C'ounterndnes     on      Kienih 

h>unt     1N6I    372 

MlidnK  <;old.   SubsldlzhiK i26i   20« 

MInInt;,    I'nderKround.     KlectrU-    Shovel 

I  100 1    4S6 

.Minneapolis,    Water    Purltlcatlon    I'lant 

(Sll    347 

.Mississippi     Vallev     l.jind     l>ralnaKe.(  2)     2i: 

.\Ux.-r.  Cinent   Hac  Holder  for (131)  535 

Modulus    IClasIl.ilv.    CiiMite (IISI  5»1 

Moiiolllhi.     Hrlck   rav.-inent.   Cost..(BSi   246 
.\lortars.       rroportlonuiK       by       Surface 

.\reas   of    .XKcresatos (59(  305 

Mostiulto   Control.    Methods   of (5S|  2«0 

.Mosquitoes,      .Methods     of     Eradicating 

(78)   344 

Motor     .\pparatU8    at    Street    Cleaning 

(100)    445 

Motor  Cars  In  Tnltcd  States (18)     18 

Motor    Convoy    Routes,    Snow    Removal 

(104)   448 

Motor  Sweeping,   Costs (36)   132 

.Motor  Trafflc.  Pavement  Layouts  Inad- 

eiiuate    (114)   518 

Motor    Transport    Efficiency    of    HlKh- 

ways     ( 11»;  523 

Motor   Truik    Operation,    Cost    Keeping 

System     (42)    154 

Motor  Truck  Routes.  (3overnment .  (123)  527 
.Motor  Truck  Competition.  Railway  (Di)- 

eratlon    (70)   356 

Motor    Truck.    Parcel    Post    Service    on 

Highways   (23)     23 

Motor  Trucking   and   Farm    Production 

(92)   436 

.Motor   Ash   Trucks.   Working   Costs.  (7)   103 

Motor    Trucks.     Operating    Cost 

...(II)  407.  (14)  lin.  (4S)  160.  (6S)  270 
.Motor  Trucks.  Garbage  Collection. (68)  270 
.Multiple     .\rch.      Reinforced      Concrete 

Dam (29)   165 

Multiplex  Telephony   (110)  5S2 

Municipal  Engineering,  Applied  Geolo- 
gy    in     (36)   132 

Municipal  Engineers,  Salaries  of  Chi- 
cago   (51)  229 

Municipal  Improvements,  Policies  For- 
mulated   by    Engineers (3)     27 

.Municipal    Printed   Matter.   Waste.. (27)   139 
Municipal     Salvage    of    Refuse.    Possi- 
bilities     (10)   404 

Munition      Factories.      Employment     of 

Women   In    (39)   135 

Murrumbidgee    Irrigation    Project.    236 

ft.    Dam     (10)   106 

Mvstic  Illver  tiridge.  Pier  Construction 

of    (102)   .508 

N 

National  Association  of  General  Con- 
tractors    (43)  201 

National  .Association  of  General  Con- 
tractors. Constitution  for (102)  388 

National  Laboratory  for  Industrial  Re- 
search      (29)   423 

National    Wants.    Effect   of  War  on.(l)  395 

Natural  Steam  Power  Plant 1 28)   422 

Navy    Yards.    Cost    of    Warehouses    at 

(44)   224 

New  Building  Work.   State  Councils  of 

Defence     (61 )   307 

New  England  Water  Works  Associa- 
tion. Report  on  Thawing  Water 
Mains    (121)  551 

New  York,  State  Highway  Construction 

in    1917 (127)  531 

New   Zealand,    Drainage   Operations    in 

(21)   127 

Niagara      Power       Canal,      Excavation 

Methods     (120)  572 

Nidus.     Clinker    vs.     Gravel (5)   105 


Office  nuildings.   Depreciation   of..  (116)  588 

Office    Huildings.    Design    of (40)   220 

Office  Buildings.  Economic  Life  of. (37)  217 
Officials.  (Government.  Criticisms. .  (48)  294 
Offsets.   Superelevations.  Table  of..(58>  23C. 

Oiling.    Macadam    Streets (17)     17 

Open      Hearth      Rail,      Manganese      on 

r^jrves    (93)  479 

Ore  Dock.   N.   P.   Ry.   Extension,   Supe- 
rior     (4)     52 

Oregon  Society  of  Engineers.  Alms. (50)  2'i2 


Paint,    Considerations    In    Selection    of 

(126) 

Paint.    Li<|Uld    Wax (108) 

Paint.   Selecting  an   Economic (36) 

Painting.    Cost.    Steel    Highway    Bridge 

(110) 

Painting.    Enamel    Street    Cars (30) 

Painting,    Iron    and    Steel (34) 
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Patrol    System.     Street      Cleaning,      w. 
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Pavement    .\rch    Action    of (i> 

lavement.    Asphalt,    Aiulntenance    coiit 

I 1W4> 

Pavement,     Asphalt,      Kalny      Weuiner 

Construction    (124) 

Pavement,    .\sphalt.    Repairing.    Uunaio 

I 1"2) 

Pavement,    KItumlnouH  Concrete   .Mixer 

Construction    loi 

Pavement,    lirlck.    Urganlxaiion     (iung 

for  Laying   (S.j 

Pavement,      (."oncrete.      Circumferemial 

Rods    (102) 

Pavement    Contour,    Obtained    Without 

I'se  oi    Strlkebonrd 1021 

I'avenient   Cuts    witn    Pneumatic   Drills 


Pavement,  Financing   (I«7)  4ji 

Pavement     Foundation,     Furnace    Slag 

for    till)  423 

Pavement  Grout,  Fine  Sand  for... (J)  3 
Pavement     Layouts    lnadei|uate.    Motor 

Traffic    (114)  iK 

Pavement    Planer   Method   of    Finishing 

Concrete  Roads   (74)  318 

Pavement    Slabs.    .Method     of     Raising 

(105)  449 

Pavement  Structure.   Design  of (4)  4 

Pavement.    \\  Idening   for  .Motor   Traffic 

.    (114)  51S 

Pavements,    .\sphalt.    Construction. .( 9)  9 

Pavements,    .\sphalt.    Design (»)  y 

Pavements.  Bituminous  Concrete  Bases 

for    (96)  440 

Pavements,    Bituminous,    Recent    Prac- 
tice  in    (30)  142 

Pavements,  Concrete  Base,  Gang  Con- 
structing      (126)  530 

Pavements,    Concrete,    Vertical    Move- 
ments In   (97)  441 

Pavements,    Reinforced    Concrete    Ba.se 

(7)  103 

Pavements,    Tile    Foundation (105)  449 

Pavements.    L'nilerdrainage    (38)  150 

Pavements.  Wood  Block  Creosoted.  .(7>  7 
Pavements,  Wornout,  Resurfacing  with 

Concrete    (21)  21 

Paving   Brick.    Industrial    Uses (3)  7a 

Paving,      Force      -Vccount.      St.      Paul, 

Minn (78)  322 

Paving    Gang    for    Concrete (76)  320 

Paving.     Granite     Blocks,     Street     Car 

Tracks  (S)  8 

Paving    River   Banks (54)  278 

Paving   Street   Car   Tracks  at   Toronto 

(13)  13 

Paving,  Street.  Underground  Study.(47)  159 

Paving,   Who  Sail   Pay   for 

(107)   451.   (113)  517 

Peak  Load  of  Street  Railways,  Reduc- 
ing     148)  272 

Penstock,   Economic  Design  for... (124)  554 
Penstock  Pipe  Design,   Economic  Pres- 
sure   Pipe  for (124)  554 

Periodicals.     Engineering,     Relative 

Worth   of    (3)  75 

Philadelphia.    Street    Cleaning (127)531 

Philadelphia  Terminals,  New  System  of 

Handling   Freight    iior.i  491 

Picaroon  .\xe  from  Old  Axe iCm  2X4 

Piers.    Brick,    l^ige.    Strength (l')S)512 

Pier  Foundations.  .Method  of  Extending 

(13)  109 

Pfer,    Furiiess-Withy.   Concrete (9S)  484 

Pier.  Mystic  River  Bridge  Construction 

(102)  508 

Piers.    Reinforced   Concrete (971  483 

Pile   Bearing    Formulas (36)  194 

Pile   Concrete,   Saving  of  Steel (5)  77 

Pile    Driving    .Method (15)  111 

Pile  Driving.  World's  Record (10)  58 

Piles,    Reinforced    Concrete    In    Harbor 

Work     (97)  4S3 

I'lles,  Supporting  Power (15)  111 

Piles.    Supporting    Power  of (36)  194 

Pipe    Joints.     .Making     In    Wet    Trench 

(i;8)  270 

Pipe  .lolnts.    Use  of  .Metalium   for   .1S21  34S 

Pllie     Tripod.     Portable (:!3)U;9 

Pipes.    I'asi    Iron.    Specltlcallons .        c.161  4:111 

Pitometer    Suivey    at    Ottawa             '  "- •  M^ 

Planer.    Power-Operated    .  '  • 

Planning.   Clly    12 

Plant    i;xtinslons  of  Publl.  -' 

Plants.    Rental    Prices    ...  '^5 

Plasters.  Settling  .\ctlon  01  'M  so 
Plumbing     Fixtures.     Rates    of     Use    of 

\\'ater  by    ( 1 26)  55« 

Pneumatic    Caisson    Method     of     Quay 

Wall  Construction,  Halifax. .  1 1031  4S9 
Pneumatic    Machine    for    Bending    Cold 

Plates     <5S)  299 

Pneumatic    Punching    Device    lor    Drill 

Steel     (24)  72 

Pneumatic   Riveting,   British  Shipyards 

(10)  404 


openttea  on  Klver 
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Post -War       Rpconstnicllon       Arr«nce- 

mentH   (»)   403 

Power  Driven  Machlner)-  of  L>evee  Con- 
struction      (7)     55 

Power  Plant.  Practical  Ilulea  for  Burn- 
ing  Coal    (105)   471 

Pre-Cast    Beams.    Pacing    B2-Toii     iUi     »« 

Precast  Concrete  Piles  for  I  '1  • ' 

President  Wilson  and  tuillw.' 

President      Wilson      and      ';■ 

Ownership    .11"'    ■.'2 

Pressure  Pipe  on  Penstock  Design .  <  1 : 4 1  .■..■>« 

Price    Regulation.    Taxation    of    Prollts 

as   a    Factor   In iT2p   316 

Priorities  Division.  R.gulatlons  for  New 

War    ■■oi.siru.iioii    '«*p  314 

Priority  ord.r.<.   Public  Utilities <'i4)  35ft 

Production  Control  In  Shipbuilding.  (91)   4V7 

Profits.  Taxation  of  as  a  Factor  In  Price 

Regulation ("D  31« 

Pror>ortionlng  .Mortars  by  Surface  Areas 

(5»)  305 

Proposal  .\dvertlsementB,  Art  of  Writ- 
ing   (7»)  117 

Public  Unfair  (27)  13» 

Public  Improvements.  Excess  Condem- 
nation   for    (80)324 

Public  Utility  Companies,  Large.  Often 

Poorlv   Managed    (75)     56 

Public  Utility   Laws.   Revisions  of.. (48)  272 

Public  Utility  Laws.  Revision  by  Engi- 
neers      - ( 72 )  33S 

Public    Utilities.    How    Priority    Orders 

Mav    Be    Obtained (85)   350 

Public     I  tlllties.     Plant     Extensions    of 

(8»     32 

Public  Service  Commission* (47)  271 

Public  Service  Commissions  and  Stand- 
ardized Industry    (71)  357 

Public  Works  Appropriation.  Engineer- 
ing   Societies     (93)437 

Public    Works    Bonds,     Capital     Issues 

Committee    (91)   4»7 

Public  Works.  Great  Appropriations  for 

( 89 )   475 

Public  Works  and  P.eadjustment  Period 

(109)  561 

Pump.  Irrigation  Geared  to  Automobile 

Engine    (107)   47.1 

Pump.  Recovering  from  Deep  Well. (64)  266 

Pumping.    Cost    of.    I^ulsvlUe.    Ky..(9)     33 

Pun)plnK    Experiments,    Subsoil    Water 

Supply    (31)   425 

Pumping    Plant,   Community    Irrigation 

. (92)   458 

Pumping.    Irrigation.    Arkansas    Valley 

Pumping.'     Iri^lgatron."' C'oat.     Chandler 

District 1104)  4.0 

Pumping  Station.  Small  Automatic,  for 

Sewage     (45)   181 

Pumping    Stations.    Land    Reclamation, 

Holland    MS)   407 

Pumping   Stations,   Waterloo,    la...  (62)  !S4 

Q 

Quantity  Silr\-eys  for  Buildings. .  .(101)  507 
(Juarrles,      Well      Drilling      Method      of 

Blasting  at    <5l)  !7« 

ijuarry   Blasting,   with   Electricity   Pire- 

cautlons (115)  577 

Qunrrv  Operation.   Accident   Prevention 

In    .    (in     59 

tluarr*-  Stripping,  Conveyor  and  Steam 

Shovel    (113)  5''5 

Quarrv  Transportation,  One  Man  Cars 

for    (52>   276 

ouarrylng.  Hydrnullc  Stripping  In. (112)  .'.64 
(juarrving.    Ijibor-Saving   Methotls  ami 

Machines     (92)  478 

Uuav.   Madras   HarlKir   (40)  4»4 

guny    Wall   Construction.    Halifax.!  103)  489 

R 

Radiation    (7)     79 

Ball-Creep   ....   (IS)  119.   (71)  SS8.  (11!)  6«4 

Ralls.    PrllllnK   Machine   for (77)  SM 

Rail    Handling    Machine (77>  S»J 

Rail     Ren.-wing.     I.Abor    Saving    Api>M- 

ances    for    (77)  363 

Ralls,  loading  with  Ditcher  Cost. (72)  358 
Ralls.    Ties.    Street    Rallwav  Track. (82)  MX 

Railroad    Probl.ins.    Todays (113)  B7S 

Railroads.    IajkEIiiK.    Omdlng (10)     SS 
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Railroads,  Russian  (S)     56 

Railroads,   Seven  Months'  Operation  by 

Government     (53)  277 

Railway    Bridge,    Flat    Slab,    Fiist.(32)   212 
Railway  Bridges,  Methods  of  Strength- 
ening     (125)   597 

Railway     Bridges,     Old,     Investigating 

(122)  594 

Railway  Construction   in  Africa (38)  144 

Railway     Construction,    Federal    Allot- 
ments for   (23)     71 

Railway    Ditching    (76)  362 

Railway  Engineers,  Wages  of (S5)   371 

Railway,   Halifax,   Ocean   Terminals   of 

(94)    4S0 

Railway    Improvement,      Providing    for 

Returned   Soldiers    (US)   522 

Railway     Labor,     U.     S.     Employment 

Service     (78)   364 

Railway    Operation    and    Motor    Truck 

Competition   (70)  356 

Railway    Practice,    Design    of    Concrete 

Floor  Slabs    (105)  511 

Railway   Practice   in  Design (105)  511 

Railway     Problem,     President     Wilson 

...: (122)  574 

Railway    Rolling    Stock.    Henry    Ford's 

Criticism     (26)   1S4 

Railway  Tracks,  Machine  for  Removing 

(116)   56S 

Railway     Track,     Reinforced     Concrete 

Ties    for    (25)  419 

Railways,    British.   War  Control (6)   400 

Railways,   Concrete   Roadbed   for..  (Ill)   563 
Railways.  Government  Operation.  Five- 

Year   Test    (Ill)   583 

Railways.     Government     Ownership    of 

(110)   562 

Railways,    Lack    of    in    China (2)     50 

Railways,    Trans-Australian,    Construc- 
tion   Features    (19)   413 

Rainfall  Average   for  50   Years (8)     32 

Rainfall,    Relation    Between    Frequency 

and    Intensity     (74)340 

Rangoon    Training   Wall (23)   119 

Rapid      Sand      Filters.      Wash      Water 

Troughs   (95)  461 

Rapid  Sand  Filtration  Plants  and  Law 

of  pacterial  Removal (SO)  346 

Rates,    Readjustment    of    Water    Rates 

(86)  352 

Rates.  Water.  Raising (117)   547 

Rates.   Water.    Inadequate (26)   162 

Rates.  Water.   St.  Louis (11)     35 

Readjustment  Period  and  Public  Works 

(109)  561 

Reconstruction      Arrangements,      Post- 
war      (9)   403 

Reconstruction,  Building  Industry .  (116)  568 
Refuse     Destructor     Clinker     in     Road 

Work (32)   426 

Refuse.    Municipal   Salvage   of (10)   404 

Registration     Blanks,     Technical     Men 

(67)   313 

Regulating    and    Measuring    Chambers 

for    Intercepting   Sewers (122)  552 

Reinforced   Concrete   Bridges.   Pre-Cast 

Members    (12)   108 

Reinforced  Concrete  Cribs (98)  484 

Reinforced  Concrete  Floor  Construction. 

Core    Type     (12)     84 

Reinforced  Concrete.  Hollow  Block  Wall 

(98)    474 

Rein.  Con.  Marine  Structures (106)   492 

Reinforced     Concrete.     Marine     Works 

(96)   483 

Reinforced    Concrete    Panorama. ...  (34)   130 
Reinforced      Concrete     Slab.     Full     Size 

Tests    (93)   499 

Reinforced  Concrete  Ships.  Design  and 

Construction    (15)   409 

Reinforced     Concrete       Ships.     English 

(115)   587 

Reinforced   Concrete    Ships (24)   41S 

Reinforced       Concrete.       Theatre       des 

Champs   Elysees    (32)   12S 

Rein.    Con.    Tower  and   Tank (59)   261 

Reinforced  Concrete  Track  for  Testing 

Motor  Trucks   (12"!)    530 

Reinforcement   for  Concrete  Roads. (39)    151 
Reinsch-Wurl    Screens,    Operating    Re- 
sults     (107)   473 

Rental    Prices,    Construction    Plant.  (99)   4Si 
Rental  Rates  for  Road   Equipment.  (93)   437 

Report    Forms.     Patrolmen (19)     19 

Report  for  Resident  Engineers  on  Road 

Work     .....(57)   275 

Resawing     Plant.      Salvaging      Lumber 

with     (11)     83 

Research     Industrial (17)     89 

Research.    Industrial.   British (29)   423 

Research    Work    of   German's (27)   185 

Reservoir.      Device      Indicating     Water 

Level    in    (66)   268 

Resident    Engineers,    Report    Form    for 

(57)   2.35 

Respiratory,  Diseases  and  Street  Flush- 
ing    (51)   229 

Resurfacing  Old  Concrete  Roads.. (132)   536 
Resurfacing  Wornout   Pavements   with 

Concrete    (21)     21 

Retaining    Walls.    Reinforced    Concrete 

(97)   4S3 

Revetment.    Gravity   Plant   for   Pavi'ig. 

Concrete  River  Bank=    (54)  278 

Riser    Pipes,    Preventing    Fieezing     in 

(96)   465 

River   Kite   Drawbridge    (50)  296 


Rivet    and    Riveting,    Hell    Gate    Arch 

Bridge    (108)  394 

Rivetless  Ship  Building,  English. .  (22)  416 
Roadbed,  Concrete,  on  Northern  Pacific 

(7)     55 

Roadbed.  Concrete.  Railways (Ill)  563 

Road   Building  and  Federal  Appropria- 
tion     (Ill)   515 

Road    Building   at   the   Front (15)      15 

Road  Building,  War  Time  Policy..  (16)  16 
Road    Construction,    Hauling    Materials 

with    Dinkies    (56)233 

Road     Construction     with     Mechanical 

System  for  Handling  Material.(55)   232 
Road  Construction.  Steam  Shovel  Work 

(102)   446 

Road  Contract  Based  on  Efficiency  and 

Speed   Factor    (49)   228 

Road    Contract— Cost    Plus (2)       2 

Road    Contract.    Cost   Plus,    Massachu- 
setts     (14)     14 

Road  Contracting.  Hazards  of (51)   229 

Road  Grades.   Ma.Nimum (70)  248 

Road    Dragging,    Trucks    and    Tractors 

(19)     19 

Road  Equipment,  Rental  Rates (93)   437 

Road  Machine  and  Jfractor (IS)     IS 

Road     Maintenance,     Concrete,     Wayne 

County    (115)   519 

Road  Maintenance.  Connecticut. ..  .(16)  16 
Road    Maintenance    Costs.    Washington 

(125)    529 

Road    Maintenance.    Township,    Illinois 

(14)     14 

Road    Mileage,    U.    S (79)323 

Road  Oil  Curing  Concrete  Roads..  (108)  452 
Road  Patrolmen,  Suggestions  for.. (38)  236 
Road     Patrolmen.     Wisconsin,     Report 

(19)     19 

Road,  Pneumatic  Machinery  and  Labor 

Saving   Devices    (106)   450 

Roads.   Maintenance  Costs (125)   529 

Road    Repairs.    Connecticut (16)     16 

Road    Roller  Wheels.    Oiling (53)   231 

Road    Sprinkling.    State    Highway    De- 
partment      (75)   319 

Road    Surfaces,    Tarring    Practice. .  (30)   142 
Roadside   Trees,    Reserving   and    Plant- 
ing    (89)  333 

Road    Wear,    jMeasuring (22)     22 

Road      Work      Controlled      by      Federal 

Council (12)     12 

Road  Work.   Kentucky,  Disqualification 

of  Bidders    (29)   141 

Road  Work.  Engineer  in (131)  535 

Road  Work.  Refuse  Destructor  for.(32)   425 

Road    Work.    V.    S.    1917 (46)   158 

Roads.   Concrete  Construction  Freezing 

Temperature    (35)   147 

Roads.    Concrete.    Cracking (39)   151 

Roads,  Concrete,  Curing (108)   452 

Roads,       Concrete,     Finishing     Method 

(100)   444 

Roads.  Concrete.  Wayne  County.  .(107)  451 

Roads.  County.   Iowa.  Cost (68)   246 

Roads.   Earth.   Engineering  Supervision 

(43)  155 

Roads.    Earth,   Kane   County (28)  140 

Roads.  Earth.  Location (65)   243 

Roads,  Federal  Aid   Status (20)     20 

Roads.    Foundation    for    Heavy    Traffic 

(86)  330 

Roads.   Gravel.   Colorado (40)   152 

Roads.    Gravel.    Iowa.    Methods   of..  (69)   247 

Roads.  Inadequate  Funds  for (1)       1 

Roads.    Lack    of    in    China (2)     50 

Roads.    Lessons   of  War (39)   433 

Roads,  Spring  Bi-eakup.  New  York. (129)   533 

Roads.     Tractive    Tests     on (3)       3 

Roads.     Vermilion     County.     Effect     of 

War     (85)   329 

Rock.    Abrasion   Tests    (5)       5 

Rock  Crusher.  Standardization  of  Sizes 

(129)    533 

Rock      Crushing.      Standardization      of 

.'Screen  for    (88)332 

Rock  Cut  Widening  with  Pneumatic  Tie 

Tampers    (39)   197 

Rock  Drill.   Accessory  Equipment.  Effi- 

ciencv  Tests    (81)   367 

Rock  Drill  Efficiency,  Air  Transmission 

(82)  368 

Rods.      Circumferential,      for     Concrete 

Pavement    Rein (102)    446 

Roller  Belt  Method.  Concrete  Road.  (86)  330 
Rope.    Selecting  and    Protecting.  ..  .(SO)   366 

Rope,    Wire.    Lubrication    of (61)  285 

Roneway   Bicable    (35)   131 

Rubbish     Collection,     American     Cities 

(114)  544 

Rural     Communities,     Water     Supplic"" 

(52)   254 

Russian   Railroads,   the  American   Rail- 
way   Comm (S)     56 


.lafetv   Engineering  Construction  Work 

(40)  198 

Safetv  Engineering   (53)   299 

St.     Pnul     Engineering     Society,     War 

Work    (107)   513 

Sahara    Desert,    French     Developments 

(17)   113 

,';!<'esmen     Engineer.    E.\nort    Field.  (99)   505 
Salvage  Department  at  Shipyards.  (103)   389 

.Sampling.    Boulder   Deposits (8)       8 

Siimnling     Sewage     (15)     11 

Sand  Blast  Cleaning  Iron (113)  585 


Sand     Filters     vs.     Coagtilants,    Water 

Purification    (5)   399 

Sand    Drag    Train    Stop (37)   431 

Sand,    Handled   with   Air   Lift (36)   194 

Sand    Pump     for     Handling    Screenings 

(24)     72 

Sand,    Spreading  Device   for (119)  523 

Sand     Spreader,     San     Francisco. .  .(11)  523 

Sanitation    Camp    (38)   134 

Sanitation,  Construction  Camps...  (50)  274 
Scaffolds.  Accidents  in  Connection. (61)    285 

Scaffolds,   Painters'    Suspended (63)   287 

Science    and    War (49)295 

Scraper,    Street    Cleaning (38)  150 

Screen  Opening,  Standardization  of  .(88)  332 
Screenings  Handled  with  Air  Lift.  (36)  194 
Screenings.     Mechanical     Spreader    for 

(82)   326 

Screening,    Handling   with    Sand-Pump 

(24)     72 

Screens,   Gravel,   Comparative  Analysis 

of    (14)     62 

Screens,   Reinsch-Wurl,    Operating   Re- 
sults     (107)   473 

Sedalia,  Mo..   Sewage  Treatment. ..  (10)     34 
Seneca    Mine.    Sinking    Shaft    at...(S6)   482 
Separator.  Removing  Water  from  Com- 
pressed Air   (87)  373 

Service  Connections  to  Concrete  Water 

Mains    (103)  469 

Service  Pipes.  Loss  of  Head  in...  (56)  258 
Services.  Thawing  with  Hot  Water.  (28)  164 
Services,   Cost   of   Installing,   Louisville 

(19)     43 

Services,  Thawing  with  Electricity.  (21)  45 
Setting   Process   in   Lime   Mortars   and 

Portland   Cement    (13)   407 

Sewage    Condemns,    Irrigating   Vegeta- 
bles   (68)   270 

Sewage    Disposal,    Experiments,    Croy- 
don      (19)   413 

Sewage    Disposal,    London    (35)  429 

Sewage     Disposal,     Operating     Results,  , 

Rochester    (107)   473  ^ 

Sewage    Disposal,    Operation   of    Imhoff 

Tanks     (6)     30"^ 

Sewage    Disposal    Works,     Control     of 

(106)   472 

Sewage  Irrigation.  Principles  of...  (12)  406 
Sewage     Lifting     System,     Compressed 

Air.    Cairo    (18)   114 

Sewage.  Methods  of  Sampling (15)     11 

Sewage   Plants,   Instruction  for  Opera- 
tion     (118)  548 

Sewage     Pumping     Stations,     Waterloo 

(62)  264 

Sewage  Pumping  Station,   Small  Auto- 
matic     (45)   181 

Sewage  Treatment  Plants,   Design  and 

Operation    (55)   257  ^ 

Sewage  Treatment,  Miles  Acid  Process 

(40)   166 

Sewage    Treatment    Plants,    Operating 

Rules   for    (39)   175 

Sewage   Treatment,   Sedalia,   Mo... (10)     34 
Sewage    Treatment,     Tentative    Stand- 
ards for (64)   266 

Sewage  Work,    Control,    English   Prac- 
tice     (106)   472 

Sewer,  Brick,  Labor  Cost  of (65)  267 

Sewer     Construction,    Cost,    Providence 

(104)  470 

Sewer  Pipe  Joints,   Methods (21)     45 

Sewer  Pipe  Joints,   Methods (44)  180 

Sewer  Pipe.   Methods  of  Making. .  .(21)     45 

Sewer  Storm  Inlet (21)     21 

Sewers.    Combined   or   Separate,    Selec- 
tions of   (57)   259 

.Sewers,  Intercepting,  Regulating  Cham- 
bers for  (122)  522 

Shaft   Sinking,    Employment    of   Divers 

(19)     67 

Shaft  Sinking  bv  Freezing  Process. (32)  326 

Shaft  Sinking.   Seneca  Mine (96)   482 

Sheet  Piles.  Reinforced  Concrete.  .(97)  483 
Shipbuilding.     American.     During    War 

(97)    503 

Ship    Building.    Danger    in    Too    Much 

(49)   295 

Shipbuilding,  Electric  Welding  in.  (26)  420 
Shipbuilding  Industry  in  the  Future  in 

America     (26)   206 

Shipbuilding.    Production    Control.  .  (91)   497 

Shipbuilding  Progress  in  U.   S (93)   379 

Ship    Channels    and    Shipbuilding    Bulb 

.\ngles    (124)   598 

Ship    Construction    with    Light    Weight 

Concrete    (27)    207 

Ship  Fabricated,  the  First  English.  (37)   431 

Ship   Framing.   M'illar   System (38)   432 

Ship  Repairs  bv  Cofferdam (127)   579 

Ship    Shapes.    Standard (124)  596 

Ship.    Steel.    Greenock   Yards (32)   426 

Ships.    Concrete    Construction    Features 

(57)   303 

Ships.    Concrete.    Design    Features.  (16)     88 

Ships.    Concrete.    Light    Weight (42)   222 

Ships,  Instrument  for  Recording  Strains 

(105)  391 

Ships,    Merchant,    Joint    Ownership    of 

90  376 

Ships,  Reinforced  Concrete   (24)  418 

Ships.  Reinforced  Concrete.  Design  and 

Construction    (15)   409 

Ships.  Rein.  Con..  English  Yards..  (115)   587 

Ships,    Rivetless    Steel (34)214 

Ships.   Present   and   Prospective   Short- 
age   (110)   582 

Ships,  Wooden  Repairing  Concrete.  (112)  584 
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Shipyards.  British,  Pneumatic  Rlvetlne 

(lOi    404 

Shipyards    DrBanlzatlon    Typical. .  .(9:'»  49fi 

ShipyarilH,  Poole  llarhor (HG>  5S7 

Shipyard.  Salvage  Department  lor. <  103)  3S9 

Shop   Floor.    Asphalt -.MaBtU- (L'2»     94 

"Skip-Stop"    F'lan  and   Fuel   Kconomlz- 

Inn      (5U)  22S 

•■Sklp-.Stijp   Plan."   Street     Car     Service 

..." (50)   296 

"Skip-Stop  Plan"  Street  Hallway ..  (25)  1S3 
"Skip-Stop    System,"    Street    Railways 

(fill  jsr. 

Shovels.  Klectrli-  Dperatlnfi  Cost  1 100)  4S6 
Shovel.  Steam.  Ka.slly  Portable.  .( I;;")  579 
.SlnKle    Tii.x    Theory    and     (Government 

Price    KeKulation    (711   357 

Slag  for  I'avement  Hase (122)  52>i 

Sleeve     Spacer     for     Repairing     Water 

Mains (83)   319 

Slow    Sanil    Filtration   Plant.    Operating 

Results     (99)  4G5 

Slow  Sand  and  Multiple  Filtration.  .(27)  123 
Sludge.  Acldltv.     Correcting  with  ]Ame 

(96)  462 

Sluilge    Depth.    Measuring,    Deep    Sedi- 
mentation   Tanks    (81)   347 

Sludge.   1  >ewaterlng  <  100)   467 

Sludge    1  Hspo.sal.    Providence (107)  473 

Sludge  Removal.  Co.st  of,  Columbus.  (21)  45 
Sludge  Ships  for  Sewage  Disposal.  Ix)n- 

don    (35)   429 

.Smoke  Stacks.  Cleaning  Soot  from. (50)  274 
Snow    Removal.    Clam    Shell   Bucket    in 

(34)    192 

Snow    Removal,   Connecticut    Highways 

(93)    437 

Snow     Removal.     Connecticut     Practice 

(116)   520 

Snow     Removal,     Highways    Transport 

Committee    (133)  537 

Snow     Removal     from     Highways.     Pa. 

(lit;)  521) 

Snow    Removal.    Motor    Convoy    Routes 

1104)    448 

Snow   Roads.    Opening  Up. (22)     22 

Societies.     Engineering.     Public    Works 

Aiipropriatlon    (93)   437 

Societies.  Kngineering.  for  Soldiers.  (90)   456 

Socket  Extractor,  Air  Drill (126)   598 

.Soldiers.   Engineering   Societies  to  Pro- 
vide   Work    for    (90)   456 

Soldiers.    Returned.   Providing  for.  (125)   529 

Soldiers.  Work  for  I IIS)  522 

Sound   Ranging.   Locating  Enemy  Guns 

by     (22)     22 

Spanish  Induenza   Hospital (103)  3S!) 

Specifications.    English,    for    Cast    Iron 

Pipes     (36)    430 

Specifications.   Roller  and   Belt   Method. 

Finishing  Concrete  Roads (86)  320 

.Spontaneous  (Combustion  of  Waste. (22)  IIS 
Spring  Breakup  of  Roads  in  New  Tork 

: (129)    53,'i 

Spruce    bv    Airplanes (25)  206 

Spruce  Timbers,    Strength   of    100-Year 

Old     (38)   196 

Sijuegee  Work,   Cost.    St.   Paul (68)  246 

Staggering     Business     Hours.      Reduce 

Peak  Load  of  Railways (48)  272 

Stairs.    Factory    (103)  509 

Standard    Sizes,    (^rushed    Stone. .  .(129)  533 

Standard   Shin   Shapes (124)   596 

Standardized    Industries    (49)  273 

Standardized    I))dustry (71)   357 

Standardization  of  Catalogs (72)  33S 

Standardization     of     Detail.      Highway 

Bridge    Design (107)  513 

Standards.    Industrial    Housing (128)  600 

Standards  of  Puritv,  Water (14)     3S 

Standards.  Water  Purity (104)  470 

Standards  of  Quality  for  Water (32)   16S 

.standards.  Tentative  for  Sewage  Treat- 
ment     (64)  266 

.Siandpipes  and  Water  Towers (6S)  270 

State  f'ounciis  of  Defense.   New  Build- 

ine  Work    (61)   307 

State   Highway.  Construction.    Employ- 
ment  of  Women   on (79)  32:! 

State  Highway  Construction.  New  York 

in     1917 (127)   531 

Station    Work    on    Concrete    Aqueduct 

(76)   342 

Steam   Hopper  Dredgers.  Economics  of 

(5)   101 

Steam  Jet  OutOts.   Hydraulic  Fill  Con- 
struction     (45)   ISl 

Steam    Motor  Wagons.  Cost  of   Opera- 
tion     (48)   160 

Steam  Shovel  Cuts  Stripping  on  Mesahl 

Range  (18)     66 

Steam     Shovel     In     Road     Consttuction 

(102)   446 

Steam   Shovel.    Trenching  and   Backfil- 
ling   with (129)   559 

Sleant  Shovel  Work.   Blasting  for. (55)   279 
Steam  Shovel  Work  Breaking  I'p  Froz- 
en   riround (4)     52 

Steam  Shovel  Work.  Cost.  In  Road  Con- 
struction     (102)   446 

Steel    Painting (34)   130 

Steel      Shiii      Construction.        Cireenock 

Yaids    (32)   426 

Steel    Ship    Construction    with    Electric 

Welding     (62)   308 

Steel.  Temperature  of.  Exposed  to  Sun 

(44)  224 

Steel    Vessel.   Welded (34)  214 

Steel  WTiarves,   Corrosion  of (8)  104 


Steelwork  Erected  with  Cableway  with 

Eiiuallzing    Girder (100)  Jtit 

Stilling  Box.  Irrigation  for  Canal  Meas- 

urementH     (113)  543 

Stock   Pipe.   Crushed  Stone    (3)     51 

Stone   Chip  Spreader.   Mechanical.  .($2)  32« 

Stone    Industry    1917 (1111)570 

Storage  (if  Water.  AdvaiitageB  and  Dl»- 

advuntuges     (102)    46S 

Store  Doi.r  Freight  Deliveries 133)    145 

Storm  Sewer  Inlet (21)     21 

Stnilns,    Instrument     for  Recording   In 

Ships     (105)  391 

.Stream    Control.    Novel    .Method ...  .i73)  339 

Strength.    I.jirge    Hriik    Piers (lc)«)  512 

.Street    Car    Fare.    Buffalo (71)   357 

Street    Car    Fares      Increa.ied      in      240 

Cities     (76)    3(;2 

Street  Cars.  Enamel  I'alntliiK  uf...(:i(i)  ls> 
Street  Car  Service,  Load  Factor.. (»S)  27J 
Street  Car  Service.  Sklp-Stoii  IMnii.(5U)  296 
Street  Cleaning  and  City  IOin;liieei«(  2.'.  i  137 
Street  Cleaning.  Cost.  St.  Paul  . .  .  ( (.M  245 
Street  Cleaning.  Ceneral  Phases    ...  CJIO   443 

Street  Cleaning  and   InlUienza dili   435 

Street   Cleaning   with    Motor  Apparatus 

(100)    445 

Street  Cleaning.  Philadelphia  1917.(127)  531 
Street   Cleaning.     S<iueegee,     St.    Paul, 

Cost     (6S(   246 

Street    ('leaning.    Scraper I3S(   15u 

Street   Dust  and  Inlluenza (91)  435 

Street  Flushing.  Cost  of (43)   155 

Street    Flushing.   Cost   in   Chicago.  .(70)  24K 

Street  Flushing.  Cost  St.  Paul (6K)   246 

Street    Flushing,    Experiences,    Worces- 
ter,   Mass. (52)  23U 

Street        Flushing        and        Respiratory 

Diseases    (51)   231) 

Street  and  Highway  Policy,  U.  S.  High- 
ways   Council (105)   391 

Street    Improvetnent — Financing (1)       1 

Street   Inter.sections,    Increasing   Radius 

of  Turns (117)   521 

Street  Oiling,  Cost  Han)ilton,  Ont...(eO)  23» 

Street   Oiling,   Cost   of  St.    Paul (54)  232 

Street  Paving  Underground  Study. (47)  15S) 
Street     Railway    Operation     "Skip-Stop 

Plan"    (25)   1S3 

Street    Railway    Operation    "Skip-Stop" 

Plan     (50)  22S 

Street   Rallwav  Track,  Ties  Made  from 

Old     Rails IS2)  368 

Street    Railways,    Increased    Fares    for 

(49)  273 

Street    Railways   and    Rallless    Electric 

Traction,    Economics    of (27)  123 

Street    Railways,    Reducing   Peak   Loiid 

of    (48)   272 

Stieet  Railways.  Skip-Stop  System. Cil)  2S5 
Street    Sprinkling,      Cost    of,    St.    Paul 

(54)  232 

Streets — Inadequate    Funds   For (1)       1 

Streets,   Macadam  Oiling. (17)     17 

Streets,    San   Francisco,   Sanitary   Con- 
dition     (112)  542 

Streets,  Wash  to  Remove  Germs... (91)  457 
Stripping,  Hydraulic,  Quarrying.  .(112)  5>14 
.Stripping  on  Mesabi  Range.  Equipment 

(IS)     66 

Stripping,  Overburden  English  Practice 

(S)  402 

Stripping.  Quarry.  Conveyor  and  Stea)n 

Shovel     Work (113)  565 

Structural    Engineering (23)   427 

.structural    Engineering    Courses,      Ob- 
jects   of (99)  385 

.Stiuctural    Engineers     and     Architects 

(2)     74 

Structural  Engineer.  Deflnition (109)  5S1 

Structural  Merits  of  Lumber (47)  293 

Structural  Steel  Work.   Drafting  Roo)n 

Errors     (92)   37S 

Stucco  Finish.  Cost  of (5S)   304 

Stucco  Tests,  Bureau  of  Standards(lOl)  387 
Student    Otllcers.    Training    Corps.. (47)  249 

Students   .\rniy   Training   Corps (80)  324 

.Students     Training     Corps.     Course     of 

Studv    (66)  290 

Stump.  Tool  for  Pulling (116)  567 

Stumps.    Blasting.    Frozen   Soil. ..  .(106)  492 

.Sub-Contractor    (113)  585 

Suh-<Jrades  for   Highway (4)       4 

Subsoil.   Water  Supply  for   Purl (31)  425 

Su|)erUatn    .\u(oniatlc (61)  263 

Survev,    Industrial,    Object    of (64)  242 

Survev.    Lncalinn    of    Earth    Roads. (65)   243 

Survev.     Pitometer    at    Ottawa (32)   16S 

Survey.-^,    Concrete    Buildings (101)  507 

Survevs.     Land     Reclamation     for     Ap- 
propriation      (48)  250 

Suspension    Bridge.    Menal.      Tests    on 

Tie    Hais (39)   4,13 

Swine.    Feeding   GarhaKC   to (120)   550 

Swine.  Regulation   for  Feeding  Garbage 

(o    (104)  470 

T 

Tanks.  In)hnrT  Rules  for  Operation. .  (6)     30 

Tanks.    Wooden.    Life    of (100)   466 

Tar  (Concrete  Foundation.   Brick  Pave- 
ment     174)  318 

Tar  Surfaces.  Recent  Practice  In.. (30)  142 
Tar  Treatment  of  Gravel  Macadam. (4S)  157 

Teaching.    Experiment   In (S2)  326 

Teaching.   Novel  Experiment  In (72)  316 

Teaching   by    Text    Book     and   Lecture 

Methods     (82)  326 


Team    llau 

ling.    A*. 

r^.ce    L<oadl....(»3)  4T» 

Tea  II 

(12«)  524 

Te.1 

iiNervatlon    of 
(]])     81 

Te.  1 

11.^    and    Fll- 

...(27)   ISJ 

Tel.i 

..(1101  1182 

Ten.; 

.1   Movr- 
...(98)   441 

Ten 

1        (87)  373 

Ten 

l-VelKht    Han- 
(105)  491 

llt- 
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Tests  of  Stucco  b>   r.ur 


Lime   In    ('■ 
Tests.    Rock    Drll  M 

11  367 
SI.iM'liirdH 

(101)  387 

Tests.  Tractive  on  Roads (3)       3 

Test  Values  for  liroken  .Stone (46)   15)1 

Text-Book   .Method  of  Teaching (72)  316 

Text   Book   Method  of  Teaching (S2)  326 

Thawing      Hydrants.      Porlalile     Steam 

Outllt     (14)     38 

Thawing   Frozen  Water  Mains.  Method 

(121)  551 

Thawing.    Methods     for   Water     Mains 

(121)  551 

Thawing  Services  Electricity (21)     45 

Thawing  Services  with  Hot  Water. (28)   164 
Thawing  Water  Services  with  Electric- 
ity     (8)     32 

Theatre.    Example    of    Reinforced    Con- 
crete Construction (32)   128 

Tie    Bars.    Tests (39)    433 

Tie    Tamiiing.    Cost (73)   3.59 

Ties.    Hand   and  .Machine  Tamping.  (731  3.59 

Ties.   .Machine   for  .Sawing (77)   363 

Ties.    Keinforceil   Concrete (25)  419 

Ties.    Street    Railway    Track,   Old    Ralls 

(82)  368 

Tile  Foundation  for  Pavements (105)  449 

Tilting  Dam.  Gun  Powder  River  Water 

Supply    («1 )  263 

Timber  Bridges.  SO  vears  old (104)  390 

Timber  CorTerdain.  Rapid  Building. (59)  283 

Timber.     Picaroon     (60)284 

Tongabuddra  Bridge (11)  405 

Tcngs    for    Handling    Precast    Concrete 

Pipe     (22)     70 

Toronto.    Brick    Sewer   Cost (65)  267 

Toronto,  (int..  C.  P.  Ry.  Bridges. .  .(14)  S6 
Toronto.  Street  Car  Track  Paving.. (13)     13 

Tower  and  Tank.  Rein.  Con (59)  261 

Township     Road     Maintenance     Illinois 

(14)      14 

Tracings.  Erasing  Pencil  Marks  .(116)  SSs 
Track.  Testing  for  Motor  Trucks.  ( l.'6i  5.'in 
Tracklaylng.  For  Logging  Riiliroad.  ( ID)     5>i 

Tracks  Street   Car.    Paving I«)       S 

Tracks.    Street     I'.ailway,    Machine    for 

Removing   (116)   568 

Tractive    Resistance.    Hauling (16)     16 

Tractive    Resistance,  Industrial   Trucks 

(27)   139 

Tractor.  Dragging  from  Mud  Hole. (65)  28;i 
Tractor.  For  Pulling  Sweeping  Machine 


Tractor  Scraper  Outllt  Grading (5)       5 

Trafflc.  Caring  For,   Road  Construction 

(115)  519 

Trailer  Trains  Starting (7)       7 

Train  Stop.   Sand  Dntg (37)  431 

Trans-.\u.-itrallaii     Railway,      Construc- 
tion   Features (19)  413 

Transportation.    Three    Elements.  .(123)  627 
Trees.   Roadside.   Reserving  and  Plant- 
ing     (89)  343 

Trestles.  Timber ( 107)  393 

Trollev   Wire   Blocks,   Drilling  Holes   In 

Tunnel    Roof   for   .Vnchorlng.    (95)  4S1 

Trov   I^ock.  Cofferdiun   for (59)  2S3 

Trov    I^ck,    Cold    Weather    Concreting 

(122)  594 

Trov    T,ock.    Line    Hooks.    Ladders   and 

Friction     Fenders (105)   491 

Troy  Dam.  Method  of  Kevins (.10)  iss 

Trov    Dam.    Test    of    Rock    Foundation 


(641 


Truck     Manufacture,     Unwise    Curtail- 
ment     1 92"  t.li; 

Trucks.  .\utomBtlc  Pump  Body  for.(90i  ::;;i 
Trucks    for   ILtndlIng   Concrete   Aggre- 
gate      (56)  234 

Trucks.    1.i«r    Prices   of (134)  53R 

Trucks.   M    •    -    •    '      >VnrklnK  Co»ts.(7)  ion 

Trucks   >'                            i;  Costs )lii6i  ('•: 

Trucks.    I                                  (I'll  '■ 

Tubes    (    .                            .1.- (1171  .-Jl 

Tunnel,   hii.  n  .^.  n.i    III (i;.>)  26. 

Tunnel.    Wwdliend    Wiilllatlon  of.l28>  124 

U 

I'nderdralnage    CItv    Pavements (."18)  ISO 

Underground       Mining      with     Electric 

.Shovel    <"""  "« 

Underground  Pines.  locating  I.eiiV..(SH  350 
Undernround  Workings  In  Rand   MIp'« 

(2))  116 


ENGINEERING   AND    CONTRACTING 


Unionization  of  Engineers (91)  377 

Unions  and   Women  Workers (69)  335 

V 

Valve  Extractor.  Air  Drill (126)   59  S 

Vault.  Concrete  Electric  Cable  System, 

Cost     (99)   3S5 

Vehicles,      Electric      Cost      of      Opera- 
tion     (11)   107 

Ventilation,   Woodhead   Tunnel (2S)  121 

Viaduct     Approach,       Central     Avenue 

Bridge    (4)     76 

Viaduct,  Masonry,   89  Years  Old...  (102)  3Sb 
A'iaduct,    Langwies         Ueinforced    Con- 
crete     (3)     99 

Vise   for  Repairing  Air   Drill (126)   59S 

Voids    in    Concrete (29)   125 

W 

Wall,  Rangoon  Training (23)   US 

Walls,      Reinforced      Concrete      Hollow 

Block    (98)   484 

Wall,    Reinforced   Concrete   Pile (98)   484 

War,    The    Effect    on    National  Wealth 

., (1)  393 

War  Inventions   For (25)   161 

War    Work, .  L/eadership    of    Civil    En- 
gineers and  Contractors (89)  375 

War,   Lessons   of  as   Applied   to  Roads 

and    Bridges (39)   433 

War,  Part  Played  bv  Engineers. ...  (65)  2S9 

Mar.  Policy  in  Road  Building (16)     16 

War  and   Science (49)  295 

•jJVar   Work,    St.    Paul    Engineering    So- 

■  "-"^iety  •..  .-V.-.-: , (107)  513 

Warehouses.    Navy   Cost   Of (44)   224 

Wash  Water   Troughs,   Flow   of  Water 

in (951   461 

Washing  Streets  as  Germ  I  >rslii.yHi  i  Ml  i    457 
Waste.   Spontaneous  Combusmn   (ii.i.':'i    118 
Waste  of  Water,    Suggestion-    l^i    In- 
venting      I  (jtj »   268 

Water    Bill,    Postal    Card (128)  558 

Water    Consumption      in      Metropolitan 

Water     District (72)   33S 

Water  Consumption  Oak  Park (11)     35 

Water    Consumption,    "Per    Consumer" 

Unit     (26)   162 

Water  Consumption,  Units  for  Compar- 
ing    (110)   540 

Water.  Cost  of  Filtering |2S1   146 

Water   Department,    Employees    School 

(28J    164 

Water,    "Doped" (114)   544 

Water,    Growths    in (12)   406 

Water  Hyacinth.   Fertilizing  Values  of 

(21)   415 

Water  Level.  Device  for  Indicating.  (66)  268 
Water    Mains.    Concrete.    Service    Con- 
nections      (103)   469 

Water  Main.   Construction,  Cost.  Pa.sa- 

dena    (lOOi    466 


Water    Mains.    Cost.      Hartford.    Conn. 

(121)   551 

Water  Main,  Cost.  Fall  River (67)  269 

Water    Mains    Cost.    Milton,    Mass.. (14)     38 
Water    Main.    Determining    Most    Eco- 
nomical    Size (920)   116 

Water  Main  Extensions.  Louisville,  Ky. 

(11)     35 

Water  Main  Leakage  Determination  of 

(16)     411 

A\  ater     Mains,       Leakage     from       New 

(117)  517 

Water  Mains,  Lieaks  in.  Hamilton,  Ont. 

; (58)   260 

Water  Main,  Locating  Leaks  in (84)   350 

V.'ater    Mains,    Old,    Carrying    Capacitv 

(112)   542 

Water    Mains,      Repairing    with    Sleeve 

Spacer    (83)   349 

Water    Metering,    Chicago.    City    Engi-     ». 
neer's    Recommendations. ..  .(109)  ^30', 

Water  Powers.  British  Empire (112)   545' 

Water-Power     Legislation (47)     25 

Water  Power.   Undeveloped  U.   S...(33)   169 

Water  Purification  in  the  Field (5)   399 

Water.    Purification    in    Military    Cam- 
paigns      (35)   131 

Water  Purification.   Military   Campaign 

(35)   131 

Water  Purification,  Minneapolis (81)  347 

Water  Purity.   Standards  for (104)   470 

Water  Kates  Inadequate (26)   162 

Water      Rates    Raising      to    Offset    In- 
creased  Costs (117)  547 

Water  Rates.  Readjustment (86)   352 

Water    Rales.    St.    Louis (11)     35 

Water    Service      Leaks.      Classification 

(50)   20:: 

^^'ater    Services    Cost    of    Installing    at 

Louisville    (19)     43 

Water   Services.    Lead  Pipe   Connection 

For    -. (50)   252 

Water  Services.  Thawine  Electricity(8)     32 

Water,    Softening (101)  467 

Water   Standards   of   Purity (14)     38 

Water,   Standards  of  Quality  for...  (32)   168 
Water,  Sterilization  with  Ammonia.  (16)     40 
Water.    Storage.    Advantages    and    Dis- 
advantages      (102)   468 

Water    Supplies,    for    Rural    Communi- 
ties     (52)   254 

Water  Supplies.    Sanitary  Aspect   of  at 

Army  Cantonments   (94)   460 

Water    Supply.    Hetch    Hetchy,    Status 

(126)  556 

Water    Supply.    Subsoil.    Pumping    Ex- 
periments     (31)   425 

Water    Tanks.      Creosoted    Wood      For 

Railway    Service (44)   202 

Water   Tanks.   Wooden   Life  of (110)   466 

Water  Towyrs  and  Standpipes (68)    270 


Water       Treatment       Ammonia       with 

Bleach    (16)     40 

Water  Tunnel,  Capacitv  Tests  of.. (67)  269 
Water  Waste    Elimination.   Methods   in 

Oak   Park (74)   340 

Water  Waste.  Suggestions  tor  Prevent- 
ing    (66)   268 

Water  Waste  Warnings (78)   344 

Waterways,   Division  of  Inland (51)   275 

Waterworks.     Aberdeen     Excess     Lime 

Treatment    '.  • .  (4)  100 

Water   Works      Distribution.      Services 

Bicording  Location (35J    171 

Wa.teiK^Vorks.      Effect    of  War    Condi- 
tions    Upon (40)   176 

Wat^r.works      Operating    Expenses    In- 

'  creased     (S6)   352 

Waterworks  Practice.   Specialization  in 

.■i »...    (20)   414 

.WaterJWorks    Service    Dionic*Tester 

•I ^. .    (16)     40 

\Jfci\ie  .TLction  DetMimination  of«.  ..(37)  113 
.Weaitll  National,  Effect  of  War..(l)  393 
WedgeiShaped       Reinforced       (Concrete 

iTJotings    Design .»..(121)   593 

Welded    Steel    Vessel    First    in   England 

(34)    214 

Welding,     Application     of     Electric     to 

Shipbuilding    (26)   420 

Welding,  Manufacture  and  Use  of  Oxy- 
gen   in    (23)   129 

Welding,  Electric,   Steel  Ship  Construc- 
tion     (62)  308 

Well.    Increasing    Flow    by    Dvnamiting 

(104)   469 

Well,  Recovering  Pump  From (64)  266 

Wells,  Special  Cast  Iron  LiViing.  . . .  (36)  172 
Well  Drilling  Method  of  Blasting.  .(52)  276 
West  Side  Irrigation  Distrifct,  Calif. (42)  178 
Wet  Trench,  Pipe  Joints  Made  in.. (68)   270 

Wharves   Steel,    Corrosion   of (6)   104 

Widening  Concrete   Road   with  Bitumi- 
,        nous    Macadam    Shoulders. .  .(129)   533 

Wire    Rope,    Lubrication (61)   285 

Women   Employed   in  English   Munition 

Factories     (39)   135 

\\  ood     Block    on     Bituminous     Coating 

Cushion   (7)       ^ 

Wood   Block    Pavement (7)       7 

Wood     Block     Pavements.     Bituminous 

Filler     (76)   320 

Wood      for    the    Construction      of    Mil! 

Building    (45)   225 

Woodhead   Tunnel.    Ventilation (28)   124 

Wood.    Heat    Values    of (28)    186 
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Why  Funds  for  Roads  and  Streets 

Are  Usually  Inadequate  for  the 

Needs  of  the  Public 

Until  the  last  decade  capital  for  railway  construc- 
tion was  available  in  abundance,  and  new  railways 
and  betterments  were  provided  not  only  as  fast  as 
needed  but  often  far  in  advance  of  existing  require- 
ments. On  the  other  hand,  although  capital  for 
roads  and  streets  was  available,  it  did  not  "seek  in- 
vestments in  such  highways  and  was  sought  in  rela- 
tively small  amounts.  Consequently  plant  for  rail- 
way transportation  far  outstripped  plant  for  high- 
way transportation,  although  the  latter  was  econom- 
ically as  important  as  the  former.  This  condition  still 
exists,  in  spite  of  all  that  has  been  done  in  recent 
years  to  "boost"  the  good  roads  movement. 

It  is  important  to  seek  the  underlying  reasons  for 
this  difference  in  development  of  roads  and  railroads, 
for,  if  the  causes  are  clearly  recognized,  more  intel- 
ligent action  will  result.  The  reason  why  capital 
sought  investment  in  railways  was  the  expectancy 
of  a  profit  in  excess  of  interest  rates  on  public  bonds. 
Railway  profits  were  secured,  if  at  all,  as  a  result  of 
economy  of  construction  and  operation;  and  the 
levenues  were  secured  directly  from  those  who 
shipped  goods  or  themselves  traveled  by  rail.  In 
short,  each  railway  company  was  a  device  not  only 
for  transporting  men  and  "goods"  but  for  collecting 
revenues  and  disbursing  costs  and  profits.  This  last 
function  is  important,  for  upon  it  depended  the  fact 
that  capital  sought  investment  in  railway  properties. 

Turn  now  to  another  picture — the  public  highways. 
Here  there  is  no  collection  of  revenues  for  the  use 
of  the  roads  and  .streets,  .save  the  small  sums  paid  as 
taxes  on  vehicles,  and  there  is  therefore  no  distribu- 
tion of  profits.  Consequently  there  is  no  direct  meas- 
ure of  the  total  economy  effected  by  the  existence  of 
highways.  But,  to  make  a  bad  matter  worse,  the 
highways  are  not  paid  for  by  those  who  use  them, 
except  in  small  part  and  then  indirectly.  Without  a 
measure  of  the  real  worth  of  good  road?  is  it  to  be 
wondered  that  road  improvement  has  never  kept  pace 


with  railway  development?  What  would  American 
lailways  be  today  had  there  been  no  direct  revenue 
from  their  use,  and  had  the  raising  of  capital  for  their 
construction  and  maintenance  been  effected  solely 
by  taxing  the  real  estate  contiguous  to  the  railways? 

It  is  certainly  good  economics  to  make  everj'  pub- 
lic utility  self-supporting,  if  practicable.  The  users 
of  city  water  pay  for  it  as  they  use  it,  and  abutting 
property  is  not  ordinarily  taxed  to  secure  capital  with 
which  to  build  water  works  additions  and  improve- 
ments. 

Private  toll  roads  were  operated  so  as  to  make  the 
users  pay  for  their  use,  but  with  the  purchase  of  such 
roads  by  the  public  the  toll  system  was  abolished.  It 
may  w-ell  be  questioned  whether  the  toll  system  should 
not  be  revived.  Certainly  there  can  be  little  doubt 
that  a  "wheel  tax"  should  be  placed  on  all  vehicles 
in  amount  sufficient  to  maintain  the  highways  once 
they  are  built;  and  the  belief  is  growing  that  the 
"wheel  tax"  should  also  provide  at  least  part  of  the 
interest  on  the  investment  in  the  highways. 

It  is  contended  that  public  highways  should  be 
free.  There  is  a  charm  in  that  word  "free,"  but  it  is 
a  charm  that  conceals  many  an  economic  mistake.  It 
has  led  to  the  fallacy  of  not  metering  city  water,  "be- 
cause water  should  be  nearly  as  free  as  nature  made 
it."  Now,  no  public  plant  of  any  kind,  water  works 
or  highways,  is  secured  without  cost.  So  the  ques- 
tion is  not  one  of  entire  freedom  from  cost  but  of 
freedom  from  payment  directly  by  those  who  use  it. 

We  believe  that  if  public  highways  had  not  been 
free  to  the  users,  but  if  adequate  wheel  taxes  had 
existed  in  all  cases  and  tolls  in  some  cases,  our  roads 
and  streets  would  today  be  comparable  with  our  rail- 
ways in  point  of  general  development  and  excel- 
lence. An  uneconomic  and  unjust  system  of  taxation 
for  road  and  street  improvement  and  maintenance 
accounts  for  the  fact  that  barely  10  per  .cent  of  our 
country  roads  and  40  per  cent  of  our  city  streets  and 
alleys  are  paved. 

Let  us  not  delude  ourselves  into  thinking  that  in 
the  past  few  years  we  have  made  great  progress  in 
mad  improvement.    We  have  scarcely  begun  to  make 


(1) 


ENGIXEERL\G    AND    CONTRACTING 


Vol.  50,  No.  1. 


up  for  our  almost  complete  lack  of  highway  develop- 
ment during  the  last  centurj'. 


Day  Labor  vs.   Cost   Plus  a  Fee 

Contract  for  County  Road 

Construction 

In  normal  times  counties  do  a  large  part  of  their 
road  work  by  day  labor.  About  half  the  counties 
build  all  earth,  gravel  and  macadam  roads  by  day 
labor.  On  the  other  hand,  nearly  all  county  con- 
crete and  brick  roads  have  been  built  by  contract. 
War  conditions  are  causing  counties  to  do  propor- 
tionately more  work  by  day  labor,  so  that  it  is  likely 
that  hereafter  more  counties  will  lay  concrete,  asphalt 
and  brick  pavements  by  day  labor  than  heretofore. 

It  is  not  unlikely,  however,  that  some  form  of  cost 
plus  a  fee  contract  will  come  into  extensive  use  for 
county  road  work;  for,  under  such  a  contract,  skilled 
construction  management  can  be  secured  and  at  the 
same  time  a  road  building  plant  can  be  hired 
from  the  contractor.  Moreover,  workmen  are 
not  so  apt  to  "loaf"  when  working  under  a  con- 
tractor as  when  working  directly  for  the  county. 
If  the  contractor's  "fee"  is  on  a  sliding  scale,  in- 
creasing if  the  work  is  efficiently  managed  and  de- 
creasing if  it  is  not,  nearly  all  the  economic  advan- 
tages of  the  old  form  of  unit  price  contract  can  be 
secured. 

Road  contracting  is  hazardous  any  time,  and  more 
so  during  such  times  as  these.  Hence  there  is  a 
growing  tendency  among  civil  engineers  to  favor 
cost  plus  a  fee  contracts  for  road  work.  Often  there 
are  laws  that  do  not  provide  for  that  form  of  con- 
tract. In  such  cases  engineers  should  take  steps  to 
secure  amendments  to  the  laws  as  quickly  as  possible. 


What  the  City  Managers'  Associa- 
tion Is  Doing  and  Has  Done 

Engineers  who  are  interested  in  the  profession  of 
city  management  will  find  a  great  deal  of  instructive 
and  inspiring  information  in  the  Fourth  Yearbook  of 
the  City  Managers'  Association,  just  published. 

There  are  listed  in  this  year  book  121  city-man- 
ager municipalities.  The  population  of  each  city  is 
given,  also  the  name  of  its  manager  and  his  salary. 
Some  25  pages  are  devoted  to  brief  achievement  re- 
ports by  the  members  of  the  association,  and  14  pages 
contain  photographs  of  the  54  members.  The  rest  of 
the  book  contains  addresses  and  discussions  relating 
to  the  problems  that  confront  city  managers.  There 
are  many  excellent,  practical  suggestions  in  these  ad- 
dresses and   discussions. 

The  secretary-treasurer's  report  shows  that  only 
half  the  total  number  of  city  managers  have  joined 
the  association,  and  he  says:  "Comparatively  few  of 
the  managers  seem  to  have  any  conception  of  the 
value  to  them  and  their  city,  and  the  movement  for 
better  city  government,  which  this  association  holds 
out  for  them." 

This  is  one  of  those  associations  that  is  clearly  en- 
titled to  have  as  members  100  per  cent  of  all  that  are 
eligible.  Moreover,  it  should  have  the  support  of 
many  civil  engineers,  particularly  city  engineers.  We 
believe  that  a  large  number  of  non-active  members 
would  join  the  association  v/ere  an  associate  mem- 
bership made  available.  The  annual  dues  of  a  mem- 
ber are  only  $5.  Why  not  provide  for  associate  mem- 
bership  at,   say,   $1   a   year?     Engaged   in   municipal 


v/ork  there  are  thousands  of  civil  engineers,  who,  it 
seems  to  us,  would  be  glad  to  join  this  association 
not  only  in  order  to  profit  from  the  papers  pre- 
sented at  its  meetings,  but  to  learn  how  to  assist  in 
the  great  campaign  for  better  municipal  government. 
The  Fourth  Yearbook  of  the  City  Managers'  Asso- 
ciation contains  130  pages  and  may  be  secured  for 
25  ct.  from  H.  G.  Otis,  Secretary  City  Managers'  As- 
sociation, Auburn,  Me.  Copies  of  the  yearbooks  for 
each  of  the  three  preceding  years  may  be  secured  for 
15  ct.  each. 


"Fresh  From  the  Garden" 

The  average  city  resident  has  a  choice  of  two 
kinds  of  vegetables,  the  kind  that's  canned  and  the 
kind  that's  "kind  o'  wilted."  There  are  no  other  kinds 
at  present  for  the  average  city  man.  But  if  smooth, 
hard  roads  radiated  from  every  city  far  into  the 
country,  it  would  not  be  long  before  "fresh  from  the 
garden"  vegetables  would  be  the  rule  rather  than 
the  exception. 

City  readers,  listen  to  the  following,  and  renew 
your  hope  that  some  day  you  may  enjoy  radishes  with 
the  "pep"  still  in  them,  and  peas  with  the  wilt  not 
in  them. 

The  Post  Office  Department  hfis  inaugurated  two  parcel  post 
motor  tnicli  ror.tes  from  Virginia  into  Waslim^ton.  D.  C.  By  this 
means  it  is  expected  to  bring:  the  Washington  produce  consumer 
into  direct  contract  with  Virginia  farmers.  One  route  will  run 
from  Washing-ton  to  Whites  Ferrj-.  the  other  from  Washington  to 
Middleburg,  each  including  all  of  the  important  centers  and 
farms  en  route.  The  trucks  will  leave  Washington  at  11  o'clock 
every  morning,  reach  their  destination  at  2:30  in  the  afternoon 
of  the  same  day,  and  make  the  return  trip  leaving  the  Virginia 
terminus  one  hour  after  arrival.  This  will  allow  the  Washington 
householder  to  send  an  order  to  a  Virginia  farmer  by  morning 
mail  and  receive  the  desired  food  fresh  the  evening  of  the 
same  day. 

C.  R.  Wilson,  District  of  Columbia  Food  Administrator,  is 
trying  to  devise  some  means  of  insuring  the  farmer  that  he 
will  be  paid  promptly  for  his  produce  and  insure  the  produce 
buyers  that  they  will  receive  fresh  produce.  This  may  be  accom- 
plished by  a  reference  bureau  to  serve  as  a  clearing  house  for  the 
farmer  and  consumer. 

The  innovation  of  these  routes  will  be  closely  watched  by 
Washington  officials,  as  they  form  the  experimental  basis  for 
considerable  enlargement  of  the  plant  with  establishment  of  other 
routes  in  co-ordination  with  food  administrators  throughout  the 
United  States. 

Evidently  the  Post  Office  Department  is  planning 
to  use  motor  trucks  on  a  large  scale  in  its  rural  par- 
cel post  business.  But  to  do  this  economically  it  will 
be  necessary  to  provide  a  better  system  of  rural  high- 
wavs  that  now  exists  around  most  of  our  cities. 


"To  Know  How  Is  to  Succeed" 

On  an  advertising  leaflet  recently  issued  by  the  De- 
partment of  Agriculture  appeared  the  slogan,  "To 
know  how  is  to  succeed."  Perhaps  a  more  precise 
statement  would  be,  "To  succeed,  you  must  have 
knowledge."  The  possession  of  knowledge  does  not, 
of  itself,  insure  success;  for  success  depends  also  on 
energy,  persistence,  and  other  qualities,  not  to  men- 
tion "good  luck."  Nevertheless,  young  men  can  not 
be  told  too  often  that  "knowledge  is  power,"  for  most 
young  men  are  prone  to  give  up  systematic  studying 
upon  leaving  school  or  college.  That  they  do  so,  as 
a  rule,  is  itself  evidence  that  their  schooling  has  been 
defective.  Proper  schooling  not  only  makes  the  stu- 
dent keenly  conscious  of  the  practical  utility  of 
scientific  knowledge,  but  inculcates  the  habit  of  seek- 
ing knowledge. 

Go  into  any  public  library  and  observe  what  a 
very,  very  tmall   percentage   of  the   population   uses 
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any  of  its  books  at  all,  and  then  inquire  what  pro- 
portion of  the  books  so  used  are  scientifif  or  instruc- 
tive. Go  even  to  the  library  of  an  enRineering  so- 
ciety and  note  the  scattering  few  who  use  it  regularly 
as  a  tool.  After  such  visits  you  will  realize  how  non- 
studious  the  great  majority  of  men  are,  even  among 
those  that  are  presumed  to  depend  entirely  on  their 
brains  for  a  livelihood. 

The  stark  fact  is  that  very  few  men  are  habituated 
to  search  continuously  for  knowledge.  Doesn't  that 
explain  quite  satisfactorily  why  so  few  men  rise 
above  the  level  of  mediocrity?  Doesn't  it  explain  why 
uneconomic  tools  and  methods  remain  in  general  use 
years  after  much  better  tools  and  methods  have  been 
devised?  For  30  years  the  "fresno  scraper"  has  been 
in  general  use  on  the  Pacific  Coast,  in  place  of  the 
"drag  scraper,"  but  the  "fresno"  still  remains  almost 
unused  east  of  the  Mississippi,  in  spite  of  its  eco- 
nomic superiority.  When  such  a  simple  and  inex- 
pensive tool  as  the  "fresno"  is  unable  to  displace  the 
"slip."  after  more  than  a  generation  of  use,  it  is  evi- 
dent that  more  complex  and  more  expensive  devices 
must  face  even  greater  resistance  to  introduction. 
Yet  if  all  users  of  tools  and  machinery  for  earth  mov- 
ing were  merely  to  read  the  published  records  of  cost 
under  given  conditions,  scarcely  any  inferior  device 
would  remain  long  in  use.  The  inference  is  that  only 
a  small  fraction  of  the  users  of  tools  and  machinery 
study  and  analyze  published  data. 

All  men  grant  that  success  is  founded  on  knowl- 
edge, yet  few  follow  the  obvious  deduction  from  this 
generalization,  namely,  that  systematic  study  should 
continue  thrdVighout  their  lives  and  not  end  on  "com- 
mencement day"  when  diplomas  are  received. 


to  apply  ordJnar>'  methods  of  bridge  design  to  this 
problem. 

The  loose  ballast  of  a  railway  track  serves  to  dis- 
tribute over  the  soil  the  concentrated  loads  on  the 
cross-ties,  by  what  may  be  called  the  "arch  action" 
of  the  fragments  of  stone.  But  this  is  not  the  sort 
of  an  arch  which  Mr.  Kichardson  has  in  mind.  Mac- 
adam and  gravel  pavements  have  an  arch  action  very 
much  like  railway  ballast;  and  if  the  "binder"  is 
strong  there  is  also  a  beam  action.  In  concrete  the 
beam  action  is  considerable,  but  it  has  never  been 
proved  to  be  predominant. 


To  What  Extent  Does  a  Pavement 
Act  as  Arch? 

Clifford  Richardson,  Consulting  Engineer,  in  dis- 
cussing the  Progress  Report  of  the  Special  Commit- 
tee for  Road  Construction  of  the  American  Society  of 
Civil   Engineers,   said: 

It  is  stated  that  a  thicknes.*  of  from  5  In.  to  S  in.  may  be  con- 
sidered sufficient  for  a  concrete  slab,  and  If  It  seems  advisable 
for  methods  of  economy,  the  thickness  may  be  diminished  from 
the  center  of  the  slab  to  the  edges. 

In  the  writers  opinion,  this  Is  extremely  bad  practice.  A 
concrete  pavement  should  be  considered  as  an  arch,  and  that 
portion  cf  its  abutments  should  be  thicker  than  at  the  center. 
The  many  longitudinal  cracks  which  occur  in  concrete  surfaces 
appear  to  the  writer  to  be  due  to  the  fact  that  such  surfaces 
have  not  sufficient  lateral  support  when  any  settlement  occurs  in 
the  sub-soil  foundation.  A  concrete  pavement  or  road  surface 
should  be  built  on  the  principle  of  bridge  design,  as  it  is  really  h 
bridge  over  h  sub-?oil. 

In  our  issues  of  Dec.  5,  1917  and  Feb.  6,  1918,  we 
have  expressed  a  similar  objection  to  reducing  the 
thickness  of  a  pavement  toward  its  edges.  Mr.  Rich- 
ardson evidently  had  in  mind  a  wide  pavement  on  a 
city  street,  whereas  the  Special  Committee  had  in 
mind  a  relatively  narrow  pavement  on  a  country  road. 
Only  on  a  wide  pavement  would  the  arch  action  be  of 
sufficient  importance  to  merit  consideration,  and  even 
there  it  would  probably  play  a  relatively  small  part 
becau.se  the  arch  is  so  flat.  Furthermore,  an  arch 
without  rigid  abutments  could  not  be  counted  on  to 
sustain  a  load  with  safety. 

Is  "a  concrete  pavement  or  road  surface  really  a 
bridge  over  a  subsoil"?  Yes,  but  it  is  not  one  type 
of  a  bridge.  It  is  both  a  beam  and  an  arch,  but  it 
differs  from  an  ordinary  bridge  in  that  it  is  supported 
by  a  continuous  abutment,  or  series  of  abutments, 
namely,   the    subsoil.     Therefore   it   is    impracticable 


Tests  of  Power  Conserved  by  Elec- 
tric Trucks,  Showing  the  Econ- 
omy of  Hard,  Smooth  Roads 

An  electric  motor  truck  can  be  elTectively  used  to 
demonstrate  the  economy  of  good  roads,  for  accurate 
measurements  can  be  made  of  the  power  required  to 
drive  the  truck  over  any  kind  of  road  surface.  Some 
rather  startling  results  have  already  been  secured 
by  such  tests.  For  example,  a  General  Vehicle  .5-ton 
electric  truck  made  a  run  in  March  from  New  York 
to  Washington,  D.  C,  and  on  one  12-mile  stretch,  be- 
tween Wilmington  and  Newark,  Del.,  used  20  amperes 
of  current  per  mile.  On  city  streets  the  same  truck 
used  9  amperes  per  mile. 

On  this  basis  a  5-ton  gasoline  truck  would  consume 
about  G.5  ct.  worth  of  gasoline  per  mile  of  city  street 
and  14.5  ct.  per  mile  of  road  like  that  between  Wil- 
mington and  Newark,  Del.  Hence  a  day's  run  of  100 
miles  would  cost  $8  more  over  a  poor  road  than  over 
a  good  one,  for  gasoline  alone.  What  would  be  the 
added  cost  of  tires  and  repairs  no  one  knows,  but, 
without  doubt,  it  would  total  a  good  many  dollars 
daily.  Tests  should  be  made  to  determine  the  effect 
of  poor  highways  on  repair  and  tire  expense. 


Fine  vs.  Coarse  Sand  for  Pavement  Grout 

The  construction  of  two  sections  of  brick  highway 
in  New  York  state  under  identical  conditions  afforded 
a  chance  to  compare  the  qualities  of  sands  used  in  the 
cement  grout.  On  one  section  the  sand  used  was  fine, 
sharp  and  gray,  87  per  cent  passing  a  20-mesh  sieve 
and  39  per  cent  passing  a  50-mesh  sieve.  For  the 
other  section  the  sand  was  coarse  and  sharp,  28  per 
cent  passing  a  20-mesh  sieve  and  6  per  cent  passing  a 
.50-mesh.  The  voids  and  loam  contents  were  as  fol- 
lows: Fine  sand,  36  per  cent  voids,  5.2  per  cent  loam; 
coarse  sand,  30.4  per  cent  voids,  4.8  per  cent  loam. 
The  coarse  sand  was  accepted  by  the  state  highway 
laboratory  for  all  classes  of  concrete,  while  the  other 
sand  was  reported  as  too  fine  for  concrete  but  was  ac- 
cepted for  grout.  On  the  road  where  the  fine  sand 
was  used  traffic  and  other  causes  have  removed  small 
patches  and  occasional  strips  of  surface  grout.  No 
such  trouble  has  occurred  on  the  road  where  the  coarse 
sand  was  used  in  the  grout. 


To  Determine  internal  Wear  on  .Macadam. — An  in- 
teresting plan  for  obtaining  data  on  the  internal  wear 
of  a  macadam  road  is  to  be  tried  out  by  the  Mar>land 
Roads  Commission.  A  section  of  highway  is  to  be 
built  and  each  item  of  material  entering  into  the 
construction  will  be  weighed.  After  a  year's  use  the 
road  will  be  taken  up  and  the  material  re-weighed, 
thus  showing  loss  in   weight. 
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Notes  on  Highway  Design:   Sub- 
grades 

By  J.  L.  HARRISON. 

Highway  subgrades  are  an  evolution.  The  farmers 
used  to  "turnpike"  their  roads  by  digging  out  the 
ditches  and  throwing  the  material  so  secured  onto  the 
traveled  way.  To  somewhat  improve  conditions  they 
sometimes  also  cut  off  the  tops  of  the  hills  to  fill  the 
low  places.  This  was  of  some  advantage,  for  it  short- 
ened the  grades,  if  it  did  nothing  else.  Most  of  this 
work  was,  however,  done  without  any  engineering  su- 
pervision and  so  was  somewhat  lacking  in  effective- 
ness, but  served  to  create  the  impression  that  a  high- 
way must  be  raised  at  least  a  little  above  the  sur- 
rounding country. 

In  the  meantime  the  railroads  of  the  country  were 
being  constructed  and,  as  the  nature  of  their  motive 
power  prevented  the  use  of  steep  grades,  it  became 
customary  to  dig  deep  cuts  and  to  pile  up  high  fills 
in  order  to  maintain  a  gradient  which  was  within  the 
possibilities  of  the  railroad  motive  units.  This  fur- 
ther accustomed  people  to  the  graded  traveled  way 
and  accentuated  the  idea  that  a  highway  must  be  raised 
above  the  surrounding  land — in  other  words,  must 
have  a  raised  subgrade.  So  it  has  come  to  be  an  ac- 
cepted fact  that  a  road  must  have  a  raised  subgrade, 
though,  so  far  as  one  can  judge  from  the  literature  on 
this  sub.]ect,  no  one  knows  much  of  anything  about 
why  such  a  subgrade  is  used,  how  high  it  ought  to  be 
built,  or  when  or  whether  it  may  sometimes  be  omit- 
tel.  Yet  if  the  designing  of  highways  is  ever  to  be- 
come other  than  the  sort  of  rule  of  thumb  procedure 
which  it  is  now — the  construction  of  a  certain  type  of 
surfacing  of  a  certain  thickness  in  the  hope  that  it 
will  hold  up  under  the  traffic — the  subgrade  must  come 
in  for  careful  examination  and  thorough  study. 

Wrong  Assumptions  as  to  Strength  of  Subgrades. — 
As  matters  now  stand,  highway  engineers  make  as- 
sumptions as  to  the  strength  of  subgrades  which  no 
other  class  of  engineers  would  make  in  regard  to  any 
surface  stratum  except  rock.  Thus,  assume  a  modern 
macadam  road  6  in.  thick.  Also  assume  an  ordinary 
5-ton  truck.  Under  very  ordinary  overload  the  gross 
weight  of  truck  and  vehicle  will  be  10  tons,  of  which 
as  much  as  7  tons  may  rest  on  the  rear  wheels.  Such 
trucks  run  at  a  high  rate  of  speed — often  15  or  more 
miles  per  hour — and  in  passing  over  irregularities  in 
the  surface  of  the  road  impact  results  which  may  be 
assumed  to  generate  stresses  of  at  least  four  or  five 
times  the  dead  load  stress.  It  would  seem,  then,  that 
it  is  a  fair  assumption  that  impact  stresses  amount- 
ing to  15  tons  may  frequently  be  generated  under  the 
rear  wheels  of  such  a  truck  when  it  is  passing  over  a 
somewhat  irregular  surface. 

Such  trucks  are  variously  tired,  but  assuming  an 
area  of  contact  between  truck  wheel  and  road  surface 
2  in.  wide  and  10  in.  long,  and  a  spreading  out  of  the 
load  at  an  angle  of  45°,  it  develops  that  the  load  is  de- 
livered to  about  297  sq.  in.,  or  a  trifle  over  2  sq.  ft.  of 
subgrade.  (As  a  matter  of  fact,  the  experiments  of 
the  Office  of  Public  Roads  and  Rural  Engineering  in- 
dicate that  the  area  is  even  less  than  this.)  This  is 
equivalent  to  no  less  than  TYz  tons  to  the  square  foot, 
a  load  which  a  structural  engineer  would  hesitate  to 
impose  on  anything  but  solid  rock! 

Pavement  Failures  Often  Due  to  Overload. — This 
illustration  has  been  purposely  made  rather  extreme 
to  show  that  the  numerous  pavement  failures  of  recent 
months,  most  of  which  are  so  blithely  laid  to  "weak 


subgrades,"  "wet  subgrades,"  etc.,  are  in  reality  due 
to  overload,  and  that  calling  them  by  any  other  name 
merely  serves  to  confuse  the  issue.  It  is  true  that  sub- 
grades  are  weaker  at  some  periods  of  the  year  than 
at  others.  It  is  also  true  that  some  subgrades  will 
always  carry  heavy  loads,  while  others  are  always 
weak,  but  the  outstanding  fact  is  that  we  know  little 
or  nothing  about  what  any  subgrade  will  carry  under 
definite  and  specific  conditions,  and  still  we  are  placing 
onto  these  subgrades  loads  which  are  as  heavy  as 
should  be  imposed  on  solid  rock! 

There  is  a  gi-eat  deal  of  talk  about  remedies  for  de- 
fective subgrades,  such  as  better  drainage,  greater 
compaction,  etc.,  and  there  is  no  doubt  that  much  can 
be  done  along  these  lines,  but  why  not  face  the  prob- 
lem squarely  and  really  design  the  road  crust  as  other 
structures  are  designed? 

Pavement  Surfaces  Should  Be  Designed  as  Care- 
fully as  Any  Other  Structure. — If  a  bridge  engineer 
has  a  heavy  abutment  to  erect  he  either  drives  piles 
for  it  to  rest  on  or  spreads  the  footing  until  the  load 
is  so  distributed  over  the  stratum  on  which  the  struc- 
ture rests  that  the  unit  loading  is  well  within  the  car- 
rying capacity  of  the  stratum.  He  very  rarely  en- 
deavors to  increase  the  carrying  capacity  of  a  stratum 
by  compacting  it,  for  he  knows  that  this  is  both  a 
difficult  operation  and  one  of  doubtful  advantage. 
Neither  does  he  assume  that  the  most  favorable  con- 
ditions as  to  carrying  capacity  will  always  prevail. 
On  the  contrary,  he  assumes  that  the  unfavorable 
conditions  will  always  prevail  and  allows  a  reasonable 
factor  of  safety  to  provide  against  failure  during  such 
periods.  Finally,  he  makes  actual  tests  of  the  car- 
rying capacity  of  the  soils  with  which  he  must  deal, 
so  that  instead  of  working  entirely  in  the  dark  he  may 
at  least  have  a  fair  idea  of  what  the  real  supporting 
power  of  a  stratum  is. 

As  opposed  to  this  system  the  highway  engineer 
usually  lays  a  road  crust — which  is  in  reality  a  con- 
tinuous foundation  for  the  loads  moving  over  it — with 
an  arbitrarily  selected  thickness  which  has  been 
chosen  without  any  calculated  or  well-established  ref- 
erence to  the  loads  which  will  use  it  or  to  the  sup- 
porting power  of  the  subgrade  on  which  it  will  rest. 
In  most  instances  the  highway  engineer  who  is  re- 
sponsible for  the  selection  of  the  thickness  of  the 
road  crust  does  not  know  what  the  supporting  power 
of  the  soil  he  must  build  on  is,  nor  does  he  know  what, 
if  any,  benefit  he  will  obtain  by  using  1-ft.  or  3-ft.  or 
any  other  depth  of  fill  under  his  pavement.  More- 
over, if  concrete  base  costs  $2,000  per  inch  of  depth 
per  mile  of  18-ft.  roadway,  the  problem  naturally  arises 
as  to  whether,  say,  an  8-in.  base  laid  without  any  fill 
under  it,  or  a  6-in.  base  on  a  2-ft.  fill,  or  a  6-in.  base 
well  reinforced  but  without  any  fill  under  it,  will  be 
the  most  efficient  for  a  given  condition.  Given  data 
as  to  the  supporting  power  of  the  subgrade  on  which 
a  pavement  is  to  be  placed,  such  problems  could  be 
solved  readily  enough  in  a  designing  room  with  at 
least  as  much  accuracy  as  is  now  secured  in  the  design 
of  such  structures  as  foundations,  retaining  walls, 
etc.,  but  for  some  reason  their  actual  solution  is  never 
turned  over  to  the  designing  engineers. 

The  writer  believes  the  major  trouble  lies  in  the 
fact  that  engineers  and  engineering  periodicals  usually 
refer  to  pavement  failures  as  due  to  weak  subgrades: 
or  to  poor  drainage.  It,  of  course,  may  be  admitted 
that  there  is  some  justification  for  such  a  method  of 
expression,  but  any  such  method  of  referring  to  this 
matter  overlooks  the  fact  that  the  subgrade  is,  in  its 
very  nature,  subject  to  limitations  and  that  there  are 
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jieriods  of  the  year  when  these  limitatiuris  are  ex- 
tremely low.  If  tt  pavement  fails  hei-ause  the  carrying 
capacity  of  its  suljyrade  has  fallen  below  what  might 
reasonably  have  been  expected  of  it,  that  is  a  failure 
due  to  weak  subgrade,  but  if  it  fails,  as  hundreds  of 
miles  of  pavement  are  now  failing,  because  of  the 
enormous  truck  loads  which  are  being  run  over  them, 
it  is  a  simple  matter  of  positive  overload,  and  if  such 
failures  are  to  be  prevented  in  the  future  pavement 
surfaces  must  be  designed  just  as  carefully  as  other 
structures  are  designed. 


Results  of  Abrasion  Tests  On  Iknl 
Rock 

studies  are  now  beinjr  conducted  by  the  Depart- 
ment of  Mines  of  (,'anada  upon  the  variations  in  the 
load-making  iiualities  of  bed  rock,  boulder  angrejrates 
j'nd  gravel.  Records  of  some  of  this  work  were  given 
by  L.  Reinecke  and  K.  A.  Clark  in  a  paper  presented 
at  the  recent  meeting  of  the  American  Society  for 
Testing  Materials.  The  conclusions  drawn  from  the 
results  of  the  investigation  on  bed  rock  include  the 
toUowing: 

The  results  of  an  abrasion  test  is  liable  to  an  error 
of  0.2  per  cent  due  to  variations  caused  by  labora- 
tory procedure. 

Results  of  abrasion  tests  on  rock  in  place  in  a  de- 
posit represent,  within  a  probable  difference  of  0.4 
per  cent,  the  percentage  of  wear  that  will  be  shown 
by  a  crushed  product  produced  from  the  deposit. 

In  the  case  of  deposits  consisting  of  stone  of  a  very 
uniform  character  and  appearance,  the  results  of 
abrasion  tests  on  samples  taken  at  one  point  in  the 
deposit  can  be  regarded  as  representing  within  the 
probable  error  due  to  laboratory  manipulation,  the 
percentage  of  wear  of  the  stone  over  quite  a  consid- 
erable area,  at  least  a  quarter  of  a  square  mile. 

It  is  possible  to  assign  average  values  and  fairly 
narrow  limits  of  variation  of  this  value  for  the  per- 
centage of  wear  and  the  toughness  of  the  material  oc- 
curring in  a  limestone  formation  covering  areas  up 
to  50  and  60  .square  miles,  and  with  thicknesses  up 
to  500  ft.,  even  though  stone  of  quite  different  char- 
acter is  included  in  the  formation.  These  values  and 
limits  will  apply  to  the  majority  of  results  of  tests 
made  on  samples  collected  throughout  the  formation 
and  its  various  horizons. 

These  limits  should  define  the  ma.\imum  variation 
of  the  results  of  abrasion  and  toughness  tests  made 
on  samples  collected  from  a  quarry  in  a  limestone  for- 
mation to  represent  the  material  produced  from  the 
quarry  as  operations  are  e.xtended  from  year  to  year. 
They  should  assist  in  determining  at  what  intervals 
part  vertically  and  horizontally  it  is  necessary  to 
sample  formations  consisting  mainly  of  limestone  or 
dolomite  in  order  to  arrive  at  their  average  percent- 
age of  wear  and  toughness  values,  and  variations 
from  such  values. 

The  results  of  abrasion  and  toughness  tests  over  a 
series  of  diabase  dykes  of  the  same  age  and  structure 
reveal  very  uniform  results  in  deposits  of  the  same 
grain.  A  change  in  grain  affects  the  toughness  value 
slightly.  The  number  of  samples  taken  in  dykes  of 
this  character  need  therefore  not  be  great  even  though 
they  cover  large  areas,  if  structural  conditions  and 
the  texture  and  degree  of  alteration  of  the  stone  re- 
main the  same. 


eaHtern  Ktreet  railway  company  for  removing  from 
the  tracks  the  glaie  of  ice  re.sulting  from  a  heavy 
tileet  .storm.  The  scarifier  wa.s  drawn  along  the  track 
by  an  old  car.    It  is  staled  that  fully   100  men  would 

hav.'  bvt-n  ri-iiuirfi!  to  dn  the  <:imp  work. 

TriK  lor-.Si  rapcr  Outfit    on  Street 
and  Sidewalk  (iradin^ 

.street  grading  f'>r  a  large  residential  (level. ipiiieiit 
near  Dayton,  ().,  was  handled  by  a  light  tractor  at- 
tached to  a  Maney  four-wheel  scraper  of  1  cu.  yd. 
capacity.  The  contractor,  Mr.  N.  E.  Redder  of  Day- 
ton, having  disposed  of  his  teams  because  of  the  pres- 
ent high  cost  of  keeping  them,  decided  on  the  use  of 
the  light  tractor  as  a  substitute  for  animals.  His 
initial  use  of  this  method  was  on  a  short  haul  of 
about  80  to  90  ft.     Only  two  men  were  used  on  this 


Light  Tractor   Loading   1   Yard   Scraper. 

part  of  the  work — the  tractor  operator  and  the 
.scraper  operator.  The  Maney  scraper,  being  self- 
loading  and  self-dumping  and  carrying  about  1  cu. 
yd.  of  dirt  to  the  load,  was  easily  handled  in  this 
manner.  On  this  work  no  plowing  was  necessary, 
as  the  direct  power  of  the  tractor  was  used  for  dig- 
ging, loading  and  hauling.  A  round  trip  was  usually 
made  in  about  2  minutes  or  at  the  rate  of  ahnut  ?>0 
yd.  an  hour.     The  cost  of  operating  was  h- 


Removing    Ice    from  Car  Tracks  with  Road  Scari- 
fier.—  .-^    road   scarifier   was   used   successfully    by   an 


Sub-graaa  <or   dmant   Sidewalk   Cut   with    Scraper. 

80  ct.  per  hour,  making  the  cost  per  cubic  yard  about 
2^4  ct. 

The  tractor  and  Maney  .scraper  were  also  used  in 
the  same  manner  for  the  rough  excavating  for  side- 
walk.s.  The  cutting  was  made  to  within  an  inch  or  so 
of  grade  and  eliminated  considerable  hand  work. 

The  tractor  used  was  a  Huber  4-cylinder  12-20 
HP.  made  by  the  Huber  Mfg.  Co.  of  Marion.  O.  The 
Maney  -l-wheel  scraper  is  made  by  the  Baker  Mfg.  Co., 
".0(3  Standford  Ave..  Springfield.  III. 
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Building  a  Bituminous  Pavement 

with  a  Concrete  Mixer  and  a 

Macadam  Roller* 

Since  1911  I  have  laid  no  pavement  other  than  the 
hot  mix  type,  and  according  to  the  requirements  used 
for  city  pavement,  sheet  asphalt  where  grade  was  flat 
on  concrete  base,  varying  from  5  to  10  in.  thick,  ac- 
cording to  the  amount  and  class  of  traflSc.  On  the 
same  grade  I  have  used  the  asphaltic  concrete  (To- 
peka  mix)  on  concrete  base,  which  requires  4  per  cent 
to  5  per  cent  less  asphaltic  cement  than  sheet  asphalt, 
and  therefore  is  lower  in  initial  cost.  On  grades 
upward  of  5  per  cent  it  is  necessary  that  larger  stone 
should  be  employed  in  the  aggregate.  This  can  only 
be  done  with  the  consent,  and  under  the  Warren 
Brothers'  patent,  covering  bitulithic  and  Warrenite 
pavement. 

These  pavements  all  entail  a  costly  and  immobile 
plant  and  considerable  area  to  carry  out  the  work  of 
preparation  of  paving  materials,  and  I  propose  to  deal 
with  the  construction  method  that  may  be  used  to  con- 
struct a  fairly  well-proportioned  and  thoroughly  mixed 
pavement  that  will  carry  any  class  of  traffic,  and  be 
constructed  as  continuously  as  any  other  type,  and  re- 
gardless of  water  supply,  by  machinery  of  low  cost, 
and  mobile,  viz.,  the  ordinary  concrete  mixer  with  the 
heating  attachment,  traction  wheel  and  distribution 
arm,  that  can  be  obtained  from  the  many  manufac- 
turers of  contractors'  plant.  After  the  base  has  been 
prepared  in  the  manner  decided  upon,  and  ready  to  re- 
ceive the  wearing  surface,  the  machine  can  be  placed 
on  the  traveled  way  or  pavement  area  and  the  mate- 
rial distributed  along  the  line  of  work.  It  is  prefer- 
able, however,  if  there  is  space  available  on  the  side 
of  roadway,  to  place  the  machine  there  and  protect  the 
base,  the  construction  to  be  carried  out  as  follows: 

Mixing  with  a  Concrete  Mixer. — Stone  aggregate  to 
be  of  a  size  that  will  pass  a  2V2-in.  ring  and  retained 
by  a  11'2-in.  ring,  to  be  placed  in  the  mixing  drum  and 
the  hot  blast  applied.  When  the  stone  is  heated  to  a 
temperature  of  approximately  250°  F.  the  asphaltic 
binder,  previously  heated  in  a  portable  heater  to  a 
temperature  of  not  less  than  200  and  not  more  than 
275°  F.,  is  then  added  to  the  already  heated  stone,  the 
quantity  to  be  within  the  limits  of  12  per  cent  to  13 
per  cent  by  weight  of  the  total  quanttiy  of  stone  in 
the  mix. 

A  standard  mixer  of  %-yd.  capacity  will  turn  out 
800  to  1,000  cu.  yd.  per  day,  or  200  yd.  of  16-ft.  road- 
way per  day,  and  can  be  operated  either  by  steam  or 
gasoline  power  and  the  heater  be  provided  with  crude 
oil  burners.  The  traction  attachment  makes  it  pos- 
sible to  eliminate  considerable  haulage  delay,  and  the 
machine  can  be  kept  always  alongside  the  work  being 
laid. 

Laying. — When  the  stone  is  thoroughly  coated,  the 
batch  should  be  emptied  as  soon  as  possible  and  car- 
ried by  the  distribution  arm,  or  any  other  means  con- 
venient to  use,  to  the  dumping  platform,  if  macadam 
base  is  used;  if  concrete  base,  on  the  base,  within 
spading  distance  of  the  laying  point,  the  mixture  to 
be  laid  either  by  spade  or  fork,  level,  and  even  to  a 
depth  of  3  in.,  loose,  and  well  packed  into  position. 

Rolling  with  a  Macadam  Roller. — When  slightly 
cooled  off,  the  rolling  by  a  12-ton  macadam  roller  fol- 
lows, care  to  be  taken  that  the  line  and  camber  is 
maintained.     Any  hollow  spots  must  be  immediately 

•From  a  paper  presented  at  the  5th  Canadian  Good  Roads 
Congress  by  E.  A.  Drinkwater,  Municipal  and  Highway  Engi- 
neer,   St.    IJimljert,    Que. 


leveled  up  during  the  rolling,  and  the  roller  kept  mov- 
ing until  the  paving  is  thoroughly  compacted.  When 
this  is  done,  and  before  the  pavement  is  cooled,  the 
mix  in  the  machine  should  be  changed. 

The  Surface  Coat. — And  a  mixture  of  three  parts  of 
stone,  one  part  of  rough  sand,  heated  as  the  stone,  and 
mixed  with  12  per  cent  to  13  per  cent  asphalt  cement, 
heated  to  the  temperature  of  not  less  than  225°  or 
over  275°  F.  and  the  stone  and  sand  to  be  thoroughly 
coated.  When  the  mixing  is  completed,  a  surface 
treatment  is  given  to  the  already  laid  and  still  warm 
pavement  to  a  depth  evenly  laid  of  approximately 
^2  to  3j^  in.  in  thickness,  and  as  soon  as  laid  the 
roller  started  again,  to  drive  this  coat  into  the  voids 
that  may  exist  between  the  previously  laid  stone;  and 
here  care  should  be  taken  to  watch  that  any  parts 
of  the  surface  needing  extra  material  should  receive 
it  during  the  first  rolling,  when  it  will  manifest  it- 
self. When  sufficiently  rolled,  the  whole  pavement 
should  be  then  just  covered  with  a  coat  of  warm 
stone  chip  of  ^4  in.  down,  and  as  soon  as  cooled  off 
the  pavement  may  be  used  for  traffic. 

Any  well-known  brand  that  will  fulfill  the  stand- 
and  specification  requirements,  of  a  penetration  of 
from  60  to  90  at  77°  F.  will  be  satisfactory  material 
to  use  for  this  class  of  work. 

I  find  the  asphaltic  cement  binder  a  satisfactory 
material  to  use,  due  to  the  fact  that  its  natural  duc- 
tility allows  ample  time  for  compacting  before  set- 
ting up.  It  is  less  subject  to  variation  of  tempera- 
ture than  any  other  material,  and  climatic  changes 
have  no  effect.  In  spring  and  fall  it  does  not  get  ex- 
cessively hard  and  slippery,  and  in  summer  the  heat 
does  not  have  any  appreciable  effect,  and  at  all  times 
will  it  carry  any  load  that  the  foundation  will  carry. 
It  will  give  good  service,  is  easy  to  repair,  and  is  low 
in  maintenance  cost. 


Spare  Tower  Hopper   for   Car    Unloader 

Where  aggregate  is  used  direct  from  the  cars  to  the 
mixer,  unnecessary  handling  can  be  eliminated  and 
the  number  of  men  required  reduced  by  hanging  to 
the  side  of  the  car  a  standard  steel  tower  hopper, 
states  Mr.  Glen  H.  Thompson  in  Concrete.  The  hop- 
per serves  as  a  reservoir,  into  which  four  men  can 
shovel  while  one  man  operates  the  sliding  gate  at  the 
bottom  and  changes  the  wheelbarrows  as  they  come 
up.  A  hopper  can  of  course  be  built  of  wood  for  the 
same  purpose  if  the  steel  hopper  is  not  at  hand.  The 
hopper  should  be  hung  with  hooks  in  such  a  way  that 
it  can  be  slid  along  the  side  of  the  car,  so  as  at  all 
times  to  have  the  shovelers  close  to  their  work. 

Comparison  between  this  method  of  unloading  and 
the  old  way,  where  the  cars  were  unloaded  to  the 
ground  and  the  material  reshoveleld  into  the  wheel- 
barrow, is  as  follows: 

OLD  WAY   (1V4   OR  2:3:5  jnX). 

Hours. 

I'nloading"  one  car  rock,  14  men  28 

Sand,  14  men  10% 

Rock,  5  wheelers   22>^ 

Rock,   5    leaders    .- 22% 

Sand,    3   wheelers    13% 

Sand,   3   loaders   13% 

Total    110% 

Requires  the  use  of  16  No.  2  shovels. 
Some  material  wasted. 

NEW  W'AY. 

Hours. 

Rock,  5  wheelers   22% 

5    men  unloading  rock    22% 

3  men  wheeling  sand   13%- 

3   men  unloading  sand    13% 

Total    71 

Requires  the  use  of  6  No.  2  shovels. 
No  spoiled  material  left. 
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Separated  Creosoted  Wood  Block 

Pavements  Laid  Directly  L  pon 

(Concrete    Foundation  With 

a     Bitiiininoiis     (loatin^ 

CJushion  and  Filler 

By  FRANK  W.  (HKKRlNGTON. 

Cliicl     Engineer     The    Jenni>un-\\  right    to. 

A  few  years  ago  it  would  have  beeh  considered  ab- 
solutely impractical  to  specify  a  creosoted  wood  block 
pavement  to  be  installed  with  four  sides  of  the  block 
and  the  bottom  thorou^'hly  and  efficiently  sealed 
against  the  possible  absorption  of  moisture.  With 
the  advent  of  practical  means  and  methods  of  sep- 
arating the  individual  units  of  the  pavement  uni- 
formly, so  that  the  filler  may  penetrate  the  full  depth 
of  the  block  on  all  sides,  and  economic  methods  of 
bringing  the  concrete  to  a  smooth  finish,  this  long- 
sought  permanence  and  rigidity  of  construction  has 
been  made  possible. 

The  disturbance  of  the  contour  of  the  finished 
pavement  through  the  shifting  of  the  sand  or  mor- 
tar cushion,  together  with  the  absorption  of  moist- 
ure from  pockets  forming  in  such  cushions,  have  long 
been  inherent  defects  of  wood  block  construction.  The 
elimination  of  the  cushion,  the  substitution  of  a  pitch 
paint  coating,  the  floating  of  the  concrete  to  a  smooth 
finish,  the  use  of  uniformly  separated  blocks,  and  the 
application  of  a  high  melting  point  pitch  filler  have 
rrade  it  possible  not  only  to  effectively  seal  the  bot- 
tom of  the  blocks,  but  all  sides,  as  well. 

The  practice  of  installing  creosoted  blocks  directly 
upon  a  smoothly  finished  concrete  foundation  has  been 
used  on  a  large  scale  for  many  years  abroad,  both 
with  and  without  the  bituminous  coating  as  a  cush- 
ion. Blocks  were  first  laid  in  this  country  directly 
upon  the  concrete  with  a  coating  of  pitch  6  or  7  years 
ago  in  a  small  Minnesota  municipality.  Several  years 
ago  the  cities  of  Chicago,  Pittsburgh,  St.  Louis  and 
ethers  installed  blocks  in  this  manner  under  heavy 
traffic  conditif)ns,  and  the  results  have  been  so  satis- 
factory that  the  city  of  Detroit  after  e.\tensive  inves- 
tigation, is  now  using  on  a  large  scale  the  bituminous 
coating  cushion  with  distinct  Fuccess.  This  year  it 
will  also  be  extensively  used,  '  ith  separated  wood 
block  pavements,  in  Milwaukee,  Wis.,  Cleveland,  0., 
and  Newport,  Ky. 

During  the  summer  of  1917  the  city  of  Toledo 
adopted  this  specification  for  the  installation  of  ap- 
pro.ximately  25,000  yd.  of  separated  wood  block  con- 
struction on  streets  with  and  without  car  tracks,  and 
for  paving  between  the  rails. 

The  concrete  was  brought  to  a  true  and  even  sur- 
face and  then  floated  with  a  light  metal  concrete 
roller.  After  permitting  the  concrete  to  dry  out  for 
.5  days,  the  surface  was  given  a  paint  coating  of  coal 
tar  pitch  with  a  melting  point  of  about  1-10  F.  After 
hardening,  the  blocks  were  then  laid  directly  upon 
this  coating  and  the  joints  between  the  blocks  filled 
with  hot  pitch  to  within  about  one-third  of  the  dis- 
tance to  the  surface.  The  filler  was  squeegeed  over 
the  surface  of  the  blocks  while  very  hot,  care  being 
taken  to  see  that  a  minimum  (juantity  or  a  very  thin 
film  remained  upon  the  surface  of  the  pavement. 
With  one  application  the  joints  may  be  filled  flush 
with  the  pavement  surface  and  as  the  pitch  cools  a 
space  of  about  1  in.  will  be  left  in  the  upper  portion 
of  the  joints.    The  balance  of  the  interstices  between 


the  blocks  are  then  filled  with  dry  sand.  The  prea- 
ence  of  the  sand  in  the  upper  purtionH  of  the  inter- 
^t!ii'-    is    to   counteract    the    obnoxi'  '  f 

!    ■     I    '    h    between    the   block.t   to   ti 
lM\>:i;.nt   in   hot  weather.     The  coi  :'  ,      . 

tiion  uf  pitch  18  MO  high  that  unless  this  precaution 
is  taken  in  hot  weather  the  pitch  will  be  exuded  in 
large  quantities  to  the  surface  of  the  street.  With 
the  sand  in  the  upper  p<irtiou  of  the  inter.-*tices,  in- 
stead of  pitch  being  exuded,  sand  only  will  be  forced 
out  on  to  the  surface  of  the  pavement. 

In  the  street  car  tracks  and  dunmiy,  instead  of  plac- 
ing a  crown  in  the  pavement,  the  ordinary  construc- 
tion was  reversed,  the  surface  being  concaved  instead 
of  convexed  and  track  drips  placed  at  intervals  of 
about  one  city  block  or  approximately  from 
300  to  -JOO  ft.  The  theory  of  track  construc- 
tion of  this  character  is  that  the  crown  in 
the  street  car  tracks  throws  the  water  to 
the  rail  and  it  eventually  seeps  under  the  pavement 
with  subse(|uent  damage.  The  concave  surface  be- 
tween car  tracks  will  throw  the  water  to  the  center, 
where  it  is  carried  to  the  track  drips  and  thence  to 
the  sewer.  Last  summer  the  area  between  the  tracks 
was  concaved  about  1  in.,  but  this  year  will  be  in- 
creased to  about  I'l;  in.  This  construction  for  car 
tracks  is  only  satisfactory,  of  course,  where  there  is  a 
sufficient  grade  to  enable  the  water  to  flow  as  it  would 
be  of  no  use  on  streets  where  there  is  no  appreciable 
grades. 

The  pavements  installed  directly  on  .smoothly  fin- 
ished concrete  with  bituminous  cushion  in  Toledo 
have  been  watched  very  closely,  and  although  the 
past  winter  was  one  of  unsual  severity  they  came 
through  in  almost  perfect  condition. 

The  cost  of  this  type  of  construction  is  less  if  any- 
thing than  the  mortar  bed.  The  floating  of  the  con- 
crete to  a  true  surface  is  a  very  simple  and  economical 
operation.  The  paint  coat  of  pitch  is  inexpensive,  re- 
quiring approximately  '^  gal.  of  pitch  per  square  yard 
of  surface. 

There  is  also  a  distinct  economy  in  labor  as  well 
as  a  decided  saving  in  the  materials  necessary  for  in- 
stalling the  blocks  with  this  method  in  comparison 
to  installation  over  a  mortar  cushion. 

It  has  been  found  that  coal  tar  pitch  both  as  a  coat- 
ing and  filler  gives  much  better  .ser%ice  than  asphalt. 
The  pitch  adheres  more  tenaciously  to  the  concrete 
foundation  with  one  application  than  the  asphalt, 
consequently  blocks  will  be  held  more  rigidly  and 
firmly  in  position.  Asphalt  poured  over  concrete  as 
a  bituminous  coating  with  the  blocks  imbedded  in 
same,  may  very  easily  be  lifted  in  whole  sections 
from  the  foundation,  while  if  pitch  is  used,  it  requires 
about  150  lb.  per  square  inch  to  pull  the  blocks  free 
from  the  concrete  foundation.  Asphalt  may  only  be 
used  successfully  if  a  paint  coat  of  lijrht  oil  is  first 
given  the  concrete  before  the  application  of  the  cush- 
ion coat. 


Tractor  Hauls  Machine  Broom  for  Sweeping  I{oad 
Preparatory  to  Oiling.  .\  machine  broom  street 
swccpir  drawn  by  ii  tractor  is  employed  with  great 
effectiveness  by  the  Street  Department  of  Worcester, 
Mass.,  in  preparing  road  surfaces  for  the  application 
of  light  tar  and  road  oils.  The  sweeper  is  equipped 
with  a  sprinkling  device  which  keeps  down  the  dust. 
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Hint  for  Starting  Heavily  I^oaded  Trailer  Trains.    - 

By  placing  a  tr.ictor  at  right  angles  to  its  loaded 
trailer  train  it  is  possible  to  start  much  heavier  loads 
than  by  the  ordinary  straight  pull. 
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Granite  Block  Between  Street  Car 

Tracks  Using  Cement  Mortar 

Cushion 

Three  classes  of  street  railway  track  paving  are 
employed  at  Toronto,  Ont.  The  best  results  to  date, 
however,  seem  to  have  been  secured  by  granite  blocks, 
laid  with  close  joints  on  a  mortar  cushion,  and  a 
creosoted  wood  block  filler  for  the  hollow  of  the  rail. 
This  type  of  construction  is  described  by  Murray 
Alexander  Stewart,  Roadway  Engineer,  Toronto  De- 
partment of  Works,  in  a  recent  issue  of  The  Cana- 
dian Engineer,  to  which  we  are  indebted  for  the  mat- 
ter in  this  article. 

In  carrying  out  the  construction  of  granite  block 
track  paving  on  a  street  where  an  old  track  allowance 


and  sufficiently  dried  out  to  permit  the  work  to  be 
proceeded  with,  the  cushion  course  is  placed. 

The  latest  work  which  we  have  done  provides  that 
this  cushion  shall  be  either  of  a  dry  mortar  mixed  in 
1  to  4  proportions,  or  concrete  consisting  of  1:3:6 
mixture,  the  stone  constituent  of  which  is  %-in. 
stone.  Upon  this  cushion,  which,  if  of  mortar,  must 
be  dampened  immediately,  the  granite  blocks  are 
laid  and  brought  to  a  true  surface  by  pounding,  after 
which  the  grouting  is  immediately  applied  a  sufficient 
number  of  times  to  insure  that  the  joints  are  thor- 
oughly full.  The  grouting  consists  of  1  to  1  mixture, 
and  is  mixed  in  an  enclosed  box  and  constantly  agi- 
tated. It  is  applied  to  the  pavement  by  means  of 
scoop  shovels. 

The  work  is  allowed  to  stand  for  at  least  two  weeks 
before  cars  are  permitted  to  operate  over  it.  Then  the 
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Granite    Block   With   7-in.   Girder   Rail,   1915  Construction. 


had  existed  before,  the  first  procedure,  according  to 
present  practice  in  Toronto,  is  to  lay  a  temporary 
track  at  one  side  of  the  old  structure,  for  such  a  length 
as  may  be  convenient,  connecting  with  the  nearer  old 
track  by  means  of  turn-outs. 

Prior  to  1912  all  reconstruction  work  was  carried 
on  while  the  cars  were  operating  over  the  line,  and 
it  was  therefore  impossible  to  obtain  the  best  results. 
In  1912  arrangements  were  made  with  the  railway 
company  whereby  the  city  was  allowed  to  build  a  tem- 
porary track,  with  turnouts  at  each  end,  on  every  job. 

The  traffic  is  turned  onto  the  temporary  track,  and 
the  section  of  the  old  track,  which  is  thus  relieved 
from  traffic,  is  removed.  The  execavation  for  the  new 
track  is  then  made  to  a  depth  of  15  in.  beneath  the 
bottom  of  the  rail,  or,  in  the  case  of  a  7-in.  girder 
rail  being  used,  to  a  depth  of  22  in.  below  the  grade. 
As  soon  as  the  sub-grade  has  been  properly  prepared, 
the  new  steel,  ties  and  blocks  are  placed,  the  ties  al- 
ternating with  the  beveled  blocks  at  4-ft.  centers. 
After  the  rails  have  been  securely  spiked  to  the  ties, 
the  whole  structure  is  blocked  up  and  the  rail  properly 
lined  and  topped. 

Concrete  of  1:3:6  proportions  is  then  placed  for 
the  entire  width  of  a  single  track  and  one-half  the 
width  of  the  devil  strip,  for  a  depth  of  9  in.,  the  sur- 
face of  the  concrete  being  in  contact  with  the  bot- 
tom of  the  ties.  After  the  concrete  has  set  to  some 
extent,  but  before  it  has  thoroughly  dried,  the  second 
course  of  concrete  is  placed  and  consists  of  filling  in 
the  spaces  between  the  ties  and  blocks  until  level 
with  the  top  of  the  ties.  Before  the  placing  of  this 
second  course,  should  it  be  evident  that  any  shrink- 
age of  the  first  course  of  concrete  has  taken  place 
beneath  the  ties,  the  concrete  adjoining  the  ties  is 
thoroughly  tamped  in  beneath  them. 

The  next  step  in  connection  with  the  work  is  to 
place  the  filler  strips,  which  consist  of  pine  strips 
cut  to  the  shape  of  the  hollow  of  the  rail  and  to  con- 
venient lengths.  No  portion  of  the  strip  projects  be- 
yond the  head  of  the  rail.  These  strips,  before 
placing,  are  creosoted.  After  the  strips  have  been 
placed,   and   the  concrete   foundation   thoroughly   set 


other  track  is  reconstructed,  additional  turn-outs  be- 
ing placed  to  divert  traffic  to  the  newly  constructed 
track.. 


New  Method  for  Sampling  Boulder 
Deposits 

A  new-  method  for  sampling  boulder  aggregates  in 
the  field  was  ■  described  by  L.  Reinecke  and  K.  A. 
Clark  in  a  paper  presented  last  week  at  the  21st  an- 
nual meeting  of  the  American  Society  of  Testing  Ma- 
terials. The  paper  recorded  a  series  of  studies  under- 
taken by  the  Department  of  Mines  of  Canada  upon 
the  variations  in  quality  of  deposits  of  road  stone 
and  gravel  as  they  exist  in  the  field. 

It  was  found  that  boulder  deposits  in  any  one  area 
consist  of  many  combinations  of  three  or  four  rock 
types  of  fairly  uniform  durability,  and  that  the  per- 
centage of  wear  of  any  combination  of  the  rock  types 
found  in  deposits  of  boulder  aggregates  could  be  cal- 
culated by  the  following  formula  if  the  percentages 
of  wear  of  each  of  the  rock  types  were  known : 
^CW 

Wn,  =  , 

100 
in  which  W.,  W;  .  . .  .  W»  =  percentages  of  wear  of  the 
various   rock    types,   and    Ci,   C=  .  . . .  Cd  =  percentage 
proportions  in  which  the   rock  types   are  present   in 
the  combinations. 

By  sampling  and  testing  the  three  or  four  types 
which  make  up  a  deposit,  it  is  therefore  possible  to 
calculate  the  percentage  of  wear  of  any  combination 
of  these  types.  It  is  stated  that  an  accurate  estimate 
of  the  quality  of  boulder  deposits  of  large  size  and  ex- 
tent can  be  arrived  at  by  this  method  in  a  compara- 
tively short  time. 


Speed  Rule  for  West  Virginia  Highways. — The  Road 
Laws  of  West  Virginia  provide  that  no  vehicle  shall 
be  driven  on  the  highways  at  a  greater  rate  of  speed 
than  will  permit  of  bringing  the  vehicle  to  a  full  stop 
within  half  the  actual  sight  distance  at  the  place. 
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Construction  and  Repair  of 
Asphalt  Pavements' 


By  ClIAKl.KS  A.  MLLLKN. 

Director   I'aving  Departiiitrni,   Milton  Hersey  Co.,  Ltd. 

Asphalt  Cement. — The  a.sphalt  paving  cement  is,  of 
lourse,  a  vital  matter,  since  we  cduUI  nut  have  an 
asphalt  pavement  without  it.  More  pavements  fail 
today,  however,  because  of  the  lack  of  an  understand- 
ing of  the  necessary  requirements  for  the  mineral 
i.ggregate,  or  carelessness  or  ignorance  in  the  mak- 
ing of  the  paving  mixture.  Our  public  officials  fre- 
([uently  go  to  great  lengths  to  make  sure  that  the 
materials  furnished  are  what  they  should  be,  and 
then  permit  those  materials  to  be  spoiled  at  the  as- 
phalt  mi.xing  plant. 

Many  good  asphalt  cements  arc  on  the  market. 
They  are  manufactured  from  crudes  found  in  Mexico, 
California,  Trinidad.  Bermudes  in  Venezuela,  and 
elsewhere.  All  are  of  so  nearly  equal  value  that  only 
the  uninformed  or  specially  interested  will  today  pay 
a  great  difference  per  square  yard  for  asphalt  pave- 
ment in  which  one  or  the  other  has  been  properly 
used.  The  per  square  yard  competitive  basis,  under 
carefully  drawn  specifications  and  competent  inspec- 
tion, is  now  universally  recognized  in  wholesome  com- 
munities. 

Asphalt  cements  need  testing  no  matter  from  what 
crude  materials  they  are  made  nor  by  whom.  Some 
public  officials  do  not  seem  to  think  so;  but  could 
they  know  how  well  they  are  spotted  by  the  supply 
houses,  and  how  carefully  this  frame  of  mind  is  cul- 
tivated for  them,  they  would  very  soon  change  these 
views.  Doubtful  material,  or  material  that  has  been 
condemned  by  some  careful  official  who  does  have  his 
deliveries  tested,  is  always  shipped  to  the  other  man. 
The  consistency  or  penetration  of  the  asphalt  pav- 
ing cement  is  the  first  point  to  which  we  look.  In  a 
material  that  is  pure,  and  with  a  mineral  aggregate 
that  is  properly  graded,  it  is  customary  to  use  the 
lollowing  classes  of  material  for  the  different  con- 
ditions of  traffic  in  this  climate: 

penetration 
penetration 

l>rnetratlon 

Unless  otherwise  specified,  all  penetration  tests  are 
made  with  a  No.  2  standard  needle  acting  for  5  sec- 
onds under  a  load  of  100  grams  at  77    F. 

The  ductility  and  other  tests  are  of  great  impor- 
tance in  determining  the  quality  of  the  asphalt  ce- 
ment, but  they  are  more  particularly  the  concern  of 
the  asphalt  chemist,  and  must  receive  close  attention 
at  the  laboratory.  The  field  engineer  should  be  in 
close  touch  with  the  chemist  and  know  the  general 
characteristics  of  the  asphalt  cement  he  is  using;  but 
we  will  pass  these  points  for  the  present  to  discuss 
others  that  are  of  more  immediate  importance  to  the 
greater  number  of  us. 

Fluxed  Asphalts. — Fluxed  or  cut-back  asphalts  are 
so  little  used  today  that  they  no  longer  present  a 
serious  problem — at  least,  not  in  Canada.  It  is  much 
easier  to  manufacture  asphalt  paving  mixtures  from 
cement  that  is  delivered  at  the  mixing  plant  at  the 
desired  consistency  than  when  the  cement  must  first 
be  manufactured  from  crude  or  refined  asphalt  and 
flux  oil.  As  a  general  proposition,  the  promiscuous 
cutting-back  or  fluxing  of  oil  asphalts  that  have  been 
refined  to  a  hardness  greater  than  that  desired  should 

•From  a  paper  prcM>ntvd  May  8  at  5th  Canadian  Good  Roadu 
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.  ■  t  for  close  question.  The  native  asphaltis  are 
ii<auiall\  so  hard  that  they  require  fluxing  with  some 
ether  suitable  material  before  they  are  u.sable  in  as- 
l-halt  paving  at  all,  so  the  foregoing  remarks  do  not 
refer  to  these  materials. 

Other  filler  materials  are  pulverizJ'd  clay,  marl, 
;.hale,  silles,  and   so   forth.     M  have 

I  een  tried  and  found  satisfact<  :  ■•  pro- 
duced disastrous   results.     SaiL-. ..-.   that 

a  new  material  be  thoroughly  investigated  before  it 
is  used  extensively  as  an  asphalt  pavement  filler. 
These  investigations  can  only  be  conducted  in  a  prop- 
erly equipped  laboratory,  and  by  those  with  compara- 
tive experiences  to  draw  upon. 

The  Filler. — The  200  mesh  sieve  is  not  a  sufficient 
test  for  an  inorganic  dust  filler,  e.xcept  for  routine 
work  on  a  known  material.  The  particles  of  dust 
that  are  of  the  most  value  are  those  that  would  pass 

II  500  mesh  sieve,  were  one  of  such  fineness  of  prac- 
tical value  for  laboratory  testing. 

Two  hundred  mesh  fine  sand  was  oflfered  to  the 
city  of  Montreal  as  a  filler  last  season.  A  deposit  of 
this  material,  practically  all  of  which  woOld  pass  the 
200  mesh  sieve,  had  been  uncovered  in  a  local  sand 
pit;  and  it  was  tendered  upon  to  the  municipal  pur- 
chasing department  at  a  fancy  sand  price,  as  a  sub- 
stitute for  the  more  expensive  stone  dust.  It  had  to 
be  rejected  on  the  ground  that,  though  it  passed  the 
specifications  under  which  bids  had  been  received, 
it  was  not  a  proper  filler  material  at  all,  there  being 
almost  none  of  the  finer  particles  for  the  separation 
of  which  no  laboratory  sieve  is  practical,  and  which 
are  the  really  important  factor  in  a  dust  filler. 

Photomicrograph  Tests  of  Sand. — Photomicrographs 
saved  the  day  in  this  instance.  It  was  a  rather  diffi- 
cult matter  to  advice  a  city  purchasing  department 
that  the  material  which  passed  their  specifications 
better  and  was  about  50  per  cent  cheaper  than  stone 
dust  should  not  be  bought  and  used;  but,  when  we 
submitted  comparative  photomicographs  of  the  part 
of  each  sample  that  had  passed  the  200-mesh  sieve, 
and  it  was  seen  that  the  sand  grains  looked  like  rocks 
under  the  same  magnification  that  still  left  the  stone 
dust  grains  with  the  appearance  of  fine  powder,  even 
the  low  bidder,  who  was  offering  the  fine  sand,  was 
satisfied  that  his  material  would  not  ser\'e  the  pur- 
pose. 

Air  vs.  Water  Separation  Tests. — The  air  separation 
dust  test  is,  by  far,  the  most  satisfactory  that  we  have 
yet  found  for  making  comparisons  of  fillers.  Water  sep- 
aration gave  some  good  results  but  the  air  method 
seems  more  practical.  Neither  is  sufficiently  simple 
to  be  used  on  routine  work,  so  the  200-mesh  sieve 
must  still  be  relied  upon  for  much  of  the  checking 
of  deliveries  with  samples  submitted.  As  we  do  not 
know  of  any  other  air  or  water  separators  of  the 
types  we  are  using  in  Canada,  they  being  constructed 
by  us,  it  is  hardly  worth  while  at  this  time  to  base 
test  requirements  upon  them. 

Careless  Grading  of  Sand. — The  specially  graded 
^and  that  forms  about  75  per  cent  of  the  weight  of  a 
standard  sheet  asphalt  pavement  surface  is  a  very 
simple  matter,  if  one  fully  understands  and  ap- 
preciates what  is  necessary.  To  fully  compre- 
hend the  very  great  difference  in  an  asphalt  pave- 
ment mixture  that  the  grading  of  the  sand  will  make, 
one  has  but  to  follow  daily  on  the  street  the  work 
turned  out  by  a  mixing  plant  where  the  man  in  charge 
is  careless  of  detail,  or  thinks  that  any  old  sand  grad- 
ing is  good  enough. 
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We  have  seen  a  mixture  produced  by  an  asphalt 
paving  plant  at  1  o'clock  that  was  all  that  could  be 
desired,  and  at  4  o'clock  of  the  same  afternoon  that 
plant  was  turning  out,  under  the  same  formula  of 
batch  weights,  a  mixture  that  was  not  even  third 
rate.  The  reason  was  that  no  attention  was  being 
paid  to  the  sand.  At  1  o'clock  the  supply  was  be- 
ing drawn  from  a  section  of  the  pile  that  by  chance 
happened  to  be  of  a  very  good  grading,  but  by  4 
o'clock  the  laborers  had  worked  into  a  large  pocket 
where  the  sand  was  very  coarse. 

The  result  of  this  carelessness  was  a  poorly-graded, 
sloppy  mixture,  that  could  not  be  expected  to  give 
good  service  under  heavy  traffic,  and  that  cost  as 
much  as  the  better  mixture  made  earlier  in  the  day. 
It  will  mark  badly  in  warm  weather,  and  probably 
shove,  whether  it  has  a  binder  course  or  not.  The 
quantity  of  asphalt  cement  that  is  correct  for  a  mix- 
ture having  the  standard  grading  of  mineral  aggre- 
gate is  far  too  much  for  one  in  which  the  sand  is 
coarse;  but  a  plant  crew  that  was  not  well  enough 
organized  and  trained  to  watch  the  sand  pile  could 
not  be  expected  to  know  when  the  proportion  of  as- 
phalt cement  should  have  been  reduced  to  prevent  a 
sloppy  mi.xture. 

Proper  Grades  of  Sand. — Three  grades  of  sand  are 
needed  in  most  cases  to  sufficiently  approximate  the 
standard  or  model  sand  grading.  These  may,  for 
convenience,  be  termed  fine,  medium  and  coarse 
grade  sands  for  asphalt  paving  purposes.  •  It  will  as- 
sist the  layman  to  an  understanding  of  the  matter  if 
we  say  that  the  fine  is  of  that  size  which  is  some- 
times spoken  of  as  blow  sand,  the  medium  a  good  plas- 
terer's sand,  and  the  coarse  a  sand  of  the  type  we  all 
recognize  as  suitable  for  portland  cement  concrete 
work. 

One  sand  is  occasionally  found  that  is  in  itself  a 
sufficient  approximation  of  the  standard  grading,  but 
such  cases  are  rare,  and,  even  then,  it  is  a  good  pre- 
caution to  have  on  hand  small  stocks  of  fine  and 
coarse  sands  for  tempering  purposes  in  case  the  main 
supply  does  not  at  all  times  prove  sufficiently  uni- 
form. Frequently  a  well-graded  sand  may  be  secured 
from  a  stratified  deposit,  by  working  the  face  to  a 
certain  depth  that  will  take  in  layers  the  mixture  of 
which,  in  falling  and  handling,  will  give  a  satisfac- 
tory approximation  of  the  model.  This  we  succeeded 
in  doing  with  good  effect  last  season  at  Woodstock, 
Ontario. 

A  fine  sand  for  asphalt  paving  is  one  in  which  there 
is  a  decided  predominance  above  the  per  cent  required 
in  the  model  grading  of  these  sized  grains  that  will 
pass  a  standard  80-mesh  and  be  held  on  a  standard 
200-mesh  sieve.  The  requirement  of  the  model  sand 
grading  is  34  per  cent  of  the  total  sand. 

A  medium  sand  for  asphalt  paving  is  one  in  which 
there  is  a  decided  predominance  above  the  per  cent 
required  in  the  model  grading  of  those  sized  grains 
that  will  pass  a  standard  40  mesh  and  be  held  on  a 
standard  80-mesh  sieve.  The  requirement  of  the 
model  grading  for  medium  sand  is  43  per  cent. 

A  coarse  sand  for  asphalt  paving  is  one  in  which 
there  is  a  decided  predominance  above  the  per  cent 
required  in  the  model  grading  of  those  sized  grains 
that  will  pass  a  standard  ten  mesh  and  he  held  on  a 
standard  40-mesh  sieve.  The  requirement  of  the 
model  grading  for  coarse  sand  is  23  per  cent. 

Medium-fine  and  medium-coarse  are  the  terms  ap- 
plied to  sands  in  which  there  is  a  decided  predomi- 
nance above  the  per  cents  required  in  the  model  sand 
grading  for  two  of  the  sand  grades.  This  quite  fre- 
quently occurs,  and  it  is  in  such  cases  that  the  stand- 


ard grading  is  sometimes  sufficiently  approximated 
by  the  mixing  of  two  instead  of  three  separate  sands. 

Very  fine  sand  is  objected  to  by  many,  on  the 
ground  that  it  usually  makes  an  unstable  mixture.  In 
asphalt  paving  parlance,  very  fine  sand  is  that  which 
will  pass  a  200-mesh  sieve,  but  which  is  not  fine 
enough  to  be  considered  dust  or  filler  material.  With 
some  of  the  very  finely  pulverized  fillers  that  are 
available  today  we  doubt  if  this  objection  is  good. 

Very  fine  sand  is  not  filler,  however,  and  it  must 
not  be  allowed  to  be  considered  as  such  in  meeting 
the  standard  or  model  grading  for  sheet  asphalt  pav- 
ing mixture.  If  there  is  a  serious  amount  of  these 
200-mesh  grains  in  the  sand  aggregate,  it  should  be 
added  to  the  fine  or  passing-80-mesh-held-on-200-mesh 
material,  and  deducted  from  the  200-mesh  material  in 
the  mixture,  to  make  sure  that  the  model  requirement 
for  200-mesh  material  is  properly  met  with  true  in- 
organic dust  filler.  Some  specifications,  very  unfor- 
tunately, do  not  provide  for  this  contingency. 

Standard  sand  sieves  are  used  in  making  screen  an- 
alyses of  asphalt  paving  aggregates,  and  not  the  com- 
mercial sieves  that  may  be  had  on  the  open  market 
at  a  low  cost,  though  these  may  serve  other  purposes 
quite  satifactorily.  Results  on  such  commercial 
sieves  are  frequently  as  much  as  20  per  cent  off,  and 
these  results  are  of  no  value  to  the  engineer  making 
asphalt  paving  mixtures.  The  200-mesh,  100  and  80- 
mesh  sieves  are  particularly  troublesome,  and  should 
be  frequently  checked  for  accuracy. 

Mixing  Sands. — The  mixing  of  three  sands  at  the 
asphalt  paving  plant  is  not  a  difficult  matter.  At 
Saint  Foy  in  Quebec,  last  season,  where  the  Province 
was  laying  a  stone-filled  sheet  aspalt  pavement,  we 
combined  5  grades  of  material  in  the  mineral  aggre- 
gate, exclusive  of  the  filler,  without  difficulty.  The 
various  piles  are  arranged  around  the  boot  of  the 
bucket  elevator  that  feeds  the  heating  drum,  and  then 
an  intelligent  laborer  can  be  directed  to  feed  so  many 
shovels  of  this  material  and  so  many  of  that.  A  sat- 
isfactory result  is  secured  in  this  way  without  addi- 
tional expense,  other  than  possibly  50  ct.  a  day  extra 
to  make  the  man  doing  the  feeding  interested  in  his 
job. 

The  sands  for  asphalt  paving  are  to  be  found  in 
almost  every  locality,  if  one  will  only  look  for  them. 
We  were  told  they  were  not  to  be  had  around  Mon- 
treal, but  a  survey  of  the  country  for  50  miles  about 
uncovered  abundance,  some  in  the  very  deposits  from 
which  the  city  has  been  getting  its  supply. 

Suggestions  for  Mixing  Asphalt. — The  asphalt  pav- 
ing plant  has  never  been  more  than  a  very  crude  ma- 
chine at  its  best.  Wherever  possible,  we  are  inclined 
to  insist  upon  the  standard  type,  especially  the  twin- 
plug  mill  mixer  with  a  batch  capacity  of  at  least 
1,000  lb.  and  means  arranged  above  for  proportion- 
ing the  materials  entering  every  batch  by  the  weigh- 
ing of  such  material  separately. 

The  mixers  should  be  covered  to  prevent  the  loss 
of  the  very  finest  particles  of  the  inorganic  dust  filler 
— which  are  very  valuable  in  the  pavement  and  costly 
to  buy — and  so  that  the  mixer  platform  may  be  a  place 
where  one  does  not  hesitate  to  ask  another  human  be- 
ing to  work.  Most  mixers  are  left  uncovered,  how- 
ever, either  because  the  owners  do  not  appreciate  the 
loss  of  material  that  is  resulting,  or  do  not  care  enough 
about  the  men  who  must  work  around  them.  It  is 
time  cities   required  covers  on  all   mi.xers. 

Steam-melted  asphalt  cement  is  never  burned  in 
the  kettles.  Therefore,  direct  firing  should  be  avoided 
whenever  possible,  and  watched  with  great  care 
where    not   avoidable.      Precautions    should    also    be 
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taken  not  to  maintain  the  asphalt  in  a  molten  condi-  ii*  a   rouRh  and   ready   rule  that  should  not  be  used 

tion  for  too  lonK  a  period,  as  this  will  cause  it  to  be-  as  a  basis  fur  a  bidding  estimate,  but  it  will  help  in 

come  harder  and  lose  some  of  its  ductility.  quickly    considerinif    the   comparative   advantages    of 

Asphalt  cement  in  tank  cars  should  be  arranged  for  various  available  plant  sites.     It  was  the  basis  of  a 

whenever  possible.    The  material  may  usually  be  had  large  asphalt   hauling  contract  in   New  York  City  at 

cheaper  this  way,  and  is  easier  to  handle.     If  there  is  n  time  when  team  hire  was  $6  a  d<iy. 

not  surticient  storage  capacity  at  the  paving  plant,  a  Dumping  Mi.\ture. — The  mi.xture  should  be  dumped 

small  quantity  of  the  cement  in  iron  drums  should  be  on  the  street  on  some  spot  outside  of  where  any  part 

kept  on  hand  in  case  of  the  delay  in  transit  of  one  of  of  that   particular  load   is  to  be   laid,    and  all   of    it 

the  tanks.     Asphalt  plants  cannot  afford  to  stop  work  .should  be  handled  into  place  for  raking  by  upturning 

during  the  busy  season,  for  the  overhead  e.xpense  is  the  shovel  at  the  place  of  deposit.     Asphalt  mixtures 

too  high.  should  not  be  east  long  distances  through  the  air  to 

Thoroughly  mix  the  aggregate  before  pouring  the  .scatter  over  the  foundation  upon  which  they  are  to 
asphalt  cement  into  the  mill.  The  practice  of  putting  he  placed.  This  is  particularly  true  of  those  mix- 
in  the  cement  before  or  at  the  same  time  as  the  dust  tures  ranging  from  stone-filled  sheet  asphalt  to 
i.-^  dangerous.  The  sand  is  hot  enough  before  being  bitulithic.  in  which  such  a  casting  about  is  likely  to 
combined  with  the  dust,  so  that  after  it  has  lost  some  cause  serious  segregation. 

of  its  heat  to  this  cold  material,  the  aggregate  will  Painting  abutting  surfaces  of  headers,  curbs,  man- 
still  be  of  the  desired  temperature;  and  this  original  hole  and  handhole  boxes,  and  .so  forth,  is  an  old  cus- 
heat  of  the  sand  is  too  great  for  a  thin  filler  of  as-  ^om.  and,  we  think,  a  very  good  one.  The  asphalt 
phalt  cement  to  stand  without  damage.  If  the  mixer  cement  u.sed  for  this  purpose  should  be  the  same  as 
is  covered,  there  will  not  be  this  tendency  on  the  part  that  with  which  the  mixture  is  made,  and  sufficient  of 
of  the  mixer  man  to  put  in  the  asphalt  cement  first  jf  should  be  applied  to  be  effective.  If  this  detail  of 
to  keep  the  dust  from  fiying  into  his  face.  the  work  is  worth  doing  at  all,  it  is  worth  doing  well, 

All  temperatures  at  the  plant  should  be  watched  and  not  in  the  skimpy,  careless  way  we  so  often  wit- 
with  the  greatest  of  care,  and  reasonable  uniformity  pgss  on  both  contract  and  city  work, 
should  be  insisted  upon.  The  purchase  of  a  few  ther-  Sweep  the  foundation  clean  before  placing  the  sur- 
mometers,  enough  so  that  one  may  be  placed  at  every  fjjce  upon  it.  The  inve.stment  is  too  great  to  be  en- 
point  where  it  seems  desirable,  may  .save  the  loss  of  dangered  by  the  neglect  of  a  detail  that  costs  so  lit- 
a  very  large  investment  in  burnt  asphalt  movement,  tie.  The  roughened  concrete  surface  that  is  preferred 
Even  the  most  experienced  workmen  will  sometimes  fo^  asphalt  paving  requires  some  care  in  sweeping 
overheat  the  materials.  to  make  certain   that   all   the   small   depressions   are 

The  analyses  of  the  mixture   should   approximate,  reasonably  free  from  dust  and  dirt  and  loose  material. 

rs  closely  as  possible  in  good  practice,  the  following  Suggestions  on  Laying  the  Asphalt.— Laying  asphalt 

standard  or  model:  jn  the  rain  is  not  as  serious  a  matter  as  one  would  at 

g.^^^^^                          Percent.  Per^ccnt.  ,-^gt  suppose.     Experience  has  demonstrated  that  sec- 

'.Minerar'Aggr'egate.  ""      Model  .\sphait             Model  .^and  tions  of  pavement  laid  during  quite  heavy  rainfalls 

Pasting*  H^eld  on.       Per  cenTpe'r'  rent.    Per  cen?.  Pe^r  cent.  have  lasted  quite  as  well  as  other  sections  placed  when 

200          mesh              13            13               ^Not  over  5  ^.j^g  weather  was  more  favorable.     This  is  not  a  plea 

^80           ioo                13            26               17            34  for  Selecting  rainy  weather  to  lay  asphalt  surfaces, 

II            |§                ?o            33               13            43  but  for  the  co.stly  mixture  that  is  frequently  hauled 

30            40                  I             ..               10  to  the   dump   because    some    inexperienced   engineer 

It            20                  3            16                5            23  thinks  a  little  moisture  from  above  during  the  laying 

8            10               _!!           _!             .J!''"'  ""-'"-l  will  cause  an  asphalt  pavement  to  fail.     We  do  not 

Totals  100           100              100           100  recommend  laying  in  puddles  of  water,  however,  and 

The  model  sand  grading  is  but  the  reduction  to  100  ^y^yy  possible  precaution  should  be  taken  to  avoid  bad 

per  cent  of  the  75  per  cent  of  the  mixture  model  that  ^vgather. 

is  supplied  by  the  sand  aggregate    free    from    dust  Leveling  and   paving  mixture   requires  more  skill 

filler.                                                                                         .  and  attention  than  it  usually  gets.  The  raking  process 

An  asphalt  paving  formula  to  produce  the  approxi-  >.j,f,uld  be  a  kneading  into  place  with  the  tines  of  the 

mation  of  the  foregoing  mixture,  with  the  usual  ma-  j.^)jg    ^.^  ^y^.^^^  about  the  same  weight  of  mixture  will 

terials,  would  be  as  follows:  cover  each  square  inch  of  the  foundation.     Only  in 

Asphalt  cement    pure  bitumen 120  lb.  or    12%  j^j^jg  ^y^y  p,,„  .^  pavement  be  laid  that  will  get  ecjual 

w"  ^plcia'liv  Vadid  and'"mixed: : ! ! i ! ! ! ! !  1 ! ! !    730  lb.  or    73%  compre.ssion  under  the  roller  and  that  will  be  of  equal 

I'ltrh  of  miNturc                              T^  IK  or  100"^  density  throughout.     We  believe  that  the  depressions 

..              ,     ,^      «-.    ^      r^                  .,„_„    „„    tiio  in  asphalt  surfaces  are  frequently  due  to  the  further 

Hauling    and    Its    Cost  -Canvas    covers    on    the  ^^^  P^^^j^,,  ^^.^^  .^^^^^  „}  ,hose  parts  of  the  pave- 

trucks  are  very  good  at  «''  *  ""J-  ''"^^^fX '  wou  d  nient  that  are  spanned  by  the  wide  wheels  of  the  as- 

ch.lly  weather  when  the  crust  of  the  m  x  ure  ^^ou\d  ^^^^^^  ^^^  ^^^  ^.^^  ^^                  Certainly  a  roller 

othenvi.se  become  ^""/'^ /°^  P^«Pf  "^ '^:''^'"*^4  ^^Z,  idinK  «"  two  dense  knobs  of  mixture  cannot  properly 

should  be  so  arranged  that  there  is  a  3  or  4- n.  air  ^                                     i^^,  between, 

space   between    the  cover  and   the   load,   as   this   not  comiMi..    i.i                                                         „„„:„„  j„k 

onlv  saves  the  cover,  but  also  provides  much  better  A  true  surface  is  essential  in  an.v  good  Pavmg  job. 

protection  for  the  hot  mixture.  but  especially  is  this  necessary  with  asphalt    where 

One  cent  per  inch  vard  mill  is  a  good  formula  to  re-  cver>-  little  fault  may  be  seen  so  easily.    Also,  if  there 

member  when  considering  the  cost  of  hauling  asphalt  are  no  waves,  there  can   be   no   rolls    and   «e  of  en 

paving  mixtures.     That  is,  it  cost  about  1  ct.  to  haul  th  nk  that  nmny  surface.s  displace  partly  bec'iu-'e  the 

enough  mixture  to  lav  1  s.i.  vd.  of  asphalt  pavement  original  workmanship  left  the  beginning  of  the  ^^av> 

Tin    thick  and  weighing  about  100  lb.  on  a  street   1  condition    that    later   became   objectionable.      A    long 

mile   from   Z   mixfng   plant.    Multiply    1   ct.   by   the  straight  edge.  10  ft.  or  more,  constantly  in  use,  will 

thickness  in  inches  of  the  pavement,  and  that  by  the  do  much  for  any  paving  job.                             ,       •     ,„ 

number  of  miles  between  the  plant  and  the  job.    This  The   straight-l.ne  crown    is   used   more   extensively 
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each  year  with  all  types  of  pavements,  but  it  has  spe- 
cial advantages  in  the  case  of  asphalt  where  there  is 
so  much  objection  to  the  little  shallow  puddles  of 
water  that  form  on  the  center  of  other  crowns  directly 
following  a  rainstorm.  The  purpose  of  the  crown  is 
to  shed  water,  and  it  should  be  made  to  do  that  as  ef- 
fectively as  possible,  with  the  least  necessary  drop 
from  a  horizontal  line.  One-quarter  of  an  inch  to 
the  foot  is  sufficient  where  a  straight-line  crown  is 
used  and  the  surfacing  work  well  done. 

Gutters  Should  Be  Asphalt. — Cutters  should  be  as- 
phalted to  the  curb.  There  is  no  reason  for  placing  a 
cement  or  brick  gutter  on  an  asphalt  street.  Whether 
of  asphalt,  cement  or  brick,  the  gutter  should  rise  at 
the  rate  of  1  in.  to  the  foot  or  better,  for  the  first  2 
or  3  ft.  from  the  curb,  in  order  to  form  a  decided  dish 
that  will  confine  the  water  in  a  narrow  stream  against 
the  curbing  instead  of  permitting  it  to  spread  several 
feet  therefrom.  If  the  same  care  had  been  used  in 
forming  asphalt  gutters  with  the  proper  rise  that  was 
used  in  laying  cement  or  brick  gutters  on  asphalt 
streets,  no  one  would  ever  have  thought  it  necessary 
to  employ  the  other  materials.  The  flat  asphalt  gut- 
ters of  early  construction  have  much  for  which  to 
answer.  Proper  gutters  can  be  formed  and  compressed 
with  a  tamper,  and  an  experienced  roller  man  can  get 
into  them  effectively. 

Stone  or  Brick  Along  Car  Rails  Not  Necessary. — 
Asphalt  to  the  street  and  rail  wherever  the  street  rail- 
way roadbed  is  good.  Where  it  is  poor,  compel  the 
company  to  make  it  what  it  should  be,  if  possible. 
There  is  something  very  disfiguring  about  a  ribbon  of 
blocks  along  an  outer  rail  on  an  asphalted  street,  and 
it  is  absolutely  unnecessary  in  most  cases.  The  way 
in  which  the  asphalt  promoters  have  persuaded  cities 
to  lay  block  pavements  along  car  rails  on  asphalted 
streets  has  always  appealed  to  me  as  diabolically 
clever.  These  men  know  that  whatever  is  laid  will 
go  to  pieces  where  he  rail  construction  is  bad,  and, 
by  shunting  it  over  upon  the  other  material,  they 
avoid  the  discredit  that  would  unavoidably,  though 
unjustly,  fall  upon  asphalt. 

Maintenance  of  Asphalt  Pavements. — First  con- 
struct then  maintain  your  asphalt  pavements.  They 
should  not  require  any  repairs  for  a  number  of  years 
after  laying,  except  where  some  defect  in  construc- 
tion comes  to  light;  but,  whatever  they  do  need,  they 
should  get.  Repairs  should  be  carefully  made,  with 
perpendicular  edges  and  properly  painted  joints.  An 
asphalt  patch  should  not  be  higher  than  the  sur- 
rounding surface.  If  properly  compressed  in  the 
making,  there  will  be  no  shrinkage  under  traffic  that 
will  require  an  allowance.  Do  not  leave  the  surface 
higher  than  the  car  rails,  manhole  boxes,  and  so  forth, 
against  which  it  is  laid.  This  has  been  tried  and 
abandoned. 

Three  methods  of  mainteance  for  asphalt  pavement 
surfaces  should  be  considered.  There  is  the  simplest 
way,  the  cutting  out  of  the  defective  section  and  re- 
placing it  with  new  mixture;  the  surface  burner 
method  has  been  used  extensively,  with  fair  results; 
and  the  remelting  and  remixing  process  has  been  suc- 
cessfully employed  in  many  places.  Needless  to  say, 
all  three  methods  can  be  used  to  advantage  in  every 
large  city,  each  being  fitted  to  different  conditions 
that  are  sure  to  confront  the  engineer. 

The  remelting  and  remixing  of  the  old  surfaces  has 
always  seemed  to  the  author  the  one  way  that  should 
be  more  carefully  developed,  with  a  view  to  the  fu- 
ture maintenance  of  our  asphalted  streets.  The  re- 
use of  the  old  material,  which  can  be  made  as  good  as 
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ever  at  little  cost  by  remelting  and  remixing,  with 
possibly  a  little  added  soft  asphalt  to  rejuvenate  it, 
will  effect  great  economies  in  pavement  maintenance 
over  a  period  of  years.  The  cost  of  new  material  is 
saved,  and  the  expense  of  hauling  the  old  surface  to 
a  dump  is  avoided.  The  trucks  must  return  to  the 
mixing  plant  anyway,  and  they  may  as  well  carry  a 
load  of  old  asphalt  surface  as  go  back  empty  for  the 
r<ext  load  of  mixture. 

Asphalt  Is  in  Its  Infancy. — Asphalt  is  in  its  infancy 
as  a  paving  material.  Each  year  sees  larger  ton- 
nages of  it  used  for  this  purpose,  and,  as  paving 
economy  is  more  carefully  studied  by  our  public  au- 
thorities, the  very  clear  reasons  for  its  extensive  em- 
plo.vment  as  a  road  surfacing  material  will  be  fully 
appreciated.  The  more  universally  it  is  used  in  any 
city,  the  more  economically  it  can  be  handled. 


Federal  Council  to  Control  Road 
Work 

All  functions  of  Government  agencies  relating  to 
streets  and  highways  have  been  co-ordinated  in  a  body 
called  the  United  States  Highways  Council,  composed 
of  one  representative  each  from  the  War  Department, 
the  Department  of  Agriculture,  the  United  States  Rail- 
road Administration,  the  War  Industries  Board,  and 
the  Fuel  Administration.  The  council  was  formed 
primarily  to  prevent  delays,  financial  loss,  and  un- 
certainty incident  to  the  method  of  taking  up  each 
highway  problem  in  its  turn  with  a  separate  and  dis- 
tinct Government  agency.  This  council  was  consti- 
tuted at  the  suggestion  of  the  Secretary  of  Agricul- 
ture. Through  the  Department  it  will  continue  the 
close  contact  already  established,  both  formally  by 
law  and  informally  by  practice,  with  the  State  High- 
way Commission  in  each  state  of  the  Union. 

Membership  of  the  Board  follows:  War  Depart- 
ment, Lieut.  Col.  W.  D.  Uhler;  Fuel  Adminis- 
tration, C.  G.  Sheffield;  War  Industries  Board, 
Richard  L.  Humphrey;  Railroad  Administration,  G. 
W.  Kirtley;  Department  of  Agriculture,  L.  W.  Page. 
These  representatives  have  selected  Logan  Waller 
Page,  Director  of  the  Office  of  Public  Roads,  Depart- 
ment of  Agriculture,  as  chairman,  and  J.  E.  Penny- 
backer,  Chief  of  Management  of  that  office,  as  sec- 
retary. 

The  council  utilizes  the  organizations  of  the  48 
state  highway  departments  with  their  trained  person- 
nel and  their  knowledge  of  local  conditions  and  pro- 
vides a  single  agency  where  all  highway  projects  call- 
ing for  governmental  action  of  any  character,  whether 
it  be  a  question  of  finance,  of  materials,  transporta- 
tion, or  of  war  necessity  or  desirability,  may  be  dealt 
with.  The  council  has  provided  a  definite  form  on 
which  applications  for  relief  are  to  be  made  through 
the  respective  state  highway  departments,  and  has 
sent  supplies  of  the  forms  to  the  departments.  The 
Council  emphasizes  the  great  need  of  conservation  of 
money,  transportation,  labor  and  materials  by  restrict- 
ing highway  and  street  work  to  most  essential  needs. 
It  ranks  maintenance  of  existing  streets  and  highways 
first,  reconstruction  of  badly  damaged  streets  and 
highways  next,  and  it  places  last  new  construction  jus- 
tified only  on  account  of  vital  war  or  economic  neces- 
sity. 


State  Road  Work  in  North  Dakota.— The  State  High- 
way Commission  is  calling  for  bids  on  four  contracts 
for  earth  road  construction  covering  approximately  50 
mWes  of  highwav. 
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The  Evolution  of  Foundations  for 

Street  Car  Pavements  and 

IVacks 

An  interesting  uutline  of  the  development  of  street 
car  track  paving  at  Toronto,  Ont.,  was  given  by  Mur- 
ray Alexander  Stewart,  Roadway  Engineer  of  the 
Toronto  Department  of  Works,  in  a  recent  issue  of 
The  Canadian  Engineer.  The  matter  following  is  ab- 
stracted from  the  above  mentioned  Journal. 

In  the  early  days  of  the  street  railway  company's 
franchise,  the  necessity  for  what  is  now  known  as  a 
permanent  pavement  was  not  so  urgent  as  it  is  at 
the  present  time,  and  types  of  pavement,  the  laying 
of  which  has  long  since  ceased,  were  permitted.  This 
is  particularly  so  in  the  case  of  cedar  block,  of  which 
a  great  deal  was  laid  in  the  past. 

The  greatest  development,  however,  has  taken  place 
in  the  foundation  supporting  the  pavement.  The  early 
types  provided  for  a  course  of  gravel  beneath  the  ties 
and  concrete  between  the  ties,  the  pavement  being 
placed  upon  the  ties  and  concrete.  It  will  readily  be 
seen  that  such  a  structure,  permitting  as  it  did  a 
great  deal  of  movement  of  the  rail,  promoted  very 
rapid  deterioration  of  the  pavement. 

In  1893,  after  the  subgrade  had  been  prepared,  a 
trench,  12  in.  deep  below  the  bottom  of  tie,  was  made 
down  the  center  of  the  excavation  and  two  rows  of 
2-in.  tile  drain  placed.  This  trench  was  then  filled 
with  gravel,  as  was  also  the  entire  excavation,  to  a 
depth  of  4  in.  Upon  this  gravel  the  ties  were  placed 
at  3-ft.  centers  and  the  rails  spiked  thereto.  The  spaces 
between  the  ties  were  then  filled  w^ith  concrete,  which 
was  also  carried  around  the  ends  of  the  ties  to  the 
outside  edges  of  the  track  allowance  area.  Inasmuch 
as  the  ties  were  6  in.  in  depth,  the  concrete  was  the 
same,  with  the  addition  of  as  much  more  on  top  as 
was  necessary  to  insure  a  1-in.  cushion  of  sand  be- 
neath the  bricks  which  constituted  the  surface  of  the 
pavement. 

Immediately  before  laying  the  surface,  the  sand 
cushion  was  struck  to  a  true  surface  with  a  template, 
and  the  hollow  of  the  rail  filled  with  a  very  stiff 
cement  mortar.  This  was  so  finished  as  to  present 
a  perpendicular  face,  which  dropped  from  the  out- 
side points  of  the  head  of  the  rail.  The  laying  of  the 
pavement  was  at  once  proceeded  with,  a  row  of  scoria 
blocks  being  first  laid  as  stretchers,  or  in  some  cases 
alternately  as  header  and  stretcher,  and  the  bricks 
then  laid  in  courses,  at  right  angles  to  the  line  of 
the  work.  The  bricks  were  then  grouted  in  the  usual 
way.  Other  materials,  such  as  cedar  block,  as- 
phalt block  and  stone  block,  were  used  on  various 
works,  but  the  above  serves  to  illustrate  the  general 
practice  at  that  time. 

This  method  of  construction  in  time  proved  very 
unsatisfactory,  and  in  1895  a  radical  change  was  made 
in  the  foundation,  although  the  same  methods  ob- 
tained with  respect  to  the  surface.  Instead  of  plac- 
ing ties  at  3-ft.  centers  and  filling  between  with  con- 
crete, no  ties  were  used  and  a  concrete  base  was 
placed  for  the  entire  area  of  the  track  allowance. 
This  base  was  8  in.  in  thickness  for  a  width  of  10 
in.  on  each  side  of  the  center  line  of  each  rail  and  6 
in.  in  thickness  in  the  center.  This  type  of  founda- 
tion was  found  to  be  inadequate,  and  it  was  thought 
that  there  was  not  sufficient  weight  of  concrete  be- 
neath the  rails.  For  that  reason,  in  1905  the  founda- 
tion was  changed  to  the  extent  of  making  that  por- 
tion which  lav  beneath  each  rail   12  in.  in  depth  in- 

( 


stead  of  8  in.,  otherwise  the  dimensions  were  the 
same.  The  laying  of  the  pavement,  was  carried  out 
as  has  been  described  in  the  article  on  granite  pave- 
ments. 

In  1906  the  track  paving  was  widened  so  that  the 
width  of  strip  between  the  tracks  became  5  ft.  4  in. 
instead  of  3  ft.  10  in.  This  was  done  in  order  to  per- 
mit the  operation  of  wider  cars.  The  types  of  pave- 
ment, however,  which  were  available  for  work  of  this 
character  were  reduced  considerably,  and  practically 
all  the  work  laid  at  this  time  and  for  some  years 
after  consisted  of  granite  block,  vitrified  brick  and 
scoria  block. 

About  this  time  a  considerable  amount  of  T-rail 
was  used,  which  altered  to  some  extent  the  method 
lormerly  adopted  in  paving.  It  was  impossible,  of 
course,  to  lay  the  pavement  directly  against  the  head 
of  the  rail  as  heretofore,  as  provision  had  to  be  made 
for  the  flanges  of  the  car  wheels.  To  this  end,  what 
were  known  as  half-and-whole  flange  blocks  were 
used,  and  were  laid  alternately  in  order  that  a  proper 
bond  might  be  made  with  the  balance  of  the  pave- 
ment. 

These  blocks,  which  consisted  of  either  granite  or 
scoria  (molded  slag  block),  were  similar  to  the  ordi- 
nary rectangular  blocks,  with  the  exception  that  one 


corner  for  the  full  width  of  the  block  was  cut  out 
for  a  sufl^cient  depth  and  width  to  permit  the  small 
end  thus  created  to  be  placed  beneath  the  head  of 
the  rail  and  lie  solidly  against  the  web.  In  this  way 
a  groove  was  established  for  the  accommodation  of 
the  wheel  flange.  The  blocks  were  bedded  in  1 :4 
cement  mortar,  and  the  mortar  casing  used  with  the 
girder  type  of  rail  was  done  away  with.  It  may  be 
added,  however,  that  the  use  of  the  T-rail  has  for 
the  last  few  years  been  abandoned. 

The  foundation  just  described,  in  turn  developed 
certain  weaknesses,  and  was  replaced  in  1911  by  a 
slab,  12  in.  in  thickness,  for  the  entire  width  of  the 
track  paving  area. 

The  use  of  ties  was  also  resumed,  as  it  was  found 
that  upon  those  tracks  where  no  ties  had  been  used 
great  difficulty  was  experienced  in  keeping  the  rails 
in  proper  alignment  and  to  proper  grade.  At  this 
time  steel  ties  were  first  discussed,  and  they  were 
tried  out  on  certain  works,  being  placed  at  6-ft.  cen- 
ters and  secured  to  the  rail  by  means  of  clips,  bolted 
to  the  ties  and  overlapping  the  base  of  the  rail.    , 

Another  alteration  took  place  last  year  on  certain 
track,  built  in  the  most  heavily  traveled  parts  of  the 
city,  the  foundation  being  increased  to  15  in.  of  con- 
crete on  straight  track  and  18  in.  beneath  all  inter- 
13) 
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sections      This  foundation  was  laid   in  two  courses,  -phc       MaSSachUSCttS      "  CoSt       PluS 

the  first  course  being  9  in.  in  depth  and  the  top  com-  ¥-»<■•           r» 

ing  into  contact  with  the  bottom  of  the  tie.     After  Proflt  "    Road    Coiltract 

the   concrete   had   set,   but  before   it   had  thoroughly  r  „„t  „„„„„„   <-v,„   tvt„„c„„v,       *.(.     u-   i.           r^ 

,  .    ,    ,,                 ,         '         „  ^  .                 ,        1    i.  J-,ast  season   the   Massachusetts   Highway   Commis- 

dried,  the  second  course  of  6  in.  was  placed,  the  con-  ^,-  „    ^^  „,v,;„i,  t\t..    \    \ht   r,         ■    r^u-  %  t:^    '  ■ 

,',,       c^                 u-        4-v,ui               J  A  si°"'  01  which  Mr.  A.  W.  Dean  is  Chief  Engineer,  em- 

crete   of   the   first   course   being   thoroughly    pounded  rjinvpd  a  "cost  nln  "  f            f         t       t                       f  't 

beneath  the  ties   and  any  apparent  shrinkage  taken  „<.„!„  ,.„„j  ,„„,.i,      t^v,       i              i    j                          ^  ii 

,      ^     ,.        .                    4.           i  state  road  work.     The  plan  worked  very  successfully 

up  by  floating  in  a  cement  grout.  „„^   •     ,„•              .•        j  j.r,- 

rr.1                f    1.     ^  J.-                  1         11        1          iu-  aiid  IS  being  continued  this  year. 

The  use  of  steel  ties  was  also  abandoned  on  this  tt„^„     +u            *       4.  tu       i  j.     4^       •  1     1      n 
,   .              ,            ,.<v,     ,,                         ■          1    ■      I,   1^-  Under  the   contract  the   state   furnished   all   mate- 
later  work,   as   diflicultv   was   e.xperienced   in   holding  •„,    „-jir,          i,         ifiu            j.         •              j 
,,          .,                 ,          iu   i-u       1-            J    •           1  •  iia'>  paid  the  actual  cost  of  labor  and  teaming,  and 
the  rails  securely  with  the  clips  and   in  making  re-  ^„, ,  ^^v„   „     ^       t.             ^ij^i.-             ,■               ,-, 

,           J        i--            J    V,       1    1           A        111  Pai"   the   contractor  rental   for  his   machinery.     Ex- 

pairs,   and  wooden  ties   and   beveled   wooden   blocks,  4.„„„i„    ^                     t       >.             j   j    •      ht         -,rf-.r,     j^ 

•^i,      '       ,               J     i  o  f4          4.                 u           ■      17.-  tracts   from   a    contract   awarded    m    May,    1917,    for 

alternately  spaced  at  2-ft.  centers,  as  shown  m  Fig.  ,  „;ij-              +•            *                 j               j    •      ..1 

1,  were  again  introduced.     This  foundation  has  been  ^jl^'^«  '''^\''^..  °^   ^   macadam   road   in   the   towns 

ik   use   on   all   work  since   1911,   and   at  the   present  l^^J^^fi.Tl^^'".? °'  T  /  f?.!  f'^v,    ''  f  '\' ^'^ 

time  there  is,  so  far  as  can  be  seen  from  the  excellent  P^"'  P[f^*  ^°L              'l^  ,     v  ^f,    *^'  '.u"^''''^  ^°™ 

results  obtai;ed,  no  occasion  for  alteration.  IZ  i?\^^%\^'""  T  [        t  '^.^    '/JT^^!'  ""f.w'^f 

^ the  risk  to  the  contractor.    Under  the  heading  "Work 

T"                 W         V>         A     A/T    •     ■<-                         .  to  Be  Done"  the  above  contract  provided: 

lOWnSnlp      KOaCl       Maintenance      in  The    contractor    .«hall    do    .-such    grading   and    surfacing    as    the 

TllJriQIC  engineer    may    direct,    shall    construct    such    watei-ways,    culverts, 

bridges,   guard   rails,   or  other  structures  and  shall  perform  such 

By  B.   H.   PIEPMEIER,  other  work  as  may  be  directed  by  the  engineer. 

Maintenance  Engineer,  Illinois  State   Hioluvav   Department.  Section   2a.     The  contractor  shall   furnish   all   labor,   workmen 

-.,,.       .      ,           "1.       i.    n^  r.nr\        -1            j- ~       i  i-       i  •    1.  ^""  mecnanics  and  all  teams  required  for  the  proper  performance 

Illinois   has   about   95,000   miles   of   public    highways,  ^f    ..aid    work;    also    all    small    tools    and     appliances,     such    as 

of   which    less    than    12    per    cent    have    been    improved.  lanterns,  rubber  hoots,  shovels,  picks,  axes,  hammers,  drills,  bars. 

Approximately   1   per  cent  of  the   improved    roads   have  wheel-barrows,   plows,    harrows   and   tools   and  appliances   of   like 

been  constructed  of  brick,  concrete  or  bituminous  con-  character.                             ,       ^  ,,     , 

.          _,               •      -4.        ^  /i        •                   ,   J.             1  •              J  bection   2b.     The   contractor  .shall   also   furnish   all   machinery 

Crete.      The   majority   of  the    improved   township    roads  required,    such    as   c-.ncrete   mixers,    steam    shovels,    road    rollers, 

have  been  constructed  of  gravel  or  crushed  stone,  with  graders,  etc. 

little  attention  paid  to  drainage,  materials  used  or  reC-  section  2c.     The  commission  shall  furnish  all  material,  such  as 

Ognized    standards    of    construction.       Many    of    the    so-  ^^J^^"    stone     cement,    pipes,    etc.,    all    materials    so    furnished   to 

,,     ,                   ,               ,          ,         ,  ,    ,           ,             ,                      11  be  the  property  of  the  commonwealth. 

called     gravel      roads     should    be    classed    as    sand-clay  section  2d.     The  contractor  shall  insure  at  his  own  expense  in 

roads.      The  majority  of  the  macadam  roads  that   have  accordance   with   the  provisions  of  the  Workmen's  Compensation 

been  constructed  do  not   deserve   the   name  and   should  -^^t,   all  of  the   laborers,   workmen   and    mechanics   in   his   employ 

be  classed  merely  as  stone  roads.  ''''°  '"='^'  ^^  engaged  in  the  work  herein  contemplated. 

During  1917  township  officials  spent  approximately  The  provisions  for  payment  by  the  state  for  labor 

$8,000,000    in    the    construction    and    maintenance    of  and  rental  of  machinery  were  as  follows: 

township   roads   and   bridges.      It    is   estimated   that   at  For  all  labor  and  teaming  the  actual  cost  thereof  to  the  con- 
least  50  per  cent,   or  $4,000,000,  was  spent  in  the  con-  tractor   as   shown   by  his   paid   pay  rolls   approved   by   the   time- 
Struction    of    bridges.       It    is    further    estimated    that  deeper  employed  by  the  commission    provided,  however,  that  the 
,        .   mi  /^<^rv  /^rvn                       i.  ■      ii                 i         i-           j?  1        J  amounts  to  be  paid  to  said  contractor  under  this  item  shall  not 

about  $1,000,000  was  spent  m  the  construction  of  hard  exceed  the  following  sums- 
surface  I'oads  and  another  $1,000,000  in   supervision      For  laborers  $3.00  per  day 

and  overhead.    There  was  left,  therefore,  a  balance  of  I^J!  ^"r" man''^"'^ !'.".'' .^".';^'^ :://.::.y.:..\::::.::::  IZ  per  day 

$2,000,000.  or  $21  per  mile,  that  was  used  in  the  main-     For  superintendent  .' . . .  7.00  per  day 

tenance  of  all  types  of  roads.      This  deficiency  in  main-  ^'o  allowance  to  be  made  to  said  contractor  for  or  on  account 

tenance  funds  'is  the  chief  reason  why  Illinois  has  a  ?^  "'.^  purchase  or  use  of  such  tools,  appliances  as  are  furnished 

.                               1      1            1             1        1       ".J            ,               1  bv  him  under  the  provision  of  Section  2a  of  this  contract, 

great  many  very   bad   roads   and   why   it   ranks   so   low  p^,.  ^^e  use  of  a  steam  shovel,  while  necessarily  on  the  site  of 

among  the  states  in  improved  roads.  the  work,  $20  per  day. 

Experience    has    shown    that    it    is    much    easier    to  For  the  use  of  a  grader,  while  necessarily  on  the  site  of  the 

maintain  all  types  of  road  after  they  have  been  prop-  ■"ork,  ji.j  per  day.                     „       „                ,.      ,  ^    .  , 

,                  i         i.     ,           1     1       •        1          1       ■         i                       i    ii  For   tne    use    of    a    steam    roller,    6    ct.    per    lineal    foot    for   all 

erly  constructed  and  drained.     A  great  many  of  the  loadwav  roiled 

improved    roads    of     Illinois     have      not    been    properly  For  "the   use   of  air  compressor,    driU  outfits,    while  necessarily 

graded  and  drained.    The  maintenance  expense  on  the  °"  ""■«  ^"«  °f  "^«  work,  $3  per  day. 

,             ,  .                1      ii          .<•             ■                                 •!  For   the   use   of   crusher,   bins,    screen,    etc.,    while   necessarily 

average    township    road,    therefore,    is    unnecessarily  g,,  ^;,g  j,j^g  ^^  ^^^^  ^^^^^  55  p^^  ^^y. 

high   and  the   results    obtained   in    many   cases    unsatis-  No  increase  in  the  above  allowance  shall  be  made  except  with 

factory.  the  written  consent  of  the  commi.'^sion. 

On  all  state  aid  roads  in  1917  the  expense  of  cutting  The  unit  bidding  prices  on  this  particular  job  and 

weeds,    dragging    side    roads,    cleaning    ditches,    etc.,  the  estimated  quantities  bid  on  were  as  follows: 

known  as  "upkeep,"  amounted  to  $51  per  mile  of  road.  unit 

The  "upkeep"  cost  was  approximately  the  same  for  all  Excavation  or  embankment,  except  ledge.. 2M00 ""''yd.             $ad5 

types  of  roads.    The  expense  of  maintaining  the  wear-      Borrow    2,000  cu.  yd.  .05 

.  „  .  ,     ,'  ,,  .       ,  .    ,,  Ledge    excavation     400  cu.  yd.  .10 

ing  surface  or  traveled  way  was  the  greatest  variable,  c-.norete  masonry  and  use  of  mixer.  i:2^4:5     320  cu.  yd.             .60 

as  this  part  of  the  expense  depended  upon  the  type  of  f r™*" wat'e*rpVe;"if  in"  ^^':^. ::::::::::::::.      Vo^unT            M 

road  and  traffic.  iron  water  pipe,   18   in 70  lin.  ft.  .05 

Tjr  •,  •  etrri  *i      J?        j.1  1  I.'    1.1  Corr.   iron  pipe,   12  in fiSO  lin.  ft.  .02 

If  it  requires  $51  per  mile  for  the  upkeep  on  highly      corr.  iron  pipe,  is  in soo  un.  ft.  .02 

improved  roads,  it  is  readily  seen  that  $21  per  mile  is  ft^^"n''^"§„in|"'^.'^'''^.'^"^';^..''.^'\ ;;;;;;.  ;;;;;;i4,6                          io? 

entirely  inadequate  for  the  maintenance  and  upkeep      Grubbing  and  clearing  '      9  acres         13.00 

on  the  average  unimproved  township  road.  CoScre'tT^naso'i!l??'lndu.s6of'mixer,'i;2:4::      40  cu!  yd!             '.lo 

The  answer  is  that  more  money  must  be  provided      Rustic  fencing  2.600  lin.  ft.  .02 

to  meet  the  expense  of  maintenance  and  upkeep  on  It  should  be  stated  that  on  this  contract  the  above 

all  roads,  thereby  insuring  better  service  to  the  in-  profit  prices  were  bid  extremely  low  as  the  contractor 

creasing  traffic.  expected  to  make  money  out  of  his  commissary. 
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Road  Building  at  the  Front 

One  of  thu  most  iiitircsiiiitj  ailiiresse.s  lii'livered  at 
the  recent  5th  Canadian  tiood  Koads  Congress  was 
that  of  Lt.  Col.  William  C  Mac  Kendrick,  Director  of 
Kojid.s,  Fifth  British  Army.  In  his  address,  iiuota- 
tions  from  which  are  given  below,  Col.  Mac  Kendrick 
described  his  e.xperiences  in  road  buildinK  for  the 
Canadian  and  EnKli-^h  arpiics  in  France. 

"My  first  job  of  road  building  in  France  was  for 
the  Canadians.  I  was  put  in  charge  of  1,000  Belgian 
refugees — civilians — who  were  paid  4  francs  each 
per  day  for  working  on  the  roads.  These  men  had  to 
walk  from  7  to  12  miles  per  day  before  they  reached 
their  work,  and  then  walk  that  distance  back  home 
again  in  the  evening.  Was  it  any  wonder  that  they 
had  no  energy  left  for  their  work?  Motor  lorries 
were  employed  to  collect  workmen,  and  within  a  month 
the  work  showed  very  satisfactory  results. 

"These  Belgians  were  divided  into  32  gangs,  with 
a  foreman  for  each  gang.  At  the  end  of  the  month, 
the  paymaster  handed  in  cash  to  each  foreman  the 
pay  for  his  gang  without  any  check  whatever  upon 
whether  the  cash  reached  its  ultimate  destination, 
and  without  any  check  on  the  number  of  men  em- 
ployed or  the  hours  which  they  worked.  These 
methods  were  changed  and  soldiers  appointed  as 
time-keepers,  thus  saving  something  like  30,000  francs 
per  month  in  the  pay  roll  by  cutting  out  the  loafers, 
etc. 

"Moreover,  modern  methods  of  handling  these  men 
greatly  increased  their  output.  Six  gangs  working 
in  the  woods  getting  out  defense  pickets,  posts  and 
other  timber,  trebled  their  output.  Ten  gangs  in  the 
quarries  getting  out  stone  also  trbled  their  output. 
The  other  16  gangs  were  on  the  actual  road  making, 
and  their  output  was  doubled.  The  Belgians,  when 
given  proper  superintendence,  make  excellent  work- 
men. 

"Before  the  war  the  French  roads  were  in  good  re- 
pair, but  they  were  greatly  overworked,  even  the 
routes  Nationale.  The  heavy  guns  ground  the  stone 
to  powder  and  the  roads  went  to  pieces  fast,  especially 
in  the  spring  and  fall. 

"In  1916  was  sent  to  the  Somme  to  make  roads  for 
the  Fifth  British  Army.  There  were  250  miles  of 
broken-down  roads  that  they  had  been  fighting  over 
for  months.  The  stuffing  of  these  roads  was  gone, 
and  they  wanted  them  re-built  so  that  they  could 
fight  over  them  again  within  three  months.  The  cen- 
ter of  the  road  was  often  a  ditch  holding  water  and 
mud  from  8  to  10  in.  deep,  of  the  consistency  of  pea 
soup." 

"We  gathered  all  the  officers  of  the  various  corps 
and  told  them  what  we  wanted  done;  nevertheless, 
we  could  not  get  sufficient  stone.  But  for  5  miles  of 
the  road  leading  out  from  Acheux,  we  picked  the 
stone  off  the  outer  6  ft.  of  each  side  of  the  road  and 
threw  it  to  the  inner  6  ft.,  so  that  we  had  12  ft.  of 
fairly  good  road  in  the  middle.  Later  the  director 
of  roads  gave  us  four  and  five  times  the  quantity 
of  .stone  we  had  before,  and  timber  as  required,  so 
we  never  lacked  material  to  work  with  after  he  took 
charge." 

"When  'the  big  push'  was  on  we  could  not  get  stone. 
As  a  result  we  canvassed  the  surrounding  country 
for  ever.vthing  that  could  be  put  onto  the  roads.  Con- 
sequentlv,  there  are  many  villages  of  which  not  a 
single  brick,  stick  or  .stone  is  left.  We  took  the  bricks 
from  the  houses  and  from  the  ruins  and  put  them 
on  the  roads.  We  carted  the  stones  from  the  broken 
walls.      The   army,   as   they    advanced,    used     all     the 


wood  for  fires  to  cook  their  meals,  etc.  We  used  the 
larger  timbers,  roof-rafter.s,  etc.,  to  fill  up  shell  holes 
and  to  plank  muddy  places.  It  is  a  fact,  therefore, 
that  of  many  villages  there  is  not  a  trace,  virtually 
not  one  stone  being  left  on  top  of  another.  One  vil- 
lage of  2,000  inhabitant.s,  that  I  have  in  mind,  has 
disappeared  absolutely  with  the  exception  of  a  piece 
of  granite  block  which  was  laid  where  the  center  of 
the  village   hati   been. 

"The  road  north  from  Albert  to  Bapaume  was 
for  a  time  the  only  line  of  communication  to  the  Brit- 
ish front,  and  everything  that  went  up  to  the  army 
traveled  over  that  road.  It  was  built  of  -t  in.  of  gravel 
on  sand  foundation  on  clay.  The  caterpillars,  weigh- 
ing 17  tons,  shook  it  to  pieces  with  their  incessant 
pounding.  We  had  previously  had  300  motor  lorries 
on  our  road  work,  but  they  had  taken  away  all  but 
23,  and  I  had  a  strenuous  time  getting  200  more  and 
stone  to  fix  that  road,  but  we  finally  got  it  rebuilt  and 
in  splendid  condition. 

"Altogether,  I  had  764-' .i  miles  of  army  roads  under 
my  care  at  that  time.  Besides  the  motor  lorries,  we 
had  about  300  general  ser\'ice  wagons,  56  road  rollers 
and  12,000  men. 

"Many  of  these  roads  were  blown  to  pieces  by  the 
Germans.  When  I  first  went  to  Flanders  I  saw  that 
planks  were  the  only  thing  that  would  save  the  sit- 
uation, but  I  could  not  get  the  planks.  A  plank  road 
costs  less,  and  can  be  built  20  times  as  fast,  and  over 
some  kinds  of  ground  will  carry  traffic  that  stone  will 
not  carry.  The  shell  holes  on  some  of  the  roads  were 
from  5  ft.  to  15  ft.  in  diameter.  When  it  rained  for 
a  week,  as  it  would,  these  holes  would  fill  with  water 
and  stay  full.  I  pointed  out  how  impossible  it  was 
to  build  macadam  roads  under  these  circumstances, 
and  asked  for  planks.  When  the  new  trans- 
portation department,  under  Major-General  Sir  Eric 
Geddes,  got  to  work,  they  secured  millions  of  railway 
sleepers  for  road  building;  also  3-in.  planks,  which 
were  used  by  all  the  armies  in  their  advances  on  the 
western  front.  Sir  Douglas  Haig,  in  his  despatches 
since  then,  has  told  of  the  value  of  those  plank  roads 
to  the  British  army.  At  Vimy  Ridge,  Pas.schendaele 
ynd  Messines,  he  said,  the  army  could  not  possibly 
have  advanced   without   them. 

"We  found  the  method  of  building  a  Telford  road 
in  France,  putting  the  stone  on  edge  and  then  using 
small  stone  on  top,  did  not  carry  the  heavy  lorry 
traffic.  Even  20  or  30  in.  of  stone  so  placed  did  not 
hold  the  road  up  in  place.  We,  therefore,  changed 
the  method  and  laid  stones  on  their  flattest  side,  then 
filled  in  4-in.  stone  on  top  for  a  total  depth  of  9  in., 
putting  a  good  crown  on  the  stone  and  rolling  where 
possible.  Under  these  methods,  we  found  that  we 
were  getting  much  better  roads  for  one-third  the  cost, 
and  that  our  roads  wuold  carry  the  heaviest  kind  of 
motor  traffic. 

"The  stone  was  mostly  a  soft  limestone.  In  six 
weeks  even  6  in.  of  this  stone  would  be  ground  to 
powder  and  blown  away.  We  found  that  4,  5  and  G- 
in.  stone  were  the  best  sizes  to  carry  the  motor  traffic 
for  soft  spots.  The  2-in.  stone  would  "mush  up'  in 
wet  weather,  having  too  small  a  base  and  not  enough 
bearing  power  to  carry  the  traffic. 

"At  Verdun  the  French  road  builders  undoubtedly 
saved  the  day.  The  Germans  had  totally  interrupted 
their  railway  transportation  on  what  was  then  the 
only  railroad  loading  up  to  the  French  front  at  that 
point.  A  French  road  engineer  organized  regular 
schedules  of  motor  freight  trains.  The  trains  left  at 
definite   intervals,  just  as  on  a  railroad,  and  ran  to 
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schedule.  If  a  motor  broke  down  or  was  delayed,  it 
was  shoved  to  the  side  of  the  road.  In  this  way  sup- 
plies of  materials  of  all  sorts  were  kept  up  for  three 
months,  and  this  was  undoubtedly  the  saving  of  Ver- 
dun, and  thereby  the  saving  of  Paris." 


War  Time  Policy  in  Road  Building 

The  following  statement  was  issued  last  week  by 
the  U.  S.  Department  of  Agriculture: 

Governmental  agencies  dealing  with  highway  prob- 
lems fully  recognize  the  vital  military  and  economic 
importance  of  the  country's  roads,  according  to  a 
letter  from  Secretary  of  Agriculture  Houston  to  Ar- 
thur H.  Fleming,  Chief  of  the  State  Councils  Section, 
Council  of  National  Defense. 

The  secretary,  whose  department  administers  the 
Federal  Aid  Road  Act,  stated  also  that  the  Govern- 
ment recognizes  that  it  is  necessary  to  construct,  re- 
construct or  maintain  roads  essential  for  military  and 
vital  economic  purposes  and  to  defer  action  on  roads 
not  of  this  class;  and  that  it  is  desirable,  wherever 
possible,  to  use  local  materials  for  road  building  and 
maintenance  in  order  to  relieve  railroad  traffic. 

Important  highways,  as  described  in  the  secretary's 
letter,  include  only  those  utilized,  or  to  be  utilized,  by 
the  military  establishment,  those  which  carry  a  con- 
siderable volume  of  materials  and  supplies  essential 
to  war  industries,  and  those  which  have  a  bearing  on 
the  production  and  distribution  of  food  supplies,  con- 
i.ecting  population  and  shipping  centers  with  sur- 
rounding agricultural  areas. 

Duties  of  Highway  Council. — Attention  is  called  to 
the  formation  of  the  United  States  Highway  Council. 
This  body  was  suggested  by  the  secretary  to  co-ordi- 
nate Federal  agencies  interested  in  highway  problems. 
The  council  is  made  up  of  a  representative  each  from 
the  Department  of  Agriculture,  the  War  Department, 
the  Railroad  Administration,  the  Fuel  Administration 
and  the  War  Industries  Boards.  It  will  form  a  unified 
agency  for  dealing,  on  behalf  of  the  Federal  Govern- 
ment, with  highway  construction,  maintenance  and 
policies.  It  will,  of  course,  through  the  Office  of  Pub- 
lic Roads  and  Rural  Engineering  of  the  Department, 
continue  the  close  contact  already  established,  both 
formally  by  law  and  informally  by  practice,  with  the 
state  highway  commission  in  each  state. 

The  Office  of  Public  Roads  and  Rural  Engineering 
and  the  Highways  Council  will  actively  consider  the 
supply,  for  highway  purposes,  of  road  oils,  asphalts 
and  other  bituminous  road  materials  controlled  by 
the  Fuel  Administration,  and  the  matter  of  priority 
production  for  highway  materials  controlled  by  the 
War  Industries  Board.  They  will  also,  in  contact  with 
the  Railroad  Administration,  aid  in  securing,  so  far 
as  practicable,  facilities  for  the  transportation  of  road 
materials  and  supplies.  Furthermore,  the  Office  of 
Public  Roads  and  Rural  Engineering  will  act  as  the 
medium  for  furnishing  information  and  assistance  on 
highway  problems,  especially  to  state  highway  author- 
ties  in  meeting  the  various  difficulties  which  they  en- 
counter. 

Work  Planned  Before  War. — When  the  United  States 
States  entered  the  war  the  work  of  planning  state 
highway  systems,  so  that,  as  far  as  necessary  and 
feasible,  they  would  connect  with  the  systems  of  other 
states,  was  well  under  way.  This  resulted  from  efforts 
to  administer  the  Federal  Aid  Road  Act,  so  that  the 
roads  of  vital  importance  for  economic,  military  and 
other  purposes  should  first  be  dealt  with.  The  Fed- 
eral  Aid   Road   Act — involving  an   aggregate   5-year 


expenditure,  directly  and  from  state  and  local  funds, 
of  $160,000,000  in  addition  to  at  least  $200,000,000 
spent  independently  each  year  by  the  states — provides 
that  the  states  must  maintain  the  roads  and  that  be- 
fore any  money  can  be  expended  the  roads  must  be 
selected  and  approved  and  plans,  specifications  and 
contracts  submitted.  It  also  provides  that  the  Fed- 
eral Government  must  inspect  the  construction  of  the 
roads. 

War  Road  Policy  Adopted. — Soon  after  the  United 
States  entered  the  war,  the  Department  of  Agriculture 
requested  the  State  Highway  Commissions  to  join  it 
in  directing  expenditures  only  on  roads  of  prime  im- 
portance for  economic  and  military  purposes.  In  this 
undertaking,  the  secretary  says,  the  department  has 
received   the  co-operation  of  state  authorities. 

The  department  has  been  actively  co-operating  with 
the  Capital  Issues  Committee  in  its  task  of  keeping 
out  of  the  market  road  bonds  the  issuance  of  which 
was  not  urgent  from  the  point  of  view  of  aiding  the 
nation  in  winning  the  war. 

The  secretary  also  calls  attention  to  the  fact  that 
road  engineers  have  been  provided  by  the  depart- 
ment for  each  of  the  army  cantonments  and  for  work 
on  roads  elsewhere  in  which  military  authorities  were 
interested. 


Maintenance  and   Repair  Costs  of   Con- 
necticut Roads  Doubled  in  Last 
Four  Years 

Expenditures  for  ordinary  maintenance  and  per- 
manent repairs  of  trunk  line  roads  in  charge  of  the 
State  Highway  Department  of  Connecticut  have  nearly 
doubled  during  the  past  4  years.  The  figures  for  the 
4  years,  according  to  the  annual  report  of  Charles  J. 
Bennett,  State  Highway  Commission,  for  the  year  end- 
ing Sept.  30,  1917,  are  as  follows: 

Miles                Ordinary  Permanent 

maintained,  maintenance.  repairs. 

1913-14 744.57                 $587,182  $197,917 

1914-15 906.92                   666,762  214,175 

1915-16 915.76                    567,130  414,479 

1916-17 923.43                   709,420  7S6.067 

The  above  figures  do  not  include  the  cost  of  super- 
vision and  equipment.  The  item  permanent  repairs 
covers  the  placing  of  hard  pavements  on  roads  already 
constructed.  The  item  "ordinary  maintenance"  also 
covers  the  cost  of  oiling  state  aid  roads,  the  mileage 
of  which  is  not  included  in  the  above  figures.  The 
cost  of  oiling  for  1916-1917  was  $87,112.  The  average 
unit  cost  of  maintenance  and  permanent  repairs  on 
the  923.43  miles  of  truck  line  roads  for  the  year  Oct. 
1,  1916,  to  Sept.  30,  1917,  was  as  follows: 

Per  mile. 

Repairs    $  91.72 

Maintenance    579. 7S 

Permanent    repairs    861.25 


Effect  of  Tractive  Resistance  on  Cost  of  Hauling. — 

Tests  were  made  recently  by  the  Packard  Motor  Car 
Co.  to  determine  the  relative  values  of  different  roads 
as  regards  resistance  to  tractive  efforts.  It  was  found 
that  unsurfaced  concrete  offered  a  resistance  of  30 
lb.  to  the  ton,  surfaced  concrete  50  lb.,  gravel  82  lb. 
and  dirt  roads  99  lb.  The  experiment  was  performed 
with  a  Packard  3-ton  truck  carrying  a  capacity  load 
and  operating  at  a  speed  of  12  miles  an  hour.  Tak- 
ing the  unsurfaced  concrete  as  standard,  the  truck 
will  make  7.2  miles  per  hour  over  surfaced  concrete, 
4.8  miles  per  hour  over  gravel  and  3.6  miles  per  hour 
over  dirt  roads.  This  makes  a  relative  cost  of  $0,167, 
$0,194,  $0,207  per  ton-mile  in  the  last  three  instances. 
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Oiling  Macadam  Streets* 

Swet-piiiji;  Oil  tin-  Dust.  On  country  .stone  roads, 
where  frequently  the  dust  lies  inches  deep  in  layers, 
a  horse  sweeper  could  be  u.sed  with  Kreat  benefit  and 
iit  very  little  added  e.xpense  to  remove  this  surface 
material  to  the  side  of  the  road,  where  it  could  be 
taken  care  of  by  different  means,  dependin);  upon 
the  environment.  I  have  in  mind  many  country  roads 
where,  regardless  of  the  character  of  the  surface  of 
the  road  and  the  amount  of  dust  and  loose  material 
on  the  road,  the  oil  cart  goes  along  and  sprinkles  the 
sand.  It  is  only  a  short  time  before  that  oil  dust  is 
blowing  with  every  vehicle  that  passes,  making  the 
actual  dust  conditions  much  more  disagreeable  than 
the  ordinary  dry  state  of  the  dust.  Oiling  performed 
after  cleaning  is.  much  more  effective,  and  I  am  of 
the  opinion  that  the  results  warrant  the  small  ad- 
ditional e.xpense  of  such  cleaning. 

Selecting  the  Oil. — Having  prepared  the  road  sur- 
face, the  ne.xt  consideration  is  the  character  of  the 
material  which  is  to  be  used  and  the  method  of  its 
application. 

Asphaltic  petroleums  and  tar  products  are  the 
most  common  materials  used  for  this  purpose.  Until 
recently  they  have  been  easily  obtainable.  They  lend 
themselves  readily  to  distribute,  and  prior  to  war 
prices  were  an  economic  material  for  this  purpose. 

The  asphalt  petroleum  is  sold  commercially  as  a 
40  per  cent,  60  per  cent  and  80  per  cent  asphaltic 
oil,  increasing  in  specific  gravity  in  the  order  named. 
The  tar  products  are  sold  under  trade  names  which 
indicate  varying  degrees  of  specific  gravity,  the  pur- 
chaser purchasing  that  particular  product  which  is 
most  suitable  for  his  requirements. 

Our  experience  in  Hamilton  has  proved  that  what 
is  known  as  a  "light  road  oil"  or  a  "medium  road  oil" 
for  cit.v  work  may  be  used  with  great  effectiveness. 
In  some  cities  a  considerable  lighter  oil  is  used  than 
the  "light  road  oil,"  but  this  requires  a  more  fre- 
quent application  with  a  consequent  increased  cost. 

Ordinarily,  except  under  very  heavy  traffic,  one 
application  per  season  has  been  found  to  be  sufficient 
of  the  40  per  cent  and  60  per  cent  asphaltic  petrol- 
eum. The  lighter  grades  of  oil  may,  however,  be  ap- 
plied earlier  in  the  season  and  without  the  necessity 
of  heating  in  order  to  facilitate  distributfon.  They 
are  easily  absorbed,  dry  out  more  quickly  and  re- 
duce the  dust  nuisance  during  the  late  spring  and 
early  summer  months.  Light  oils  are  applied  also 
in  smaller  quantities  than  the  heavier  oils,  as  low  as 
.085  gal.  per  square  yard  being  found  sufficient  for 
good  results.  This  is  a  very  low  figure.  It  is  the  To- 
ronto figure.  It  is  necessary  to  go  over  these  roads 
two  or  three  times  a  year,  but  they  do  away  with  that 
sticky  condition  which  obtains  in  the  use  of  heavier 
oils. 

Road  Surface  Should  Be  Warm  and  Dry. — Much 
better  results  are  obtained  if  the  road  surface  is  warm 
when  the  oil  is  applied,  as  diffusion  through  and  over 
the  surface  then  readily  takes  place  before  the  oil 
congeals.  This  is  especially  applicable  to  the  heavier 
bituminous  materials.  The  surface  should  be  free 
from  moisture. 

I  was  going  to  put  it  stronger  and  say  it  "must" 
be  free  from  moisture.  We  have,  however,  been 
caught  out  in  a  rainstorm  with  a  cart  full  of  oil,  and 
continued  work.     If  the  sun   came    out    and    dried 

•From  a  paper  presentetl  Ia«t  May  hy  K.  R.  Gray,  r-iiy  Kn- 
Cfneer,  Hamilton,  Ont. 
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things  up  quickly,  it  wa.s  not  so  bad.  But  we  have 
had  difficulty  where  the  oiling  was  performed  on 
damp  surfaces,  in  getting  proper  drying  and  pene- 
trating effect. 

Applying  the  Oil. — Heat  is  usually  nece.ssary  in  the 
application  of  the  heavier  road  oils.  In  Hamilton, 
where  last  year  and  this  year  we  are  using  a  medium 
asphalt  road  oil;  i.  e.,  an  asphaltic  oil  which  under 
certain  conditions  of  test  contains  an  average  of  06 
per  cent  of  the  original  asphaltic  petroleum,  the  oil 
is  first  heated  in  large  steel  tanks  by  steam  coils  to 
a  temperature  of  from  100  to  150  ,  and  pumped  into 
ordinary  oil  carta,  from  which  the  oil  is  distributed 
by  gravity  on  to  the  street. 

The  method  of  procedure  is  as  follows:  The  street 
is  first  thoroughly  swept  by  horse  brooms  and  all  the 
loose  material  that  is  practicable  is  cleaned  from  the 
surface  of  the  .street  and  removed.  Oil,  while  hot, 
is  then  applied  by  a  gravity  sprinkler  at  the  average 
rate  of  '«  gal.  per  square  yard  of  road  surface. 
Coarse  rock  screenings  and  stone  dust  are  then  dis- 
tributed by  hand  over  the  surface  of  the  oiled  road 
in  order  more  quickly  to  absorb  the  oil  and  prepare 
the  road  to  receive  traffic. 

In  calculating  that  figure  of  ^h  gal.  per  square  yard 
of  road  surface,  we  measured  the  road  from  curb  to 
curb.  The  sprinkler  does  not  sprinkle  the  whole  width 
of  the  street,  but  the  whole  width  is  effectively  oiled, 
in  that  a  certain  amount  of  the  oil  runs  down  the 
crown  and  effectively  oils  the  portion  next  to  the 
curb,  so  that  I  feel  it  is  right  and  fair  to  consider 
that  the  whole  road  surface  is  oiled. 

Ordinarily  the  .street  is  not  closed  to  traffic.  Better 
results  would  be  obtained  here  if  the  streets  were 
closed  from  24  to  36  hours  after  the  oil  application, 
in  order  to  allow  a  certain  amount  of  absorption  and 
hardening  of  the  oil  to  take  place  before  traffic  is  al- 
lowed on  the  street.  On  busy  city  streets,  however, 
this  is  hardly  practicable.  When  we  are  oiling  up 
one  street  and  down  another,  we  would  have  a  large 
section  of  the  city  completely  ostracized  from  the 
rest  of  the  town  e.xcept  by  pedestrian  traffic,  and  this 
would  cause  great  inconvenience.  We  find  it  does 
not  cause  really  serious  difficulty  to  let  the  traffic  go 
right  over  the  street  after  it  is  oiled. 

The  amount  of  oil  used  depends  altogether  upon 
the  character  of  the  surface  being  treated  and  the 
extent  of  the  coating  desired.  It  varies  from  ig  to 
'  I  gal.,  and  sometimes  '  -  gal.  per  square  yard. 

The  Cost  of  Oiling. — The  average  cost  at  Hamilton 
last  year,  without  regard  to  overhead  such  as  super- 
intendence, engineering,  repairs  to  plant,  deprecia- 
tion, insurance,  etc..  was  $.01673  per  stiuaro  yard,  or 
$1,673  per  100  sq.  yd.  This  is  equivalent  to  $235  per 
mile  of  24-ft.  roadway,  or  a  little  less  than  2' j  ct. 
per  lineal  foot  of  frontage. 

I  was  surprised  when  we  began  to  figure  up  our 
overhead  in  connection  with  our  road  oiling  proposi- 
tion. Our  repairs  to  our  little  pump  at  the  yard 
where  we  have  our  tanks,  the  cost  of  steaming,  heating, 
the  repairs  to  our  tank,  the  depreciation,  insurance, 
.  etc.,  amounted  to  31  per  cent  of  our  total  cost.  I  went 
into  that  very  carefully.  I  was  thunderstruck,  but 
that  is  what  keeping  costs  tells  us. 

Ordinarily,  unless  costs  are  very  carefully  analyzed, 
and  a  knowledge  of  conditions  obtained,  the  figures 
are  apt  to  be  misleading  rather  than  instructive. 
They  vary,  depending  upon  the  price  of  labor,  mate- 
rial and  the  methods  adopted,  so  that  real  efficiency 
must  be  judged  on  a  basis  of  these  considerations. 
7) 
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Ib^'v/cost^?^  ^^''  "'''''  ^'^'^  applicable  to  the  5,000,000  Motof  CaFs  ill  United 

Teams  per  hour   $O.Tn  S'l"ilt"P*» 

Labor  per  hour  35  ^^  l.«l.to 

Oil   per  gallon    0!)6 

Screenings  per  ton  85  A  total  of  4,983,340  motor  cars,  including  commer- 

The  screenings  were  distributed  by  shovel  from  a  cial  vehicles,  were  registered  in  the  United  States  in 
wagon  traveling  slowly  along  the  street.  1917,  according  to  the  Management  Branch  of  the  U. 
S.  Office  of  Public  Roads  and  Rural  Engineering. 

Road  Machine  Drawn  by  Tractor  '^^^  ^"™  °^  $37,501,237  was  collected  in  registra- 

jy  ,  J.  o  n  1  ^^°^  ^"^  license  fees,  including  those  of  chauffeurs, 
Used  tor  ^nOW  KemOVal  operators,  and  dealers.  As  compared  with  1916  this 
A  road  machine  hauled  by  a  tractor  was  employed  represents  an  increase  of  1,470,344,  or  44  per  cent,  in 
last  winter  by  the  Street  Department  of  Worcester,  the  number  of  cars  and  $11,637,867,  or  45  per  cent 
Mass.,  in  snow  removal  work.  An  old  Champion  road  in  revenues.  Approximately  this  same  rate  of  in- 
machine  was  attached  by  a  goose  neck  to  a  Knox  trac-  crease  over  each  preceding  year  has  continued  during 
tor,  as  shown  in  the  accompanying  illustration.  The  the  past  5  years.  There  is  as  yet  no  indication  that 
outfit  was  used  both  for  smoothing  up  streets  where  either  the  curve  for  motor  cars  or  that  for  the  motor- 
the  automobile  traffic  had  deeply  rutted  the  snow  sur-  vehicle  registration  revenues  is  approaching  a  maxi- 
faces,  and  for  the  purpose  of  pushing  aside  surplus  mum  or  has  even  reached  the  saturation  point, 
snow  so  as  to  give  a  motor  traffic  roadway  wide  enough  There  is  very  little  definite  information  available 
for  two  trucks  to  pass.  The  outfit  proved  particularly  as  to  the  number  of  motor  cars  in  countries  other  than 
eflSective  for  plowing  out  gutters  to  get  a  proper  flow  the  United  States.  According  to  the  best  available 
cf  the  water.  The  road  machine-tractor  unit  was  very  data  and  estimate,  however,  about  85  per  cent  of  all 
flexible  and  gave  far  better  results  than  had  been  ob-  the  motor  cars   at  present   in    existence    are   in   the 


Road    Machine   Was   Reconstructed    in   the    Head    End    so   as   to    be     Drav 


tained  from  the  horse-drawn  machines  which  had  been 
used  previously.  During  the  next  winter  it  is  planned 
to  put  the  machine  in  operation  on  downtown  streets 
late  in  the  evening,  when  traffic  has  left  the  street, 
throwing  the  material  back  from  the  center  and  ridg- 
ing it  up  toward  the  gutter  for  carting  away  by  teams 
and  trucks  on  the  following  day. 

We  are  indebted  to  Mr.  J.  C.  Blake,  Street  Commis- 
sioner of  Worcester,  for  the  matter  in  this  article. 


Testing  Laboratories  Should  Collect  Their 
Own  Field  Samples 

In  a  discussion  of  the  special  report  of  the  Am. 
Soc.  C.  E.  committee  on  road  materials,  Mr.  J.  0. 
Preston  suggests  that  the  only  safe  procedure  for 
sampling  highway  materials  is  to  have  trained  men  in 
the  laboratory  for  the  purpose  of  going  into  the  field 
and  collecting  all  samples.  He  believes  that  it  will 
prove  ultimate  economy  for  state  or  municipal  labora- 
tories (and  all  other  large-scale  organizations)  if,  in- 
stead of  awaiting  samples  to  be  sent  in  for  test,  they 
develop  an  organization  to  collect  them.  This  organi- 
zation would  prove  of  great  value  in  many  other  ways; 
not  only  would  laboratory  control  be  more  complete, 
but  field  inspectors  could  be  instructed  in  the  proper 
use  of  materials.  (Engineers  seldom  have  time  for 
sufficient  instruction  in  the  field.)  The  slight  addi- 
tional cost  would  be  cheap  insurance;  it  would  aid 
both  the  engineer  and  the  contractor  to  obtain  better 
materials  and  prevent  their  misuse  or  adulteration. 


United  States.  About  200,000  cars  are  in  Canada,  in 
all  Provinces  of  which  annual  registrations  now  are 
in  force.  Probably  50,000  cars  are  found  in  all  the 
rest  of  North  and  South  America.  The  present  num- 
ber of  cars  in  Europe  is  not  known  with  any  degree 
of  accuracy.  Estimates  based  on  data  available  for 
1914  would  place  the  total  number  below  500,000,  or 
about  the  same  as  the  number  of  motor  cars  exist- 
ing in  the  two  states  of  New  York  and  Connecticut. 
Thus,  according  to  the  best  available  data,  nearly  90 
per  cent  of  all  existing  motor  cars  are  in  North  and 
South  America  and  about  10  per  cent  in  all  the  rest 
of  the  world. 

In  1906  the  total  state  registrations  were  approxi- 
mately 48.000  cars,  or  less  than  one-hundredth  of  the 
present  number  and  the  revenues  collected  in  the 
same  year  amounted  to  about  $193,000,  only  slightly 
more  than  one  two-hundredth  of  the  total  revenue 
collected  in  1917.  In  1906,  however,  the  total  gross 
revenues  amounted  to  less  than  three-tenths  of  1  per 
cent  of  the  total  rural  road  and  bridge  expenditures 
for  the  year,  and,  furthermore,  only  a  small  portion 
of  this  revenue  was  really  applied  to  road  work.  In 
1917,  however,  the  total  gross  motor-vehicle  revenue 
of  $37,501,237  amounted  to  about  12  per  cent  of  the 
total  rural  road  and  bridge  expenditures,  and  of  this 
nearly  93  per  cent  was  applied  directly  to  the  im- 
provement or  maintenance  of  the  public  roads  in  47 
states.  Of  the  total  amount  applied  to  road  work 
about  67  per  cent,  or  $23,235,898,  was  expended  more 
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or  less  directly  under  the  control  or  supervision  of 
the  state  hiKhway  departments.  The  7  per  cent,  or 
$2,812,633,  not  applied  to  road  work  was  expended 
very  largely  for  plates  and  in  carrying  out  other  ad- 
ministrative provisions  of  the  motor-vehicle  registra- 
tion laws  of  the  several  states. 


Report  Forms  for  Wisconsin  Road 
Patrolmen 

The  5,000-mile  state  trunk  hijrhway  system  of  Wis- 
consin, provision  for  which  was  made  by  legislative 
act  in  1917,  is  being  maintained  l>y  the  patrol  sys- 
tem, supplemented  in  the  majority  of  counties  by 
small  gangs  for  reconstruction  and  heavy  repair  work. 
Each  county  is  divided  into  patrol  sections  of  from  6 
to  20  miles  each.  The  sections  are  divided,  where 
possible,  so  as  to  have  only  one  type  of  road  in  a  sec- 
tion. The  county  highway  commissioner  has  direct 
charge   of  the  patrolmen,   and   maintenance   work   in 
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The   Asphalt    Industry    in    1917 

The  war  ha>  iliiiiulated  ailivily  in  the  domestic 
markets  for  asphaltic  material  derived  from  crude 
petroleum  and  fur  imported  asphalt,  but  the  relative 
abundance  and  adaptability  of  those  materials  has 
lessened  the  demand  for  the  native  bitumens  and  for 
the  varifius  types  of  bituminous  rock  produced  in  this 
lountry,  according  to  statistics  just  completed  under 
the  supervision  of  J.  U.  Northrop,  of  the  L'nited 
States  Geological  Survey,  Department  of  the  Interior. 

The  native  bitumen,  including  maltha,  gilsonite, 
flaterite  and  grahamite.  bituminous  rock,  and  ozoker- 
ite, marketed  from  mines  and  quarries  in  the  United 
States  in  ll»17  was  80.'J0-1  short  tons,  a  loss  of  17,573 
tons,  or  18  per  cent,  compared  with  191C.  The  mar- 
ket value  of  the  output  in  1917  was  $7.35,924,  a  loss 
of  $187,3.57,  or  20  per  cent,  compared  with  191G.  The 
production  of  gilsonite,  bituminous  sandstone,  bi- 
tuminous (elaterite)  shale  and  ozokerite  was  in- 
creased considerably  in  1917,  but  the  gain  credited  to 
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Dally    Report    of    Patrolman. 

each  county.  Each  patrolman  is  required  to  mail  a 
daily  report  to  the  County  Highway  Commissioner 
and  a  second  monthly  report  to  the  Division  Mainte- 
nance Engineer.  This  latter  official  has  general 
charge  of  the  maintenance  work  in  several  centers. 
The  forms  used  for  these  reports  are  shown  in  the 
accompanying  illustration.  The  daily  report  shows 
the  hours  worked  and  the  character  and  the  location 
of  the  work.  It  also  must  show  weather  conditions 
for  each  day.  The  semi-monthly  reports  are  made 
up  from  the  daily  reports. 


Trucks   and   Tractors    for   Road    DraKging.— Motor 

trucks  and  farm  tractors  are  being  u.sed  with  success 
in  dragging  roads  in  many  sections  of  Missouri.  In 
Knox  County  a  motor  truck  is  being  operated  with 
night  and  day  shifts  for  dragging  all  the  inter-county 
roads.  A  small  farm  tractor  has  been  used  with  ex- 
cellent results  in  the  inter-county  seat  road  connect- 
ing Fulton  and  .Jefferson  City. 


I-Monthly    Report    Compiled    from    Patrolman's    Dally    Report. 

these  varieties  was  insufficient  to  offset  the  loss  in 
the  production  of  elaterite,  grahamite,  and  bituminous 
limestone. 

The  quantity  of  manufactured  asphalt  (including 
road  oils  and  flux)  produced  in  1917  from  petroleum 
of  domestic  origin  increased  about  2  per  cent  com- 
pared with  19lt>,  and  the  quantity  of  corresponding 
material  manufactured  in  this  country  from  Mexican 
petroleum  increased  about  13  per  cent,  as  a  conse- 
quence of  which  the  net  gain  over  the  production  in 
1916  was  nearly  7  per  cent. 

The  total  sales  in  1917  of  manufactured  asphalt 
(lerived  from  domestic  petroleum  amounted  to  701.- 
869  short  tons,  valued  at  $7,73  l,t'>91.  This  total  in- 
cludes 327.112  tons,  valued  at  $1,011,980,  of  .solid  and 
semi-solid  products  used  in  the  |)aving  and  roofing 
industries,  and  37-1,667  tons,  valued  at  $3,722,711.  of 
liquid  products,  including  road  oils,  flux,  and  asphaltic 
paints. 

The  California   output  of  oil   asphalt   from   14   pe- 
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troleum  refineries  in  1917  aggregated  220,294  tons, 
valued  at  $2,100,252,  and  included  135,160  tons  of 
solid  and  semi-solid  products,  valued  at  $1,486,609, 
and  85,134  tons  of  liquid  products,  valued  at  $613,643. 
Refiners  handling  oil  from  the  Oklahoma-Kansas  field 
produced  206,223  tons  of  oil  asphalt,  valued  at  $1,975,- 
493,  including  73,410  tons  of  solid  and  semi-solid 
products,  valued  at  $747,651,  and  132,813  tons  of 
liquid  products,  valued  at  $1,227,842. 

The  total  sales  in  1917  of  manufactured  asphalt  de- 
rived from  Mexican  petroleum  amounted  to  645,613 
short  tons,  valued  at  $7,441,813,  and  included  338,485 
tons  of  solid  and  semi-solid  products,  valued  at  $4,- 
657,152,  and  307,128  tons  of  liquid  products,  valued 
at  $2,784,661. 

The  imports  of  native  asphalt,  oil  asphalt,  and  bi- 
tuminous rock  for  consumption  in  the  United  States 
in  1916  aggregated  187,886  short  tons  valued  at  $993,- 
115,  a  gain  in  quantity  of  40,173  tons,  or  28  per  cent, 
over  1916.  The  exports  of  unmanufactured  asphalt 
in  1917  amounted  to  30,107  short  tons,  valued  at  $587,- 
256,  a  loss  of  10,709  tons,  or  35  per  cent,  compared 
with  1916.  In  addition  asphalt  products  to  the  value 
of  $585,472,  compared  with  $494,895  in  1916,  were 
exported  in  1917. 


Iowa  Counties  Purchase  Gravel  Pits 

Twenty-one  counties  in  Iowa  bought  gravel  pits  for 
gravel  road  building  during  the  season  of  1917.  The 
total  cost  of  these  pits,  according  to  the  Service  Bulle- 
tin of  the  Iowa  Highway  Commission,  was  $20,442. 
Two  counties,  Kossuth  and  Clay,  purchased  five  pits 
each.  Calhoun  bought  four;  Buena  Vista,  Cerro 
Gordo,  Dallas,  Dickinson  and  Linn  bought  three  each. 
Buchanan  County  got  two.  Other  counties  buying 
one  each  were  Greene,  Hamilton,  Hancock,  Hardin, 
Black  Hawk,  Chickasaw,  Pocahontas  and  Wright. 
Muscatine  County  reports  the  purhase  of  a  pit  for 
$1,800. 

Iowa  County  Supervisors  under  a  special  law,  are 
authorized  to  purchase  gravel  pits  not  to  exceed  five 
acres  in  extent.  If  purchase  cannot  be  arranged  with 
owners,  supervisors  are  authorized  to  take  possession 
by  condemnation  proceedings.  Pits  may  be  pur- 
chased so  that  no  part  of  the  county  will  be  more 
than  six  miles  distant  from  pits.  The  right  is  granted 
to  township  trustees  to  take  gravel  from  these  county 
owned  pits.  Road  improvement  companies,  corpora- 
tions and  voluntary  organizations  are  also  granted 
the  same  privilege  when  the  material  is  taken  for 
public  road  improvement.  The  fine  for  using  county 
material  for  private  purposes  is  a  minimum  of  $100 
and  a  maximum  of  $500.  Supervisors  who  fail  to  take 
advantage  of  the  privilege  of  providing  gravel  pits 
are  subject  to  removal  from  office  proceedings. 


18-Ft.  Concrete  Road  Built  by  2-Slab 
Method  to  Prevent  Detours 

In  the  construction  of  an  18-ft.  concrete  state  high- 
way in  Connecticut  it  was  impossible  to  provide  satis- 
factory detours  for  the  heavy  traffic.  As  a  result  the 
road  was  built  in  two  9-ft.  sections,  separated  by  a 
longitudinal  joint.  No  attempt  was  made  to  bond  one 
side  to  the  other.  Traffic  was  allowed  to  use  first  the 
unimproved  side  and  later  the  finished  9-ft.  section. 
The  method  proved  vei-y  successful  as  a  means  for 
taking  care  of  the  congested  traffic,  although  it  was 
a  little  more  costly  and  took  more  time  than  the  full 
slab  method. 


Status  of  Federal  Aid  Road  Projects 

The  Federal  Aid  road  act  was  approved  July  11, 
1916,  nearly  2  years  ago.  The  status  of  the  work  un- 
der the  law  is  summarized  in  Public  Roads,  the  official 
publication  of  the  U.  S.  Office  of  Public  Roads  and 
Rural  Engineering. 

Up  to  and  including  Feb.  28,  1918,  there  was  a  total 
of  383  project  statements  submitted,  of  which  265 
have  been  approved,  6  disapproved,  3  canceled,  and 
4  withdrawn.  Plans,  specifications,  and  estimates 
have  been  approved  to  the  number  of  86.  The  total 
mileage  covered  by  these  projects  was  4,453.66  and 
the  total  estimated  cost  $28,164,673,  of  which  the 
state  asked  the  Federal  Government  to  assume  the 
payment  of  $11,129,816. 

In  the  number  of  projects  Texas  leads  with  36,  for 
improvements  in  29  counties.  Of  these  11  have  been 
approved.  Texas  also  leads  in  aggregate  amount  of 
Federal  aid  requested.  The  first  project  statement 
from  that  state  was  submitted  on  Oct.  13,  1917,  and 
the  last  on  Jan.  22,  1918.  They  describe  improve- 
ments upon  494.69  miles  of  road  at  an  estimated  cost 
of  $1,864,565.03,  and  Federal  aid  to  the  extent  of 
$857,453.71  is  asked.  In  1917  Texas  expended  between 
eight  and  nine  millions  of  dollars  in  construction,  im- 
provement, and  maintenance  on  about  13,000  miles  of 
road. 

In  number  of  projects  filed  Alabama  is  second  to 
Texas,  with  29  covering  improvements  in  28  counties. 

Illinois  has  submitted  a  single  project,  but  it  is  the 
longest  in  point  of  mileage  of  any  submitted,  being 
for  75.6  miles  of  concrete  and  bituminous  macadam 
resurfacing  of  the  LincolH  Highway,  at  a  cost  of 
$1,146,673.50.  The  state  requests  SO'per  cent  in  Fed- 
eral aid.  The  next  longest  single  project  is  one  in 
Georgia  of  73.85  miles  of  sand-clay  or  top  soil  to  cost 
$180,630,  of  which  the  Government  is  asked  to  as- 
sume half. 

Ohio  has  submitted  12  projects,  aggregating  some 
68.62  miles,  but  the  estimated  cost  is  $2,201,757,  and 
the  Federal  aid  requested  $651,080.  This  entire  pro- 
posed construction  is  of  either  concrete  or  brick,  with 
two  exceptions,  one  being  of  4.48  miles  with  optional 
m.acadam  or  concrete  construction,  and  another  of  5 
miles  with  optional  bituminous  macadam  or  brick. 
Ohio  leads  the  states  in  estimated  cost  of  improve- 
ments to  be  undertaken. 

Kansas  has  come  forward  with  three  projects  which 
cover  82  miles  of  construction  upon  which  it  proposes 
to  expend  $1,635,532  and  requests  only,  $245,329  of 
Federal  aid. 

Michigan  has  filed  15  statements,  of  which  12  have 
been  approved.  Plans  call  for  improvement  of  141.25 
miles  at  an  estimated  cost  of  $1,185,717,  for  which  the 
state  asks  $603,978  of  Federal  aid.  Gravel  construc- 
tion predominates  largely,  although  the  longest  proj- 
ect— 42.86  miles — is  of  graded  earth. 

Fourteen  projects,  of  which  11  have  been  approved, 
have  come  from  Iowa.  They  call  for  the  improvement 
of  239.56  miles  of  road  at  an  estimated  cost  of  $1,034,- 
525  toward  which  the  Federal  Government  is  asked 
to  contribute  $318,373.  Proposed  improvements  are 
largely  graded  earth  and  gravel.  Of  the  14  project 
statements  filed  by  Minnesota,  13  have  been  approved 
and  1  withdrawn.  Improvements  are  contemplated 
on  268.42  miles  of  road,  upon  which  it  is  planned  to 
expend  $781,673,  with  $358,742  of  it  in  the  form  of 
Federal  aid.  Considerably  more  than  three-fourths 
of  the  improvements  are  of  gravel,  the  longest  project 
of  this  type  being  for  50  miles. 
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Special  Type  of  Storm  Sewer  Inlet 

A  special  type  of  storm  sewer  inlet  built  in  lon- 
nection  \v4th  raised  street  intersections  has  triven  ex- 
cellent satisfaction  at  Boulder,  Colo.  The  inlet  is 
a  concrete  box  approximately  3  ft.  deep,  built  partly 
under  the  sidewalk  and  partly  beneath  the  gutter.  A 
vertical  openinjr  J  in.  hitrh  and  2  ft.  long  through  the 
face  of  the  curb,  with  a  cast-iron  grating  2  ft.  by  18 
in.  in  size  covering  that  part  of  the  inlet  box  beneath 
the  gutter,  allows  storm  water  to  enter  this  inlet, 
from  which  it  is  carried  by  12-in.  pipes  to  a  manhole 
near  the  center  of  the  street.  A  smaller  inlet  con- 
structed entirely  of  cast-iron,  is  also  used.  This  in- 
let has  a  sloping  bottom  and  is  not  designed  to  act 
i:s  a  catch  basin",  but  the  manhole  into  which  the  lat- 
eral pipes  from  the  inlets  discharge  is  carried  down 
in  the  form  of  a  circular  well  3  ft.  below  the  eleva- 
tion of  the  storm-sewer  leadi.ng  from  that  manhole, 
thus  forming  a  catch  basin  for  coarse  debris  c&mmon 
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Storm    Sewer    Inlet    L£ed   at    Boulder.    Co:o. 

to  all  four  inlets  at  a  typical  intersection.  The  inlets 
are  placed  back  of  the  property  lines  of  the  cross 
streets,  and  the  pavement  is  brought  up  within  1  in. 
ol  the  top  of  the  curb  around  the  intersection. 

Mr.  \V.  D.  Salter,  Director  of  Public  Service  of 
Boulder,  advises  that  the  plan  of  inlet  was  taken 
from  a  print  furnished  by  A.  G.  Gregory,  Engineer 
of  Sewers  and  Water  at  Trenton,  N.  J.  Certain  modi- 
fications, however,  were  made.  The  principal  change 
in  the  designs  as  built  at  Boulder,  lies  in  the  omis- 
sion of  the  sump  in  the  inlet.  Instead  a  sump  was 
provided  in  the  manhole  on  the  main  sewer  w'here 
the  laterals  from  the  inlets  converge. 


Maintenance   Cost  of  Concrete  Roads  in 
Milwaukee  County 

During  1917  the  Highway  Department  of  Milwau- 
kee County,  Wisconsin,  had  109.31  miles  or  1,148.167 
s(i.  yd.  of  concrete  pavement  under  maintenance.  The 
maintenance  cost  for  the  road  surfaced,  according  to 
the  last  annual  report  of  the  Department,  was  as  fol- 
lows : 

I'cital.         rer  mile.      Per  8<|.  .vd. 
I.^iIxT  $1,368  f  39.96  fO.OOSK 

Miiterlal    1,872  17.12  .0016 

Total     »57.0S  $0.0064 

The  cost  of  maintenance  of  the  shoulders  of  these 
roads  was  as  follows: 

Totul.  Prr  mile. 

I j.l>or    $  5.572  I60.97 

.Material     4,«74  45.49 

Total    J10.246  I98.46 


Resurfacinji  Wornout  Pavoments  with 
(ioncrete 

Resurfacing  worn-out  road  and  street  surfaces  with 
concrete  is  becoming  quite  common  practice.  One  of 
the  earliest  jobs  of  this  kind  was  carried  out  by  the 
city  of  Schenectady.  N.  Y.  In  1909  a  new  cement  top 
was  built  on  a  sheet  asphalt  surface,  originally  3  in. 
thick,  but  which  had  worn  down  to  1  in.  to  I'j  in. 
depth.  The  work  is  described  by  Mr.  George  A. 
Ricker  in  the  Concrete   Highway   Magazine. 

To  replace  the  asphalt  it  was  at  first  proposed  to 
use  granite  blocks,  but  as  this  would  have  necessi- 
tated cutting  out  the  old  concrete  foundation,  and  the 
blocks  would  not  have  presented  as  agreeable  an  ap- 
pearance on  the  finest  residence  street  in  the  city, 
it  was  decided  to  place  a  grooved  concrete  surface 
over  the  old  concrete  base.  A  10-ft.  strip  was  cut 
out  of  the  center  of  the  sheet  asphalt  and  replaced 
with  a  rich  concrete  that  was  3  in.  in  thickness,  to 
within  18  in.  of  the  edge,  from  which  line  it  was 
sloped  down  to  meet  the  surface  of  the  asphalt. 

The  concrete  mixture  consisted  of  1  part  cement, 
l'i>  parts  of  coarse  clean  sand,  and  3  parts  of  broken 
trap  rock  from  >m  to  '^  in.  in  size.  A  small  amount 
of  coloring  matter  was  added,  so  that  it  would  be 
nearly  the  same  shade  as  the  adjoining  asphalt  sur- 
face. Great  care  was  taken  in  forming  and  finishing. 
No  reinforcement  was  used.  This  10-ft.  strip  of  con- 
crete is  480  ft.  long,  and  has  a  grade  of  6  per  cent. 
Grooves  were  made  in  the  surface,  with  great  care 
and  exactness,  to  represent  blocks. 

Notwithstanding  the  extreme  thinness  of  this  pave- 
ment, it  has  worn  well.  But  a  few  breaks  have  oc- 
curred, and  these  have  been  patched  with  concrete 
so  skillfully  that  their  presence  is  unnoticed.  The 
surface  has  worn  some,  but  the  grooves  are  still 
plainly  shown.  The  City  Engineer  reports  that  the 
concrete  has  stood  up  well,  although  the  sub-soil 
here,  as  at  most  points  in  Schenectady,  is  very  bad — 
that  the  asphalt  along  the  side  of  this  concrete  strip 
to  the  curb,  has  settled  2  in.  within  the  last  two  years. 

Here  is  an  extract  from  the  specification,  under 
which  this  pavement  was  made  that  has  really  given 
such  remarkable  service  in  8  years  of  hard  wear: 

Snnd  and  cement  mixed  dry.  then  water  added  In  make  a 
paste.  ai,d  thorouKhl.v  mixed.  Broken  mone.  prevlouKly  moist- 
ened, .shall  be  added  and  thoroughly  mixed.  No  coneretc  ."holl 
be  used  uhlcli  hart  .stood  over  an  hour.  RamminR  Khali  be  con- 
tinued until  mortar  covers  the  .surface,  but  an  excess  of  water 
.-ihall  not  be  used,  i^oncrete  .slinll  be  so  laid  that  from  the  bottom 
to  the  lop  of  the  finished  surface  It  shall  U-  one  solid  mass  It 
shall  be  well  manipulated  with  wooden  Moats  and  brought  to 
true  surface,  slvlne  the  street  a  proper  crown,  on  which  a 
sIlKht  excess  of  water  shall  appear. 


Chicago    Bituminous    Specifications    Allow    Use    of 

.Slag  Foundation.  The  Chicago  specifications  for 
bituminous  macadam  permit  the  use  of  slag  for  the 
foundation.  The  top,  however,  in  nearly  every  in- 
stance is  limestone  to  which  a  bituminous  mixture  is 
applied  by  the  penetration  method. 


.American  Society  of  .Municipal  Improvements  to 
Hold  .\nnual  Meeting  Oct.  2.  -The  next  meeting  of 
the  American  Society  of  Municipal  Improvements 
shall  be  held  in  Buffalo,  X.  Y.,  on  Oct.  2.  3  and  J.  1918. 
The  length  of  the  convention  is  somewhat  abbreviated 
and  will  be  devoted  strictly  to  business  on  account  of 
the  present  conditions.  George  H.  Norton.  City  Engi- 
neer of  Buffalo,  is  chairman  of  the  committee  on  con- 
vention arrangements. 
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The  "Genie"  of  France  and   How 
They  Locate  Enemy  Guns 
by  Sound  Ranging* 

No  wonder  the  French  called  their  engineers 
"Genie,"  thinking  of  the  "Arabian  Nights"  and  the 
genie  that  came  out  of  the  vase  and  accomplished  all 
those  wonders.  They  are  the  perfection  of  mathe- 
maticians. They  have  figured  out  the  influence  of  the 
earth  on  a  shell  traveling  out  of  the  cannon ;  how  much 
farther  it  will  shoot  north  than  south;  how  much  the 
height  of  the  moon  deflects  the  shot,  and  what  is 
called  the  ultimate  error  of  the  cannon  shot  is  disap- 
pearing under  their  mathematics.  If  a  commander 
cannot  point  a  cannon  within  ten  feet  of  the  shot  he  is 
not  counted  a  success.  That  is  an  engineering 
triumph  and  mathematical  triumph  of  the  highest 
degree. 

Somebody  asked  me  tonight  how  they  located  the 
guns  and  whether  by  aeroplanes.  I  said,  "Not  alone. 
There  are  three  ways  of  doing  it — spot  flashing,  sound 
ranging,  and  then  the  aeroplane  to  check  both  up." 
The  most  uncanny  thing  is  sound  ranging;  it  is  shoot- 
ing around  the  corner,  surely.  They  have  a  very  deli- 
cately devised  wire  that  is  heated  red  hot,  and  so 
sensitive  that  if  you  blow  your  breath  on  it  it  goes 
out.  They  put  up  six  or  eight  of  these  wires  at  dif- 
ferent points,  all  connected  by  electricity  back  to  the 
central  station,  and  then  have  a  moving-picture  ma- 
chine. When  an  enemy  gun  goes  off  a  button  is  pushed 
and  the  moving-picture  machine  goes  into  action,  and 
as  the  vibration  of  that  gun  reaches  each  one  of  these 
stations  there  is  a  little  quiver  in  the  line  that  is 
printed  on  that  film,  and  when  it  comes  out  it  is  han- 
ded over  to  the  officer,  and  he  goes  to  a  carefully  cal- 
culated table  and  proceeds  to  locate  that  gun  by  the 
vibrations  taken  miles  away  from  where  the  recording 
instrument  was,  transmitted  underground  by  wires 
buried  six  feet  and  brought  back  to  this  little  encase- 
ment of  his  and  printed;  and  those  little  strips  of 
paper  come  back  and  locate  the  gun  that  fired  that 
shot.  Then  he  proves  it  by  spot  flashing,  and  as  the 
sound  travels  from  one  place  to  another  a  number  of 
people  push  a  button,  and,  knowing  that  sound  travels 
so  many  meters  a  minute,  they  prepare  a  map  on  which 
to  locate  it.  Because  paper  expands  and  contracts, 
they  make  the  map  of  zinc  and  they  cut  the  paper  in 
two-inch  squares,  so  that  nothing  in  accuracy  shall 
be  lost  by  the  expansion  or  contraction  of  the  paper 
under  heat  and  dampness.  They  have  a  parabola 
around  it  with  everything  calculated,  and  stretch  six 
strings  around  that,  and  when  the  six  strings  get  over 
the  same  spot  there  is  the  gun,  and  when  the  other 
six  strings  get  over  there  they  are  sure  it  is  there, 
and  then  thej'  get  the  airman  to  fly  over  it,  and  he 
can  see  if  they  are  right,  and  it  is  nine  out  of  ten  if 
thej'  drop  a  shot  over  there  that  that  gun  goes  out  of 
business.  That  is  engineering  gain.  That  is  progress 
beyond  the  point  where  men  set  up  a  right-angled 
corner  to  set  up  a  stone  wall  to  put  up  a  cheap  house. 


Paving  Blocks  Cut  from  Old  Granite  Block  Wall.— 

The  problem  of  disposing  of  a  masonry  wall  around 
the  old  City  Hall  at  San  Francisco  was  solved  by  cut- 
ting the  stone  into  paving  blocks.  The  work  was  done 
by  hand  and  the  paving  blocks  were  produced  at  a  cost 
of  $37.50  per  1,000.  The  men  were  paid  $6  per  day. 
About  75,000  6  in.  deep  by  7  to  8  in.  long  and  3  to  4^2 
in.  wide  paving  blocks  were  obtained. 

*From  an  address  by  Maj.  Gen.  Charles  M.  Clement,  U.  S.  A., 
'efore  the  Philadelphia  Association  of  Members  of  the  American 
ijociety  of  Mechanical  Engineers. 


How  Maryland  Patrolmen  Count  Traffic 
and  Measure  Road  Wear 

Patrolmen  on  the  Maryland  State  Roads,  in  addi- 
tion to  their  regular  maintenance  duties,  make  traffic 
counts  and  measure  road  wear.  The  traffic  counts 
and  measurements  are  made  at  permanent  places  on 
the  patrol  sections  and  are  noted  on  printed  sheets 
furnished  by  the  State  Road  ^Commission.  Bench 
marks  are  established  on  each  side  of  the  road  at 
these  places  and  pipes  driven  on  each  side  of  the 
road.  In  measuring  the  wear  a  light  string  with  a 
weight  at  each  end  is  placed  over  the  pipes.  The 
measurements  are  taken  from  this  string  to  the  road 
surface  at  2-ft.  intervals  by  a  foot  rule.  Each  observer 
carries  a  thermometer  and  notes  the  reading  on 
his  data  sheet  along  with  a  short  description  of  gen- 
eral atmospheric  conditions. 


High 'Drum  "Non  Tip"  Concrete  Mixer 

Improved  types  of  Boss  pavers  have  been  brought 
out  recently  by  the  American  Cement  Machinery  Co., 
Inc.,  Keokuk,  la.  These  machines — known  as  Lin- 
coln Highway  Pavers,  are  built  practically  entirely 
of  steel.  One  man  handles  them — all  operating  levers 
are  banked  within  easy  reach.  They  offer  the  con- 
tractor his  choice  of  gasoline,  kerosene,  steam  or  elec- 


Lincoln     Highway    Paver. 

trie  power,  and  the  gasoline  and  kerosene  machines 
are  stated  to  have  demonstrated  the  fact  that  they 
are  as  reliable  as  steam.  Lincoln  Highway  Pavers 
are  all  built  with  high  drums — bottom  of  discharge 
spoon  6  ft.  from  the  ground.  Danger  of  tipping  is 
eliminated  by  specially  wide  track  and  wide  tires. 
The  chute  is  sectional,  with  three  gates,  and  allows 
dumping  of  concrete  right  up  to  the  paver. 


Opening  Up  Snow  Roads  with  Plow  and  Roller. — In 

some  of  the  Canadian  counties  where  plows  and  roll- 
ers have  to  be  used  after  every  heavy  snow  storm,  it 
has  been  found  that  the  best  results  are  obtained  by 
using  the  roller  immediately  after  the  snowplow;  In 
this  case  the  snowplow  would  be  required  to  remove 
only  a  small  amount  of  snow.  The  action  of  the 
roller  is  to  press  down  the  sides  of  the  road  evenly, 
thus  providing  a  width  of  12  or  14  ft.  of  hardened 
snow,  which  is  very  desirable. 
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$20,000,000     Expenditure     Pro- 
posed   for    Construction    and 
Maintenance  of  Highways 
for  Motor  Truck  Parcel 
Post  Service 

A  comprehensive  plan  for  the  extension  of  the  motor 
truck  service  on  star  routes  by  the  Postal  Department 
and  for  the  construction  and  maintenance  of  the 
highways  over  which  it  is  operated  was  outlined  by 
Fourth  Assistant  Postmaster  (Jcneral  Blakslee  in  a 
statement  submitted  June  21  to  the  Committee  of  Post 
Ortice  and  Post  Roads  of  the  House  of  Representa- 
tives. The  statement  was  submitted  at  a  hearing  on 
the  resolution  to  authorize  the  Postmaster  General  to 
expend  50  per  cent  of  the  gross  earnings  of  motor 
truck  parcel  post  routes  for  the  construction  and 
maintenance  of  highways.    The  statement  follows: 

The  operation  of  the  limited  number  of  motor  truck 
star  routes  established  through  producing  territory 
between  important  market  centers  di.scloses  such 
remarkable  returns  in  improved  service  to  the  patrons 
thereof  and  increased  revenue  to  the  postal  establish- 
ment as  to  warrant  immediate  legislative  action  upon 
the  further  extension  of  the  service  and  the  construc- 
tion and  maintenance  of  highways  over  which  it  is 
operated. 

In  previous  hearings  before  this  committee  it  was 
contended  that  direct  means  of  conveyance  from  pro- 
ducer to  consumer  would  increase  production  and  per- 
mit the  producer  to  confine  attention  to  maximum  pro- 
duction, thereby  offset  the  loss  of  man  power  diverted 
from  the  farm  to  engage  directly  and  indirectly  in  the 
prosecution  of  the  war. 

This  contention  has  not  only  been  confirmed  through 
the  actual  operation  of  the  routes  but  a  vastly  im- 
proved collection  and  delivery  of  ordinary  mail  is 
noted.  Numerous  handlings  have  been  eliminated  and 
direct  facilities  from  post  office  to  post  office  provided, 
thereby  advan«ing  delivery  of  mail  to  patrons  many 
hours. 

The  efficient  and  economical  operation  of  this  serv- 
ice is  dependent  upon  three  primary  factors:  The 
highway,  the  vehicle  and  the  commercial  convenience 
of  the  patron.  Utilizing  an  e.xtremely  small  portion 
of  the  160,000  miles  of  improved,  hard-surfaced  high- 
way in  the  country,  the  Department  established  the 
motor  truck  .star  routes  and  the  following  tables  in- 
dicate earnings  as  accurate  as  could  be  obtained  with- 
out delaying  the  mails  and  also  the  complete  and  exact 
cost  of  operation  of  each  and  all  routes  including  every 
conceivable  overhead  or  indirect  charge: 

POSTAI.,    RECEIPTS    AND    COST    OF    OPERATIO.V. 
Jan.  1.  1018.  to  May  31.  1918. 
Receipts 
for    1st. 
Route    Number    and    Termini.         ?nd,  .Ird  Oper-  Profit, 

and    nil  atlnit 

\    class.         expenHe.s. 
HIT.'!'!     Phlhidelnhla.       Pa.; 


land 


I. lis 


lilliKlelnhl 

•  ity,    >I. 

Maltlmore, 


i>n.M 


.Ml! 


Md.;       Solo- 
C.;  Leon- 
b.'cV;    Bai- 
Lancas- 


slilni;ton, 

arillotti..   .Md.    ... 
13:;'j:i— W;i:ililnKton. 

timore.    M.l 

l.irino- Baltimore.    Md. 

ter.    Pa 

13:101— Philadelphia.    Pa.;    Wash- 

InKton.    1).   C 

21271— Savannah,     Ga.;     States- 

l«,ro.   an 1.064.64 

31313— Columbua,     Ohio;     Zanes- 

vlUe,    0 2-362'» 

Totals.  Jan.  1  to  May  31.  19l8.|152.237.74 
*Lo88.     tNet  profit. 


2.705.25 
33,604.82 
40.6S6.04 
23.135.34 
19.372.22 
28.717.67 


%  3.605.77* 
3.r.il4.74 
4.700.83 
4.056.84 
3.0S6.2S 
6.367.37 
808. SI 
977.34 


Si;o.5i 

311.0  IS. 58 
35.754.21 
19.21S  5" 
l«,9i:..'.ll 
22.350.,!rt 

2r..".,.'.:i 


$27,130.98  t$l26.0S9.:6 


It  will  be  noted  that  there  i.s  ver>-  substantial  sur- 
plus earnings  and  it  naturally  follows  that  the  use  of 
the  highways  by  Government  owned  et|uipnient  for 
such  profitable  enterprise  without  compensation  to 
the  states  or  subdivisions  thereof,  except  improved 
mail  facilities  to  the  residents  domiciled  therein,  is 
neither  equitable  or  just  and  consei|uently  the  P'ederal 
Government  may  be  under  a  moral  obligation  to  re- 
imburse the  states  in  some  substantial  manner,  and  it 
is  believed  that  this  can  be  done  with  benefit  to  the 
.states  and  at  the  same  time  further  increase  the 
profitable  possibilities  to  the  Federal  Government. 

The  joint  resolution  under  consideration  authorizes 
the  use  of  not  more  than  .'iO  per  cent  of  the  gross  earn- 
ings of  motor  truck  parcel  post  routes  be  expended  for 
the  construction  and  maintenance  of  the  highways  on 
which  the  service  is  or  may  be  established. 

A  survey  of  possible  through  or  connecting  routes 
east  of  the  Mississippi  River  indicates  approximately 
7,500  miles  of  through  or  connecting  highway  to  be 
covered,  of  which  at  least  5,000  miles  would  be  essen- 
tial to  successful  motor  truck  serx-ice.  It  is  assumed 
that  a  similar  mileage  would  be  necessary  west  of  the 
Missis.-ippi  River,  although  no  definite  survey  has  as 
yet  been  completed. 

Five  thousand  miles  of  permanent  roads,  exclusive 
of  bridges  and  municipal  streets,  already  completed 
and  not  included  in  contemplated  construction,  would 
cost  about  $20,000  per  mile,  using  every  possible  eco- 
nomical method  of  construction,  including  convict 
labor  where  available,  prisoners  of  war,  and  local  road 
making  materials,  thus  the  entire  7,500  miles  would 
cost  about  $150,000,000.  This  e.stimate  will  be  con- 
firmed by  qualified  engineers;  5,000  miles  would  cost 
approximately  $100,000,000. 

One  thousand,  of  a  possible  5,000  cars,  operating 
east  of  the  Mississippi  River  on  this  road  or  adjacent 
thereto,  should  earn,  based  upon  statistics  here  pre- 
sented and  which  were  obtained  in  territory  where 
keen  competition  from  available  means  of  conveyance 
appear  $40,000  each  per  annum,  or  a  total  of  $40,000,- 
000  yearly,  from  which  sum  should  be  deducted  an- 
nually $5,000,000  for  cost  of  operation  of  cars,  $10,- 
000,000  for  indirect  cost  of  transportation  of  mails  to 
and  from  the  routes,  and  $5,000,000  for  extensions  and 
additional  service,  and  the  remainder,  or  $20,000,000 
per  annum,  could  be  applied  for  the  construction  and 
maintenance  of  a  national  highway. 

It  may  be  asserted  that  the  earnings  include  a  por- 
tion of  existing  postal  revenue  and  would  tend  to  re- 
duce present  postal  income  now  derived,  using  other 
means  of  transportation. 

Ten  thousand  routes  earning  $40,000  each  per  vear 
would  produce  $400,000,000  per  annum  or  more  than 
the  total  annual  postal  revenues  at  this  time.  There 
are  60,000  rural  and  star  routes  in  operation  in  the 
postal  service,  therefore  10,000  motor  truck  routes 
would  not  be  an  unusual  or  a  startling  number,  and 
if  each  route  transported  but  100  lb.  of  first  class  mail 
daily  the  revenues  would  be  $45,000  per  year.  Thus 
of  the  total  of  10,000  possible  routes  at  lea.st  1,000  can 
be  located  where  the  income  will  certainly  not  inter- 
fere with  existing  postal  revenue  and  as  above  stated 
the  surplus  earnings  of  those  1,000  routes  will  in  due 
time  build  and  maintain  the  proposed  Federal  road 
regardless  of  what  mailable  matter  will  be  diverted  to 
the  motor  truck  service  established  thereafter  on  the 
proposed  road,  and  which  is  now  transported  by  other 
mail  facilities.  Such  diversions  would  occur  only  be- 
cause of  the  more  direct  collection  and  delivery  pro- 
vided or  by  reason  of  short  distance  via  truck  route 
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as  ever  against  long  detours  through  transfer  points 
by  mail  or  water. 

There  is  no  rail  or  water  transportation  possible  be- 
tween Baltimore  and  Solomon's  Island  nor  between 
Washington  and  Leonardtown  and  there  are  over  1,000 
similar  localities  east  of  the  Mississippi  River.  A  sim- 
ple calculation  of  the  net  earning  on  either  of  these 
two  routes  multiplied  by  1,000  will  probably  answer 
the  assei-tion. 

The  Post  Office  Department  may  be  relied  upon  to 
secure  a  dollar's  worth  of  return  for  every  dollar  of 
the  people's  money  expended  through  the  Department, 
and  it  is  entirely  competent  to  honestly  and  econom- 
ically use  every  cent  of  revenue  for  the  construction, 
maintenance  and  use  of  highways,  it  is  nevertheless 
cognizant  of  and  agrees  with  the  very  substantial 
sentiment  that  prevails  in  Congress  and  elsewhere  that 
an  indefinite  or  unlimited  authority  to  utilize  earnings 
for  any  direct  or  indirect  means  of  increasing  revenues 
or  in  other  words  to  take  advantage  of  a  revolving 
fund,  is  a  dangerous  fiscal  policy  and  leads  to  adverse 
criticism  and  fault  finding,  and  therefore  the  adoption 
of  the  resolution  under  consideration  in  its  present 
form  would  be  embarrassing  and  it  is  suggested  that 
it  be  modified  to  provide  for  a  definite  amount  to  be 
set  aside  out  of  moneys  in  the  treasury  not  otherwise 
appropriated,  this  sum  or  any  part  thereof  to  be 
used  only  after  the  Postmaster  General  certifies  to 
the  Secretary  of  the  Treasuiy  the  amount  of  the  gross 
earnings  of  the  motor  truck  routes  for  a  stated  period. 

This  method  will  properly  protect  the  interests  of 
the  ta.\  payer  and  will  materially  promote  the  improve- 
ment of  the  highways  without  at  any  time  placing  the 
Post  Office  Department  under  suspicion  of  spending 
more  than  the  Congress  intended  or  using  postal  reve- 
nues in  other  than  a  strictly  legitimate  manner. 

The  construction  of  the  proposed  through  or  con- 
necting route  highway  as  illustrated  is  in  nowise  to 
displace  or  otherwise  interfere  with  the  existing  sys- 
tem of  construction  whereby  the  states  in  conjunction 
with  the  Federal  Government  are  building  many  miles 
of  excellent  road  arid  the  completion  of  the  feeder  lines 
to  the  National  Highway  under  the  Federal  Aid  plan 
already  effective  is  undoubtedly  essential  to  National 
prosperity  and  welfare.  But  this  line  is  as  valuable 
in  its  availability  as  an  item  in  the  system  of  National 
defense  as  it  is  an  avenue  of  commerce  and  therefore 
of  direct  National  importance  and  will  unquestionably 
demonstrate  its  value  more  and  more  as  the  increasing 
necessities  for  the  use  of  highways  as  a  means  of 
transportation  appear. 

The  apparent  excessive  cost  per  mile  is  accounted 
for  by  reason  of  the  type  of  construction  contemplated 
which  included  a  concrete  or  brick  paved  road  not  less 
than  16  feet  wide,  not  less  than  9  in.  top  depth  with 
heavy  grouted  under  foundation  thoroughly  under- 
drained  for  the  entire  distance,  thereby  making  for  a 
permanent  road  with  extremely  limited  after-mainten- 
ance. No  other  type  of  road  construction  will  with- 
stand the  exigencies  of  modern  uses  without  abnormal 
after  expense  for  upkeep. 

Differing  climatic,  topographic,  labor  and  material 
conditions  will  materially  affect  the  celerity  of  con- 
struction and  cost  thereof  and  every  advantage  should 
be  taken  to  provide  for  work  and  materials,  necessary 
at  points  where  these  factors  in  road  building  will  not 
seriously  conflict  with  the  first  duty  of  the  Nation  to 
win  the  war.  However,  a  judicious  program  partially 
prepared  now,  partly  produced  now  and  later  entirely 
developed  will  be  extremely  valuable  as  a  National  pol- 
icy for  the  employment  of  thousands  of  returning  vic- 


torious veterans  who  will  thoroughly  appreciate  the 
value  of  permanent  highways  as  exemplified  in  France 
and  without  which  our  cause  abroad  would  today  con- 
front disaster. 


Work  of  American  Road  Building  Battalions  in  War 
Zone. — It  is  estimated  that  American  road  engineers 
will  construct  1,200  miles  of  highways  during  1918 
in  the  rear  of  the  firing  line  in  France. 
To  the  special  road  building  battalions  is  delegated 
the  important  task  of  keeping  lines  of  communication 
constantly  open,  and  trucks  working  in  conjunction 
with  modern  American  road  machinery  will  help  to 
build  new  strategic  lines  and  keep  communicating 
roads  in  constant  repair.  The  fleet  will  be  composed 
of  several  thousand  dump  trucks,  hot  road  oilers, 
pressure  sprinklers  for  making  waterbound  macadam, 
gasoline  tank  trucks,  printing  press  trucks  for  print- 
ing blue  prints,  instructions,  plans,  reports,  etc.,  ma- 
chine shop  trucks,  blacksmith  and  tool  repairing 
trucks.  Most  of  the  roads  of  France  are  built  of 
waterbound  macadam.  The  British,  however,  intro- 
duced the  tarred  surface  road  and  an  increasing  mile- 
age of  that  type  is  found  back  of  the  British  lines. 
One  of  the  principal  objections  to  the  waterbound 
macadam  road  near  the  front  is  the  dust  which  rises 
from  it  in  dry  weather  under  heavy  war  traffic.  Clouds 
of  dust  draw  artillery  fire  from  the  enemy,  and  for 
this  reason  United  States  engineers,  in  planning  road 
construction  and  maintenance  near  the  American 
front,  will  probably  utilize  large  quantities  of  tar 
coating,   which   is  freely  obtainable   in   France. 


Convict  Labor  Enables  Milwaukee  County  Highway 
Department  to  Complete  Its  Construction   Program. — 

Practically  all  the  work  planned  for  the  season  of 
1917  by  the  Milwaukee  (Wis.)  County  Highway  De- 
part;ment  was  finished,  despite  the  scarcity  of  ma- 
terial due  to  the  national  car  shortage,  and  the  un- 
I)recedented  labor  situation.  This  result,  states  the 
last  annual  report  of  the  department,  may  be  at- 
tributed, in  a  large  degree,  to  the  installation  of  con- 
vict labor.  At  the  beginning  of  the  season  the  labor 
aspect,  by  virtue  of  the  world  war,  was  anything  but 
promising.  Contractors,  due  to  the  independence  of 
common  labor,  found  it  absolutely  impossible  to  or- 
ganize labor  into  efficient  crews.  This  handicap  was 
removed  entirely  by  the  use  of  House  of  Correction 
labor.  Over  500  ft.  of  18-ft.  concrete  pavement  has 
been  poured  in  a  day's  time  with  this  type  of  labor. 


Personals 

A.  V.  Gibson,  of  KaUspell.  Mont.,  has  been  appointed  a  mem- 
ber of  the  State  Highway  Commission  of  IMontana. 

Jack  Cotton  and  H.  C.  Snoddy  have  been  appointed  field  en- 
srinr'ers  for  the  engineering  department  of  Harris  County.  Texas. 

John  K.  Harris  and  H.  W.  Cole  have  entered  into  a  partner- 
ship under  the  firm  name  of  Harris  &  Cole,  with  headquarters 
at   Farreli.    Pa. 

Gregg  Black  has  been  appointed  city  engineer  of  Vicksburg, 
Jliss. ,  succeeding  C.  R.  Twiss,  recently  commissioned  captain  in 
tile  Engmeer  Corps,  U.  S.  Army. 

Bur-well  Bantz,  formerly  county  engineer.  Island  County. 
Washington,  has  been  appointed  city  engineer  and  superintendent 
of  water  works  for  Chehalis,  Wash. 

C.  E.  Henderson  has  resigned  as  county  engineer  of  St.  Johns 
County,  Florida,  and  has  entered  the  service  of  the  V.  S.  Bureau 
of  Industrial  Housing  and  Transportation. 

H.  G.  Merriweather.  for  30  years  connected  with  the  en- 
gineering department  of  Denver,  Colo.,  has  resigned  as  assistant 
city  engineer  and   will   engage  in  private   practice. 

Harry  A.  Eager,  chief  bridge  engineer  for  the  State  Road 
I'ommission  of  Utah,  who  has  been  in  the  state's  employ  for 
about  a  year,   has  resigneo    to  enlist  in  the  473d  Engineers. 

George  W.  Tillson.  formerly  chief  engineer  of  the  Bureau  of 
Highways,  Jlanhattan  and  Brooklyn  Boroughs,  New  York,  has 
resigned  as  consulting  engineer  to  the  president  of  the  Borough 
of  Brooklyn. 

F.  W.  Pattison,  of  New  Westminster,  B.  C,  has  been  ap- 
pointed municipal  engineer  for  Langley.  B.  C  to  succeed  E.  H. 
Verner,  who  has  been  appointed  assistant  district  engineer  for 
the  Delta  and  Chilliwack,  riding  under  the  public  works  de- 
partment. 
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All  Manufacturers  Supplying  Pub- 
lic Utilities  and  Railways  Are 
to  Get  Iron  and  Steel 

On  June  6  the  war  indu.strie.s  board  and  the  pro- 
ducers of  iron  and  steel  entered  into  an  agreement 
under  which  no  iron  or  steel  is  to  be  sold  to  consum- 
ers except  by  certificate  issued  by  the  priorities  di- 
vision of  the  War  Industries  Board.  It  was  agreed 
that  preference  treatment  will  be  given  to  the  fol- 
lowing industries: 

(Including  all  necessary  raw  materials,  partially 
manufactured  parts  and  supplies  for  completion  of 
products.) 

Ships. — Destroyers  and  submarine  chasers. 

Aircraft. 

Munitions,  Military  and  Naval  Supplies  and  Opera- 
tions.— Building  construction  for  Government  needs. 
Equipment   for  same. 

Fuel. — Domestic  consumption,  manufacturing  ne- 
cessities named  herein-. 

Food  and  Collateral  Industries. — Food.stuflFs  for  hu- 
man consumption  and  plants  handling  same;  feeding 
stuffs  for  domestic  fowls  and  animals  and  plants 
handling  same.  All  tools,  utensils,  implements,  ma- 
thinery  and  equipment  required  for  production,  har- 
vesting and  distribution,  milling,  preparing,  canning 
and  refining  foods  and  feeds  such  as  seeds  of  foods 
and  feeds,  binder  twine,  etc.  Products  of  collateral 
industries,  ,-iUch  as  fertilizer,  fertilizer  ingredients, 
insecticides  and  fungicides.  Containers  for  foods  and 
feeds,  collateral  products.  Materials  and  equipment 
for  preservation  of  foods  and  feeds,  such  as  ammonia 
and  other  refrigeration  supplies,  including  ice. 

Clothing — For  civilian  population. 

Railroad — Or  other  neces.^ary  transportation  equip- 
ment, including  water  transportation. 

Public  rtilities — Serving  war  industries,  army, 
navy  and  civilian  population. 

Among  these  eight  general  heads  it  is  important  to 
note  that  "public  utilities"  are  included  as  being  en- 
titled to  preference  above  other  consumers  of  iron 
sind  steel.     The  term  "public   utilities"   has  come  to 


mean  all  "plants"  that  are  either  owned  by  the  pub- 
lic or  that  serve  the  public  through  the  agency  of 
companies  operating  under  franchises  or  charters. 
Although  railways  are  public  utilities,  they  are  com- 
monly mentioned  separately  because  they  render  in- 
terstate or  national  service. 

Water  works,  sewers,  railways,  roads  and  streets 
are  among  the  public  utilities  that  most  particularly 
concern  the  readers  of  Engineering  and  Contracting. 
It  is  therefore  gratifying  to  note  that  all  doubt  is 
at  an  end  as  to  the  supply  of  iron  and  steel  for  these 
public  industries  during  the  war.  Some  manufac- 
turers of  machinery,  materials  and  supplies  for  the 
civil  engineering  and  contracting  field  had  been  in 
doubt  as  to  their  ability  to  secure  iron  and  steel,  in 
view  of  the  Government's  requirements  for  war  pur- 
poses. It  is  now  clear  that  these  manufacturers  will 
not  be  seriously  curtailed,  at  least  after  the  new 
priority  system  has< become  well  organized.  Since  the 
war  industries  board  is  keenly  aware  of  the  neces- 
sity of  eliminating  delay  in  issuing  priority  orders, 
we  may  look  for  the  rapid  evolution  of  a  system  that 
will  reduce  red  tape  to  a  minimum. 


Three  Engineers  Who  Engineered 
a  New  Cjovcrnment  for  a  City 

For  a  dozen  years  this  journal  has  been  urging  en- 
gineers to  become  managers  of  public  and  private 
plants  and  to  take  an  active  part  in  public  affairs. 
Engineering  societies  are  at  last  beginning  to  realize 
that  it  is  the  duty  of  engineers  to  become  public  le.nd- 
ers.  Most  engineers  apparently  are  ready  to  take 
part  ill  any  public  campaign  that  their  society  may 
begin,  but  few  seem  to  realize  that  they  can  them- 
selves begin  without  waiting  for  organized  support. 
.Among  the  few  are  Clair  V.  Mann,  Prof.  H.  S.  Evans 
and  Asst.  Prof.  H.  K.  Phelps  of  the  University  of  Col- 
orado, who  began  to  agitate  nearly  two  years  ago  for 
a  comniission-mnnuger  plan  of  government  for  Boul- 
der, Colo.  They  were  successful  in  carrying  the  plan 
into  effect,  and  they  now  form  three  of  the  nine  mem- 
bers of  the  commission. 
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The  commission  has  appointed  a  city  manager  and 
certain  advisory  boards  and  city  officials.  Under  the 
city  manager  there  are  six  departments.  Two  of 
these,  public  service  and  public  health,  are  headed  by 
engineers.  The  charter  provides  that  the  director  of 
public  service  must  be  an  experienced  municipal  en- 
gineer, and  he  is  ex-officio  city  engineer. 

What  these  three  engineers  brought  about  in  Boul- 
der, a  city  of  12,000  people,  other  engineers  can  bring 
about  in  other  cities.  Do  not  wait  for  others  to  lead 
or  for  some  engineering  society  to  support  your  ef- 
forts. Take  the  initiative  yourself  in  your  city.  The 
time  is  ripe  and  the  war  is  causing  people  to  welcome 
plans  to  improve  city  government.  Write  to  H.  S.  Gil- 
bertson,  secretary  of  the  National  Short  Ballot  Asso- 
ciation, 383  Fourth  Ave.,  New  York  City,  and  ask  for 
data  and  guidance. 


ernment  action  designed  to  hasten  the  rescue  of  200,- 
000,000  acres  of  tillable  land — nearly  all  in  the 
Mississippi  Valley — from  its  present  condition  of  in- 
efficiency. 


Drainage,  Irrigation  and  the  Use  of 

Better  Farming  Methods  Would 

Double  the  Crops  of  the 

Mississippi  Valley 

Luther  Burbank  has  just  announced  the  production 
of  a  new  species  of  wheat  that  will  yield  50  bushels 
to  the  acre  where  12  is  now  the  average.  When  we 
speak  of  the  practicability  of  doubling  the  crops  in 
the  Mississippi  Valley  we  do  not  refer  to  the  use  of 
new  varieties  of  plants,  such  as  the  wizard  Burbank 
has  "invented,"  but  to  the  use  of  well-known  agricul- 
tural methods  and  the  application  of  civil  engineer- 
ing. 

Lack  of  knowledge,  lack  of  capital  and  lack  of  en- 
gineering constitute  the  triumvirate  of  obstacles  to 
greatly  increased  agricultural  output.  In  spite  of 
all  that  the  Department  of  Agriculture,  the  agricul- 
cural  colleges  and  the  farm  papers  have  done,  the 
average  farmer  remains  largely  ignorant  of  the  most 
economic  procedure.  This  very  ignorance  stands 
in  the  way  of  his  seeking  the  capital  that  he  could 
profitably  employ,  and  it  deters  him  also  from  seeking 
engineering   assistance. 

It  would  seem  that  here,  if  anywhere,  a  paternal- 
istic government  would  be  efficient.  Such  a  Govern- 
ment would  not  merely  tell  farmers  what  should  be 
done,  but  it  would  insist  upon  their  doing  it. 

Drainage  and  irrigation  would  alone  nearly  double 
the  productivity  of  Mississippi  Valley  lands,  as  has 
been  established  again  and  again  on  a  large  scale. 
Practically  all  this  land  is  greatly  benefited  by  tile 
drainage,  to  say  nothing  of  the  drainage  of  swamp 
lands.  Irrigation  by  pumping  is  practicable  for  most 
of  this  land,  and  it  not  only  insures  against  crop  fail- 
ure but  adds  greatly  to  the  annual  crop  yield. 

There  are  about  80,000,000  acres  of  swamp  and 
overflow  land  in  America  that  can  be  reclaimed;  but 
at  the  rate  of  reclamation  that  has  existed  in  recent 
years,  another  half  century  will  have  elapsed  before 
it  will  have  been  reclaimed. 

The  Department  of  Agriculture  estimates  that 
about  150,000,000  acres,  or  nearly  one-third  of  all 
improved  farm  land,  is  so  badly  in  need  of  tile  drain- 
age that  it  is  producing  only  one-fifth  as  much  as  it 
would  produce  if  drained.  Yet  less  than  a  million 
acres  of  the  150,000,000  are  annually  improved  by 
tile  drainage! 

Drainage  and  irrigation  are  civil  engineering 
works,  and  it  seems  to  us  to  be  the  duty  of  civil  en 
gineering  societies  to  take  steps  that  will  lead  to  Gov 


The  Lesson  Taught  by  the  Failure 
of  the  Calaveras  Dam 

Four  months  ago,  and  four  years  after  work  was 
begun,  the  highest  earth  dam  in  the  world  failed  be- 
fore construction  had  been  completed.  We  refer  to 
the  Calaveras  dam,  about  36  miles  southeast  of  San 
Francisco. 

The  dam  lacked  only  40  ft.  of  having  reached  its 
full  height  of  240  ft.  above  bedrock  or  210  ft.  above 
ground  level,  when  about  one-third  of  its  entire  mass 
slid  out,  fortunately  causing  no  loss  of  life.  Some 
800,000  cu.  yd.  of  the  upstream  face  slid  or  flowed 
out.  The  downstream  side  remained  intact.  Most  of 
the  downstream  part  and  much  of  the  upstream  part 
had  been  placed  from  dump  cars,  but  the  central  part 
had  been  delivered  through  a  pipe  and  was  still  wet 
when  the  slip  occurred. 

The  failure  did  not  occur  without  warning,  but  the 
great  mass  of  earth  slid  out  within  five  minutes  after 
it  started  to  go.  There  had  been  a  slight  horizontal 
movement  of  the  upstream  slope  of  the  dam  as  early 
as  June  18,  1917,  whereupon  sluicing  was  discon- 
tinued until  Feb.  12,  1918,  except  for  a  period  of  12 
days  in  the  summer  of  1917.  Evidently  the  engi- 
neers believed  that  eight  months'  "rest"  had  been 
sufficient  to  dry  out  the  clay  fill;  but  it  is  equally 
clear  that  they  were  badly  mistaken,  for  on  March  4, 
or  three  weeks  after  sluicing  had  been  resumed,  an- 
other slight  horizontal  movement  of  the  upsteam  face 
occurred.  Sluicing  was  again  stopped,  but  10  days 
later,  March  14,  the  failure  occurred. 

The  depth- of  the  hydraulic  fill  in  the  center  was 
155  ft.  at  the  time  of  failure.  In  five  minutes  800,- 
000  cu.  yd.  slid  out,  leaving  about  2,000,000  cu.  yd. 
still  in  place.  The  2,000,000  includes  the  whole  of 
the  downstream  part  of  the  dam.  At  the  time  of  the 
failure  the  reservoir  was  partly  full,  the  water  being 
about  55  ft.  deep.  The  cost  of  replacing  the  upstream 
material  will  be  more  than  $500,000.  The  original  es- 
timate of  the  cost  of  the  complete  dam  was  $2,500,- 
000,  and  it  was  to  have  contained  3,085,000  cu.  yd. 

Civil  engineers  will  be  interested  primarily  in 
knowing  what  precautions  were  taken  to  prevent  the 
failure  and  what  precautions  should  be  taken  in  fu- 
ture works  of  similar  character. 

Beginning  March  16,  1916,  it  was  the  practice  to 
have  a  man  periodically  force  a  lV'2-in.  pipe  into 
the  hydraulic  fill,  and  this  practice  was  continued 
till  Jan.  24,  1917,  when  the  "ball  test"  was  adopted. 
The  material  in  the  core  was  so  plastic  that  the  pipe 
could  be  forced  down  to  a  depth  of  90  ft.  On  Feb. 
12,  1917,  the  ball  test  was  begun,  and  it  was  found 
that  a  6-in.  cast  iron  ball  sank  by  its  own  weight  45 
ft.  into  the  soft  clay  fill,  or  half  the  depth  that  the 
pipe  was  forced.  By  July  27,  1917,  the  depth  of  pene- 
tration of  the  ball  was  35  ft.;  a  month  later  it  was 
12  ft.;  and  on  Jan.  21,  1918,  it  was  only  5  ft.  From 
this  it  was  apparently  reasoned  that  the  fill  had  dried 
out  sufficiently  to  be  safe. 

Hindsight  now  makes  it  clear,  we  think,  that  this 
"ball  test"  was  very  deceptive,  in  spite  of  its  seem- 
ing greater  accuracy  than  the  pipe  test.  It  is  now 
evident  that  not  only  should  the  pipe  test  have  been 
continued,  but  that  other  tests  should  have  been 
made.  Samples  of  the  interior  of  the  dam  should 
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have  been  secured  and  a  determination  made  of  the 
percentage  of  water  present.  It  has  been  suggested 
by  A.  \V.  Goldbeck,  Engineer  of  Tests  of  the  OHice  of 
Public  Roads,  that  soil  pressure  "cells"  should  be 
buried  in  a  fill  of  this  character,  and  pressure  read- 
ings taken  at  intervals,  at  a  cost  not  exceeding  $500 
for  a  large  dam. 

The  editor  of  Engineering  and  Contracting  de- 
signed a  crude  soil  pressure  cell  that  was  described  in 
this  journal  some  ten  years  ago.  Mr.  Goldbeck  has 
devised  a  very  accurate  soil  pressure  cell,  which  was 
illustrated  and  described  in  our  issue  of  June  27,  1917, 
and  he  has  recently  used  it  for  determining  the  pres- 
sure of  clay  in  a  tank. 

The  failure  of  the  Calaveras  dam  finds  a  counter- 
part in  the  failure  of  the  Neca.xa  dam  No.  2  in  Mexico 
on  May  20,  1909.  The  Xecaxa  dam  was  also  a  hydrau- 
lic fill,  and  720,000  cu.  yd.  of  wet  clay  slid  out  on  the 
upstream  side  when  the  fill  had  reached  a  height  of 
172  ft.  The  upstream  slope  was  3  to  1,  and  there  was 
no  water  in  the  reservoir  at  the  time  of  failure.  Just 
prior  to  the  failure  a  pipe  was  forced  into  the  clay  to 
a  great  depth. 

The  Calaveras  dam  was  being  built  by  day  labor  for 
the  Spring  Valley  Water  Co.  to  impound  53,000,000,000 
gal.  Its  top  length  was  to  be  1,300  ft.  and  its  top 
width  25  ft.  The  upstream  slope  was  3  to  1 ;  the 
downstream  slope,  S^;  to  1;  and  the  maximum  dis- 
tance between  upstream  and  downstream  toes,  1,312  ft. 
Its  finished  height  at  the  center  was  to  be  210  ft. 
above  ground  level,  plus  30  ft.  above  the  bottom  of  a 
wide  excavation  to  solid  bed  rock.  About  half  the 
material  in  the  dam  was  a  dry  rock  fill  used  in  both 
toes;  the  rest  was  an  earth  fill  deposited  by  hydraulic 
sluicing.  This  earth  fill  was  half  clay  and  half  sand 
and  gravel  hydraulicked  from  nearby  hills.  The 
coarse  material  was  crushed  before  entering  the  con- 
veyance pipes.  The  hydraulicked  material  was 
dumped  on  the  edge  of  the  pool,  thus  permitting  the 
clay  to  separate  and  flow  to  the  center  of  the  pool. 

Upon  failure  a  section  of  the  upstream  part,  about 
700  ft.  long,  slid  out,  swinging  out  like  a  huge  door. 
The  water  in  the  reservoir,  which  stood  55  ft.  deep, 
was  not  released,  and  the  slide  did  not  extend  much 
below  the  level  of  the  water.  The  lower  part  of  the 
slope  had  been  paved  with  concrete  which  extended 
13  ft.  above  the  water  level.  Above  that  the  paving 
was  heavy  riprap. 

It  is  planned  to  finish  the  dam.  Upon  its  completion 
it  will  be  the  highest  earth  dam  in  the  world. 

George  A.  Elliott  is  engineer  of  the  Spring  Valley 
Water  Co.  and  William  Mulholland,  of  Los  Angeles, 
is  consulting  engineer. 


Civil   Engineers   Should    Operate 

Sewage  Treatment  and  Other 

Municipal  Plants 

It  has  been  suggested  that  every  sewage  treatment 
plant  should  be  operated  by  its  designer  for  at  least 
one  year  after  its  completion,  instead  of  following 
the  common  practice  of  turning  it  over  to  a  street 
foreman  or  some  ignorant  city  oHicial.  A  state  board 
of  health  might  make  it  compulsory  for  the  design- 
ing engineer  to  operate  the  plant  for  a  year,  it  is  said. 
Good.  But  why  stop  at  that?  If  it  will  benefit  the 
city  and  also  make  the  engineer  a  better  designer  if 
he  is  required  to  operate  the  plant  for  a  year,  even 
greater  benefit  will  result  from  lengthening  the  time. 

Yes,  and  the  final  answer  is  not  to  be  had  by  mak 


ing  the  engineering  operation  of  the  plant  come  to 
an  end  after  any  .stated  period.  Ever>"  sewage  dis- 
posal plant  should  be  operated  by  some  engineer  for- 
ever. It  should  never  be  turned  over  to  an  untrained 
man 

Civil  engineers  throughout  America  should  co-op- 
erate in  a  movement  to  convince  the  members  of 
every  chamber  of  commerce  that  it  requires  a  man- 
agerial engineer  to  run  a  sewage  disposal  plant  eco- 
nomically and  ediciently.  Indeed  this  principle  .-ip- 
plies  to  street  cleaning  and  street  repairing  plants, 
:  nd  to  water  works  also.  The  men  who  design  these 
plants  .should  have  an  administrative  voice  in  their 
operation;  but  they  will  rarely  secure  such  control 
unless  they  bestir  themselves  to  get  it. 


Why  Civil  EngineersShould  Form- 
ulate Policies  of  Municipal  Im- 
provement During  the  \\  ar 

State  and  municipal  bond  issues  have  decreased 
greatly  since  our  entrance  into  the  war.  The  bond 
issues  for  the  first  four  months  of  each  of  the  last 
six  years  have  been  as  follows: 

P  ■:-  m..nthB. 

191S <     ■      '."J.OOO 

1917 .  '."0.000 

1916 -       >K).000 

VJ\:> .<>-..^00.000 

ViU Hx.iUO.WO 

1!  13 100.400.000 

Without  doubt  the  Liberty  Loan  drives  have  made 
it  somewhat  diflicult  to  market  municipal  bonds,  but 
the  main  reason  for  the  falling  off  in  such  bond  is- 
sues is  to  be  found  in  the  false  ideas  of  economy 
that  were  created  by  governmental  appeals  to  sac- 
rifice everything  to  win  the  war.  Mr.  McAdoo  is 
largely  responsible  for  having  brought  about  this 
undue  slackening  in  municipal  construction,  because 
liis  first  appeals  to  the  public  to  buy  Government  bonds 
were  so  worded  as  to  lead  to  the  belief  that  almost 
every  kind  of  construction,  save  Government  works, 
should  cease.  He  has  recently  issued  a  statement 
that  all  necessary  building  should  not  cease,  and, 
fs  director  general  of  railways,  is  about  to  spend 
half  a  billion  dollars  for  railway  construction,  in  ad- 
dition to  an  equal  amount  for  rolling  stock. 

Considerable  mischief  has  already  been  done 
through  public  misapprehension  of  the  extent 
to  which  "economy"  should  be  practiced  by  cities  and 
states.  But  there  is  evidence  of  returning  sanity. 
In  another  editorial  we  comment  upon  the  inclusion 
of  "public  utilities"  among  the  eight  "war  industries" 
that  are  to  receive  preferential  treatment  in  secur- 
ing iron  and  steel.  If,  now,  civil  engineering  so- 
cieties will  bestir  themselves,  city  officials  can  be 
made  to  realize  that  true  economy  demands  no  let 
up  in  city  improvements  during  the  war,  for  the  war 
industries  board  itself  recognizes  that  public  utilities 
are  entitled  to  preference.  Public  health  calls  for 
the  carrying  out  of  all  sewer  projects  and  nearly  all 
water  works  projects.  Economy  of  haulage  calls  for 
street  improvement  on  as  large  a  scale  during  the 
war  as  ever;  for  streets  are  not  only  "the  other  end 
of  railways"  but  a  public  utility  upon  which  the  econ- 
omy of  all  haulage  and  deliver^'  of  goods  in  cities  de- 
pends. 

Now,  if  ever,  let  civil  engineers  take  leadership  in 
formulating  and  carn.ing  out  municipal  policies. 
That  such  leadership  is  badly  needed  may  be  inferred 
from  the  panicky  curtailment  of  city  improvements 
during  the  first  half  of  1918. 
(3) 
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An  Opportunity  for  the  Construc- 
tion Industry  to  Assist  the 
Government 

To  the  Editor:  We  are  enclosing  a  copy  of  letter 
dated  June  27,  received  from  Mr.  Harry  A.  Wheeler, 
President  of  the  U.  S.  Chamber  of  Commerce  at  Wash- 
ington, inviting  the  American  Society  of  Engineer- 
ing Contractors  to  participate  in  a  national  conven- 
tion of  the  building  construction  industries,  to  be 
held  at  Atlantic  City,  July  15  and  16. 

We  should  be  very  glad  to  have  you  print  this  invi- 
tation as  well  as  this  letter,  as  the  American  Society 
of  Engineering  Contractors  is  the  only  national  or- 
ganization of  construction  engineers  and  contrac- 
tors on  engineering  construction,  and  we  should  like 
engineers  and  contractors,  whether  affiliated  with  this 
national  society,  local  societies,  or  unaffiliated,  to  feel 
that  we  are  broad  enough  to  welcome  at  this  conven- 
tion any  member  of  the  profession. 

We  cannot  urge  upon  you  or  your  readers  too 
strongly  the  necessity  for  national  grouping  of  the 
construction  industry,  as  it  is  the  only  industry  un- 
organized as  such,  for  co-operation  with  Government 
agencies,  in  our  supreme  effort  to  win  the  war,  and 
to  co-operate  now  or  in  the  future  reconstruction,  in 
a  patriotic,  efficient  and  equitable  manner. 

Our  society  last  March  initiated  a  national  confer- 
ence with  a  sincere  endeavor  to  realize  our  responsi- 
bilities and  opportunities.  We  had  been  urged  by  the 
Council  of  National  Defense  at  Washington  to  gather 
all  the  forces  of  our  industry  and  profession  into  a 
united  group  for  effective  aid  for  national  purposes, 
and  at  their  request  have  joined  the  Chamber  of  Com- 
merce of  the  United  States  in  order  to  co-operate 
through  a  War  Service  Committee  with  similar  or- 
ganizations of  allied  industries. 

Through  the  assistance  of  the  National  Associa- 
tion of  Builders'  Exchanges  and  the  National  Build- 
ers' Supply  Association,  we  have  succeeded  in  inter- 
esting the  Chamber  of  Commerce  of  the  United  States 
in  organizing  a  National  War  Service  Committee  of 
the  industry. 

We  feel  that  we  would  be  remiss  in  our  duty,  as 
president  of  the  American  Society  of  Engineering 
Contractors,  if  we  failed  to  urge  upon  the  contrac- 
tors of  the  country  the  seriousness  and  vital  neces- 
sity for  national  co-operation,  and  we  believe  that 
vital  results  can  grow  out  of  the  coming  convention. 
We  appreciate  that  the  large  contracting  organiza- 
tions throughout  the  country  are  apt  to  feel  that  they 
are  able  to  take  care  of  themselves,  and  are  inclined 
to  neither  give  assistance  or  ask  assistance.  Such 
action  on  the  part  of  any  contractors  working  on  a 
Government  contract  or  a  private  contract,  with  or 
without  prospects  for  additional  work,  should  never- 
theless make  them  realize  that  this  will  be  their  only 
opportunity  to  signify  their  willingness  to  assist  the 
Government  in  its  present  and  future  aims. 

In  conclusion,  therefore,  we  beg  to  invite  the  at- 
tendance at  the  convention  of  such  contractors  as 
can  possibly  send  representatives  to  this  convention, 
and  to  such  as  cannot,  if  they  will  send  us  their  names 
to  504  Century  Bldg.,  St.  Louis,  Mo.,  we  shall  be  glad 
to  keep  them  informed  as  to  the  results  of  the  con- 
vention, and  future  efforts  of  the  profession. 

Let  us  all  join  in  this  patriotic  purpose. 

A.  P.  Greensfelder,  President, 
American  Society  of  Engineering  Contractors. 

St.  Louis,  Mo. 


Invitation  from  U.  S.  Chamber  of  Commerce. 

.You  are  invited  to  attend  a  convention  of  repre- 
sentatives of  the  Building  Industries  to  be  held  at  At- 
lantic City  on  Monday  and  Tuesday,  July  15  and  16. 

Business:  To  consider  ways  and  means  whereby 
the  various  divisions  of  the  building  industries  can 
find  a  common  ground  upon  which  they  may  give  co- 
ordinate assistance  to  the  Government  during  the 
war;  to  develop  machinery  whereby  the  industries 
can  speak  with  a  united  voice  upon  matters  affecting 
all  interests  involved,  and  consider  plans  for  the  re- 
establishment  and  maintenance  of  the  general  pros- 
perity of  the  industry  as  a  whole. 

It  is  desired  to  have  the  convention  as  thoroughly 
representative  as  possible.  Your  organization  is 
asked  to  send  as  many  delegates  as  may  be  induced 
to  attend  the  convention,  but  it  is  requested  that  your 
organization  shall  name  one  delegate — preferably  a 
prominent  business  man — who  shall  be  authorized  to 
speak  for  your  organization  and  who  may  be  recog- 
nized as  willing  to  serve  upon  a  Central  War  Sen'ice 
Committee. 

For  your  information,  it  may  be  pointed  out  that 
this  is  one  of  a  large  number  of  trade  groups  con- 
vening at  the  suggestion  of  the  War  Industries  Board. 
If  national  organization  is  effected,  the  Central  War 
Industries  Board  and  its  several  departments  through 
the  certification  of  the  Chamber  of  Commerce  of  the 
United  States. 

The  convention  takes  place  at  the  Hotel  Marl- 
borough-Elenheim  and  commences  at  10  o'clock  on 
Monday,  July  15. 

Harry  A.  Wheeler,  President, 
Chamber  of  Commerce  of  the  United  States. 


Labor  Saving  Machinery  in  Water  Works 
Service 

The  value  of  labor  saving  machinery  to  the  water 
works  superintendent  was  pointed  out  by  Mr.  J.  A. 
Jensen,  Superintendent  of  Water  Works  of  Minneap- 
olis, Minn.,  in  a  paper  presented  last  fall  before  the 
Minnesota  section  of  the  American  Water  Works  As- 
sociation. Excerpts  from  his  paper  follow:  On  work 
in  limestone  ledge,  trenching  for  pipe  laying,  an  air 
compressor  and  operator  with  two  plug  drills  and  two 
men  replaced  20  men  with  hand  drills.  In  laying  steel 
pipe  the  same  compressor  with  10  boiler  makers 
equipped  with  the  necessary  riveting  and  calking 
hammers,  reaming  tools  and  other  equipment  carried 
on  the  work  of  a  whole  company  of  similar  skilled 
labor  with  hand  tools. 

A  single  first-class  power  operated  trench  pump  has 
been  found  to  do  as  much  work  as  three  hand-operated 
pumps  manned  by  a  dozen  laborers. 

In  1913  the  city  of  Minneapolis  purchased  a  large 
trenching  machine  for  use  on  several  miles  of  trunk 
pipe  lines.  This  machine  put  out  39,200  cu.  yd.  of 
earth  at  a  unit  cost  of  9.3  ct.  per  cubic  yard  on  about 
3  miles  of  trench.  On  another  piece  of  work  a  steam 
shovel  on  back-fill  handled  23,730  cu.  yd.  on  9,250  ft. 
of  trench  at  a  unit  cost  of  4.8  ct.  per  cubic  yard. 

In  service  work  at  Minneapolis  with  miscellaneous 
jobs  scattered  over  40  or  more  square  miles  of  terri- 
tory, Ford  runabout  trucks  are  employed,  each  rig  and 
two  men,  generally  speaking,  replacing  three  single- 
horse  rigs  and  six  men.  This  is  explained  by  the  fact 
that  the  principal  part  of  the  performance  in  street 
service  is  mileage,  and  the  work  itself  is  secondary  so 
far  as  time  element  is  concerned. 
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Methods  and  Costs  of  Puinpinj^  for 

Irrigation  in  Arkansas  Ri\cr 

\ailey 

Numerous  irriKatioii  putnpini;  plant;)  are  iiuw  beintf 
operated  by  farmers  in  the  Arkansas  River  valley  of 
Kansas.  A  summary  of  the  practice  in  this  district 
has  been  issued  recently  by  the  Division  of  Collejce  Ex- 
tension of  the  Kansas  State  Agricultural  College.  The 
bulletin  is  the  result  of  observations  of  the  various 
pumping  e.xperiments  made  in  the  most  part  by  H.  B. 
Walker,  formerly  state  drainage  and  irrigation  engi- 
neer. It  has  been  prepared  by  Mr.  J.  B.  Marcellus, 
drainage  and  irrigation  engineer,  from  the  notes  and 
material  collected  by  .Mr.  Walker.  The  matter  fol- 
lowing has  been  taken  from  the  above-mentioned  bul- 
letin : 

I.,ucation  and  hind  of  Well. — The  general  practice 
in  the  upper  Arkansas  river  valley  is  to  put  in  a  bat- 
tery of  wells  and  connect  all  of  these  to  a  common  suc- 
tion pipe  atti'.ched  to  the  pump.  These  wells  are 
usually  placed  at  right  angles  to  the  underflow  and 
about  30  to  40  ft.  between  centers.  In  some  cases  as 
many  as  12  wells  are  attached  to  one  pump,  while  in 
other  cases,  where  the  gravel  and  sand  are  coarser,  it 
is  only  necessary  to  put  in  three  or  four  wells.  The 
battery  of  wells  is  practical  for  the  Arkansas  river 
valley,  as  the  distance  to  water  usually  does  not  e.\- 
ceed  25  to  30  ft. 

In  the  lower  Arkansas  river  valley  the  water-bear- 
ing sand  seems  to  be  a  little  coarser,  and  it  is  quite 
possible  to  sink  a  single  well  and  secure  a  quantity  of 
water  ranging  from  300  gal.  to  1,000  gal.  per  minute. 
In  such  cases  a  well  pit.  usually  6  ft.  in  diameter,  is 
€.\cavated  down  to  the  water-bearing  stratum.  In  the 
bottom  of  the  well  pit  a  steel  casing,  properly  per- 
forated, and  ranging  from  24  to  36  in.  in  diameter,  is 
sunk  through  the  sand  and  gravel.  Where  a  battery 
of  wells  is  constructed  the  casing  is  usually  15  in.  in 
diameter,  and  is  properly  perforated  to  permit  the 
water  to  enter  and  to  exclude  the  gravel  and  coarser 
sand. 

In  any  case  the  well  is  a  very  important  part  of  an 
irrigation  plant.  It  should  not  be  located  until  proper 
tests  are  made,  and  great  care  should  be  used  in  it'< 
construction. 

Well  Casings  and  Strainers. — It  is  the  general  cus- 
tom throughout  the  valley  to  use  ordinary  galvanized 
iron,  usually  16  gauge,  for  the  casings  and  strainers. 
These  strainers  will  last  for  a  long  period  of  years  if 
they  are  not  too  large  in  diameter,  and  unless  the 
water  is  more  or  less  salty.  It  is  not  unusual,  how- 
ever, for  the  casings  to  fail,  due  to  the  use  of  too  light 
a  material  for  wells  24  or  36  in.  in  diameter.  Cement 
casings  are  used  to  some  e.xtent.  All  cement  casings 
should  be  properly  reinforced  to  withstand  the  pres- 
.'-ure  of  the  sand  and  gravel  from  the  outside.  The 
function  of  the  strainer  is  to  exclude  the  sand  :»nd 
gravel  and  allow  the  water  to  enter  the  well.  The 
strainer  should  have  20  to  30  per  cent  perforations. 
and  should  not  be  placed  in  very  fine  water-bearing 
material.  A  well  may  be  developed  by  pumping  the 
fine  sand  out  and  packing  the  outside  strainer  with 
broken  stone  or  coarse  gravel. 

Kind  of  I'ump.x. — Actual  experience  in  the  pumping 
field  demonstrates  that  the  centrifugal  pump  is  best 
adapted  for  pumping  large  quantities  of  water.  These 
pumps  have  a  few  moving  parts,  arc  simple  in  con- 
struction, arc  capable  of  handling  a  large  (juantity  of 
water,  and  also  can  successfully  pump  a  considerable 
quantity  of  sand  without  injury  to  the  pump. 


The  farmer  should  select  a  simple  type  of  centrif- 
ugal pump.  For  pumping  heads  of  50  ft.  or  less,  the 
ordinary  single-.Htage  centrifugal  pump  is  best  adapt- 
ed. This  pump  may  be  either  the  horizontal  or  ver- 
tical type.  Where  the  distance  to  water  is  20  ft.  or 
less,  it  is  the  practice  tu  use  a  horizontal,  single-stage, 
side-suction  centrifugal  pump.  This  pump  is  placed 
in  the  well  pit  as  near  the  water  line  as  possible,  and 
a  belt  run  is  excavated  so  that  the  line  of  the  belt  will 
be  on  an  angle  of  about  45  with  the  horizontal.  The 
tngine  is  placed  on  the  surface  of  the  ground.  Such 
pumps  are  simple  in  construction,  are  very  easy  to 
keep  in  alignnient,  and  when  properly  cared  for  will 
last  a  number  of  years. 

Where  the  distance  to  water  exceeds  20  ft.  it  is  the 
practice  to  install  a  vertical  centrifugal  pump.  This 
pump  is  similar  in  construction  to  the  horizontal  one, 
except  that  the  impeller  is  operated  by  a  vertical  shafts 
This  makes  it  possible  to  place  the  bowl  of  the  pump 
beneath  the  water  surface;  the  vertical  shaft  is  run  to 
the  ground  surface,  and  the  pump  is  operated  by  a 
quarter-turned  belt  attached  to  the  driving  power. 
Such  pumps  should  be  carefully  installed  in  order  that 
the  shaft  will  be  perfectly  aligned.  It  is  preferable 
to  hang  the  pump  from  the  surface  of  the  ground, 
rather  than  to  attach  it  to  the  well  casing.  A  single- 
stage  pump  gives  excellent  satisfaction. 

In  order  to  secure  the  highest  efficiency  from  cen- 
trifugal pumps  there  must  be  a  definite  relation  be- 
tween the  speed  of  the  pumps  and  the  lift  of  the  water. 
Any  change  in  this  speed  directly  affects  the  efficiency 
of  the  pump.  It  is  important,  then,  that  the  pump 
owner  should  know  the  proper  speed  at  which  to  oper- 
ate the  pump  in  order  to  secure  the  greatest  efficiency 
for  the  conditions  of  the  lift.  Reliable  manufactur- 
ers furnish  data  with  their  pumps  which  enable  the 
purchaser  to  determine  the  speed  at  which  the  pump 
should  be  operated  to  insure  the  best  results  for  dif- 
ferent lifts.  If  purchasers  will  require  such  informa- 
tion with  their  equipment  and  will  install  machinerj* 
which  is  suited  to  their  actual  working  conditions, 
there  will  be  less  complaint  concerning  the  lack  of 
efficiency  of  modern  centrifugal  pumps,  and  more 
profit  will  be  realized  from  the  pumped  water. 

Amount  of  Water  Required. — The  area  of  land 
which  can  be  irrigated  from  a  well  will  depend  upon 
the  flow  of  water  and  the  character  of  the  land  to  be 
irrigated.  If  a  farmer  has  a  pumping  plant  with  a 
capacity  of  1,000  gal.  per  minute  he  can  reasonably 
expect  to  irrigate  100  to  200  acres  of  land.  While 
theoretically  this  is  5  to  10  gal.  per  minute  per  acre, 
it  is  always  necessary  to  have  a  certain  amount  of 
head  to  cover  the  land,  and  it  would  be  verj-  difficult 
and  tedious  to  irrigate  5  acres  with  a  flow  of  50  gal. 
per  minute. 

Sandy  land  will  require  about  twice  as  much  water 
as  will  heavy  land.  The  ability  of  the  irrigator  can 
easily  make  100  per  cent  difference  in  amount  of  water 
required.  The  preparation  of  land  and  the  method 
used  to  distribute  the  water  are  the  factors  which 
make  irrigation  a  success  or  a  failure,  financially. 
Usually,  however,  the  larger  the  capacity  of  the  plant 
the  more  benefit  the  farmer  will  receive  from  the 
water.  More  than  twice  as  much  land  can  be  irri- 
gated with  a  flow  of  1,000  gal.  per  minute  than  would 
be  possible  with  a  flow  of  500  gal.  per  minute. 

Power  for  Pumping. — The  type  of  fuel  which  the 
farmer  should  use  will  depend  somewhat  on  the  size 
of  the  installation.  For  small  installations  of  from 
3  to  10  h.  p..  kerosene  probably  is  the  most  reliable 
tuel.  For  installations  of  3  h.  p.  or  less,  it  probably 
would  be  more  economical  to  use  gasoline. 
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For  engine  of  15  h.  p.  or  greater,  quite  generally  it 
is  found  economical  to  use  a  distillate  oil  for  fuel. 
Distillate  may  be  secured  at  prices  varying  from  5  to 
10  ct.  per  gallon.  The  amount  of  power  developed  by 
1  gal.  of  distillate  is  practically  the  same  as  that  de- 
veloped from  1  gal.  of  gasoline,  and  it  is  possible  to 
make  quite  a  saving  in  fuel  cost  by  installing  engines 
which  are  equipped  to  use  this  character  of  oil.  En- 
gines burning  distillate,  however,  require  more  or 
less  attendance,  and  for  this  reason  it  is  perhaps  not 
so  well  adapted  to  engines  of  small  horsepower. 

Cost  of  Plant. — The  cost  of  the  completed  pumping 
plant  will  vary  from  $60  to  $100  per  horsepower.  The 
larger  the  plant  the  less  the  cost  per  horsepower.  Spe- 
cific costs  cannot  be  given,  for  the  reason  that  local 
conditions  will  determine  the  character  and  type  of 
the  well  and  the  kind  of  machinery  to  be  installed. 

A  pumping  plant  having  a  capacity  of  750  gal.  per 
minute  is  large  enough  to  irrigate  an  80-acre  tract  in 
the  Arkansas  river  valley  if  the  distance  to  water  is 
20  ft.  In  other  words,  a  No.  5  single-stage,  centrif- 
ugal pump  would  be  necessary  for  this  work.  The 
"draw  down"  in  the  well  probably  would  be  about 
20  ft.,  or  the  total  lift  for  a  plant  of  this  size  probably 
would  be  in  the  neighborhood  of  40  feet.  To  operate 
the  plant  at  its  fullest  capacity  a  25-hp.  oil-burning 
engine  would  be  required.  The  probable  cost  of  the 
engine,  installed,  would  be  approximately  $1,000.  The 
cost  of  the  pump  and  piping,  complete  and  in  place, 
would  be  approximately  $250.  This  would  make  a 
total  machinery  cost  of  $1,250,  not  including  the  hous- 
ing of  the  engine  and  well.  The  well  probably  should 
have  a  depth  of  60  ft.,  and  if  constructed  by  local 
labor  the  total  cost  per  foot  would  be  about  $4.50, 
which  would  make  the  total  cost  of  the  well  $270. 
The  engine  house  and  other  accessories,  including 
oil  tank,  belting,  etc.,  perhaps  would  cost  $330.  Add- 
ing $150  for  incidental  and  other  expenses  will  make 
the  total  cost  of  the  plant,  complete  and  in  place,  ap- 
proximately $2,000.  This  would  be  a  cost  of  $25  per 
acre,  or  $80  per  horsepower  required  for  a  plant  of 
this  size. 

This  perhaps  is  a  fair  example  of  the  cost  of  pump- 
ing plants  in  the  Arkansas  River  Valley.  It  is  prob- 
able, however,  that  with  a  flow  of  750  gal.  per  min- 
ute a  farmer  could  irrigate  more  than  80  acres  of 
land  if  proper  methods  of  application  were  used.  No 
pumping  plant  should  be  considered  complete  until 
it  is  properly  housed  and  protected  from  the  weather. 

Cost  of  Operation. — An  engine  will  consume  about 
one-eighth  of  a  gallon  per  horsepower  per  hour. 
That  is,  a  25-hp.  engine  will  consume  about  3  gal. 
of  oil  per  hour.  If  this  should  be  distillate  fuel,  the 
cost  would  be  about  20  ct.  per  hour.  Lubricating  oil 
probably  would  cost  3  ct.  per  hour,  making  a  total 
•  fuel  cost  of  about  23  ct.  per  hour  for  a  25-hp.  engine. 

Attendance  to  plant  will  vary  with  the  size  of  the 
engine.  The  larger  the  engine  the  more  attendance 
will  be  required.  For  a  25-hp.  engine  the  cost  of 
attendance  probably  would  amount  to  about  10  ct. 
per  hour. 

In  general,  depreciation  can  be  figured  at  approx- 
imately 10  per  cent  per  annum. 

Interest  on  the  investment  will  vary  with  the  lo- 
cality, but  probably  will  be  about  8  per  cent  per  an- 
num. It  is  readily  seen  that  two  very  important 
items  in  the  cost  of  water  are  the  interest  on  the  in- 
vestment, and  the  depreciation  in  the  plant.  Each 
of  these  will  be  practically  equal  to  the  fuel  cost, 
but  this  will  depend  more  or  less  upon  the  number 


of  days  the  plant  is  operated.  Under  average  con- 
ditions, figuring  on  a  basis  of  90  days'  pumping,  the 
fuel  cost  will  vary  from  3  ct.  to  5  ct.  per  acre  foot  of 
water  per  foot  of  lift.  The  depreciation  will  be 
equivalent  to  the  same  amount,  and  interest  on  the 
investment  probably  will  be  equal  to  the  fuel  cost, 
making  the  total  cost  of  water  about  9  ct.  to  15  ct. 
per  acre  foot  per  foot  of  lift. 

Applying  these  figures  to  a  40-ft.  lift,  the  cost  of 
enough  water  to  cover  an  acre  of  land  12  in.  deep 
would  vary  from  $3.60  to  $6.  For  a  single  irrigation 
4  to  6  in.  of  water  would  be  required.  On  a  basis  of 
4  in.  per  irrigation,  1  acre  foot  would  cover  3  acres 
of  land,  and  the  cost  per  irrigation  would  vary  from 
$1.20  to  $2.  In  many  cases  only  fuel  costs  are  con- 
sidered. The  cost  of  a  4-in.  irigation  with  a  25-hp. 
engine,  operating  a  No.  5  pump  with  the  40-ft.  lift, 
under  first-class  operating  conditions,  would  be  about 
$1.50  per  acre. 
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Rules  for  Operation  of  Imhoff  Tanks 

The  following  rules  for  operation  of  Imhoflf  tanks 
are  taken  from  the  report  of  the  Committee  of  Sani- 
tation of  the  Minnesota  Surveyors'  and  Engineers'  So- 
ciety, submitted  at  the  last  annual  meeting  of  the  so- 
ciety: 

Any  material,  other  than  sand  and  grit,  which  may 
collect  in  the  inlet  chamber,  should  be  forced  through 
the  opening  into  the  settling  chamber.  Sand  and  grit 
should  be  removed  and  deposited  upon  the  surface  of 
the  ground.  The  inlet  chamber  should  be  kept  clean 
at  all  times.  Any  material  which  rises  to  the  surface 
of  the  sewage  in  the  settling  chamber  which  does  not 
sink  readily  when  broken  up,  should  be  removed  to 
the  vents.  Any  sludge  which  deposits  on  the  walls 
of  the  settling  chamber  should  be  forced  through  the 
-slots  into  the  sludge  chamber.  The  walls  of  this 
chamber  can  be  kept  clean  by  daily  scraping  and  forc- 
ing any  adhering  deposits  through  the  slots.  This  can 
be  accomplished  by  using  the  device  shown  on  the  ap- 
pended blueprint. 

Any  scum  which  collects  on  the  surface  of  the  sew- 
age in  the  vents  should  be  thoroughly  stirred  up  daily, 
so  as  to  liberate  the  entrained  gases  and  facilitate  the 
£,ettling  of  the  solid  material.  If  the  scum  in  the 
vents  should  reach  a  thickness  of  over  6  in.  a  portion 
of  it  should  be  removed.  The  surface  of  the  sludge 
ir  the  sludge  chamber  should  never  be  allowed  to 
reach  a  point  higher  than  2  ft.  below  the  slots,  equiva- 
lent to  a  point  about  9  ft.  below  the  surface  of  the 
sewage.  The  level  of  the  sludge  in  the  sludge  cham- 
ber should  be  lowered  about  2  ft.  each  time  the  sludge 
is  removed,  except  in  the  late  fall,  when  about  4  ft. 
should  be  removed,  to  allow  for  the  winter's  accumu- 
lation. The  operator  should  be  provided  with  a  sam- 
pling outfit  by  means  of  which  bottle  samples  of  sew- 
i^ge  in  the  sludge  chamber  can  be  collected  at  various 
depths  and  the  exact  location  of  the  surface  of  the 
sludge  determined. 

The  surface  of  the  sludge  should  be  determined  at 
least  once  every  two  weeks. 

Ice  which  may  collect  on  the  surface  of  the  sewage 
in  the  settling  and  vent  chambers  should  be  removed 
immediately. 

When  the  sludge  on  the  drying  bed  reaches  a  depth 
of  about  1  ft.,  it  should  be  removed.  Since  a  portion  of 
the  sand  will  adhere  to  the  sludge  removed  from  the 
bed,  it  will  be  necessary  to  replace  the  top  layer  of 
sand  on  the  bed  from  time  to  time. 
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Fertilizing^  Value  of  Activated 
Sludge 

In  December,  1915,  a  small  i-xperimental  activated 
."•lud^e  plant  was  placed  in  operation  at  the  main 
sewatre  disposal  works  of  Toronto,  Ont.  Tests  of  the 
fertilizing  value  of  the  sludjre  produced  at  the  plant 
have  been  made  by  George  G.  Nasmith  and  G.  P.  Mc- 
Kay of  the  Department  of  Public  Health,  Division  of 
Laboratories.  The  results  are  described  by  Messrs. 
Nasmith  and  McKay  in  a  recent  issue  of  the  Journal 
of  Industrial  and  Engineering  Chemistry,  to  which 
we  are  indebted  for  the  matter  in  this  article. 

Preparation  of  Experimental  Plot. — The  fertiliz- 
ing value  of  manure  was  taken  as  the  standard  of 
comparison  for  the  tests.  No  attempt  was  made  to 
compare  the  value  of  sludge  with  commercial  fer- 
tilizers on  a  nitrogen,  phosphoric  acid  or  potash  ba- 
sis. The  real  single,  tinal  test  of  any  fertilizer  or 
manure  is  the  increase  in  the  yield  produced  by  it 
when  compared  with  an  equivalent  amount  of  barn- 
yard manure. 

For  the  plot  e.xperments  a  site  was  selected  on  verj' 
poor,  humus-free  clay  soil,  adjacent  to  the  experi- 
mental plant.  The  surface  was  scraped  to  free  it  of 
any  organic  matter  present,  and  4  in.  of  water- 
washed  sand  were  then  thoroughly  incorporated  with 
the  soil  to  a  depth  of  10  in.  This  was  done  to  per- 
mit of  aeration,  to  prevent  the  soil  baking  in  the  sun, 
and  to  make  the  soil   friable. 

Six  beds,  each  10  ft.  x  4  ft.,  were  then  laid  out  and 
separated  from  the  paths  by  boards  placed  edgewise 
in  the  ground. 

One  bed  was  kept  as  a  control,  and  no  fertilizer 
added  to  it.  The  second  was  treated  with  27  lb.  of  air- 
dried  horse  manure,  and  the  other  four  each  with  27 
lb.  of  air-dried  sludge  (equivalent  to  14^2  tons  to 
the  acre).    This  is  summarized  below: 

Quantity  Total  Total 

Bed.        Alr-drled  fertilizer.                        used.  nitrogen.  PjO.. 

Lb.  Per  cent.  Per  cent. 

No.  1.     Xone    0  .0  0 

No.  2     Manure     27  1.90  100 

.Vo.  3     Ai'tiv:ued  sludge   27  2..-.0  2.46 

No.  4.     Sludite   from  old   bet" 27  110  0  S.'> 

No.  5     Humu.<i— brush   filter    27  130  1.20 

No.  6.     Sludge— tanks    27  1.21  1.24 

Planting  and  Care  of  Crop.— On  May  18,  1917, 
the  fertilizers  were  added  and  thoroughly  incorpo- 
rated with  the  soil,  and  on  May  21,  the  seeds  were 
planted  in  all  the  beds.  Seeds  were  used  e.xcept  in 
the  case  of  tomatoes  and  Spanish  onions.  A  fairly 
thick  planting  was  made  so  that  plenty  of  seedlings 
would  be  available  when  thinning  out,  and  a  uni- 
form number  of  strong  seedlings  of  each  variety 
could  be  left  in  each  bed. 

As  each  row  of  vegetables  was  pulled  from  the 
several  beds  at  the  same  time,  the  complete  plants 
leaves  and  all,  were  placed  in  bags,  labeled  and 
brought  to  the  laboratory.  After  the  removal  of  ad- 
herent earth  the  product  of  each  bed  was  weighed; 
the  tops,  in  the  ca.se  of  root  crops,  were  then  taken 
cfT  and  weighed  separately  and  the  difference  taken 
;.s  the  weight  of  the  root.  Notes  were  also  made  as 
to  the  quality  of  the  crop. 

Before  weighing,  the  crops  were  spread  out  on  the 
floor  in  their  respective  groups  and  photographed. 
The  photographs,  however,  gave  only  a  general  idea 
of  the  difference  in  size  of  the  various  groups  be- 
cause of  the  fact  that  the  camera  had  to  be  tilted, 
in  conse(|uence  of  which  the  rows  closer  to  the  camera 
appear  larger  and  the  rows  farther  away  smaller 
than  they   should   be. 

The  plan  adopted  worked  very  well  in  practice  and 
gave,  it  is  thought,  fair  comparative  results. 


Daily  ob.servntions  were  made  by  the  man  who 
looked  after  the  beds,  and  who  was  himself  a  gar- 
dener, as  to  appearance  of  the  various  vegetables, 
temperature,  rainfall  and  cultivation.  When  he  cul- 
tivated one  bed  he  cultivated  all  the  beds;  if  he 
watered  one  he  watered  all,  and  used  the  same  amount 
of  water,  and  when  he  pulled  one  variety  he  pulled 
that  variety  from  all  the  beds. 

In  this  way  an  attempt  was  made  to  eliminate  every 
factor  which  might  give  any  advantage  to  one  bed 
over  another,  and  to  remove  every  influence  that 
might  have  had  any  bearing  on  the  growth  of  the 
plants  except  the  actual  effect  of  the  fertilizers  them- 
selves during  the  course  of  one  season. 

.Synopses  of  Results. — The  following  are  synopses 
of  the  results  obtained: 

T.MILK    1— KAULY    UADI.SIM  -^ 

Actf-  -ludKO 

Con-     Ma-    vated  fr«m 

trJl.  nure.  aludKi- -     iank>. 

Weight,    total— grumii 9t         <55         767         ilT         0»J         761 

Weight,    root.s     gnim* 69         S50         4S0         200         417         61« 

Weight.    topK— gnim« S3         105         2«7         117         1«5         234 

Increase  In  roots  over  con- 
trol—per  cent    493         730         J39         (Ot         778 

Yield  per  acre — ton» 6.04       7         ...         

TABLE  2— HEAD  UETTfCE. 

Weight,    total— grama 31        238        4S4 

Increase    over    control — per 

cent    CS7      1461 

Yield   per  acre — tons 1.9        J. 88  ... 

TABI.K  S— LETTUCE.  GRAND  RAPIDS. 

Weight,    total— grams 75  •  i;24         155        2T7        248 

Increase    over    control^per 

cent    •  598         10«         M9         228 

Yield   per  acre — tons * 

•Missing. 

TABLE   4— BEAN.S. 

Weight,    total- grams 256         296         625         357         377         531 

Increase    over    control — per 

cent    15. e     105  39.4       47.1     107 

Y'leld  per  acre — tons 1.7S       3.16  ... 

TABLE  5— BEETS. 

Weight,    total— grams 79       1796       3437       1160       2012       2945 

W'eight.    roots-grams 24         'i30       173;         437         S91       1169 

Increase    over    control — per 

cent    2?41        .137       1304       3612       4770 

Yield   per  acre— tons 5.85     13.90 

TABLE  6— LATE  RADISHES. 

Weight,    total— gram.s 32  75         TIS         47!         S»6         738 

Weight,    rootit- -grams 18  43         ITii         2S3         197         452 

Increase    over    control — per 

cent    139         894       1470       1006       2410 

Yieid  per  acre — tons 

T.XBLE  7— TOMATOES. 

Weight,    total— grams 29         422       1664         164         533       1184 

No.     of     tomatoes 2  9  15  2  6  13 

Average    weight    of    single 

tomato— grams     14^i       47         110  82  89  91 

Increase    over    control — per 

cent     1335       5603         466       1738       3983 

Yield    per   acre — tons 5.07     19.9      

TABLH    S— CARROTS. 

Weight,    total— grams    885       1680       1535       1425       1560       2695 

Increase    over    control — per 

tent    96  80  66  82         215 

Y'leld  per  acre — tons    20         ...         ...         ...  32.4 

TABLE  9-OMONS.    SPANISH    (16  BEST). 
Weight,     totnl— grami>     ....   41  96         2!>0         14!  C8         S»7 

Increase    over    control — per 

rent    134         5S3         246  64         700 

Yield    per    I'-re — tons 1.2         3.4      3.9 

TABLE    10— O.MONS.    RED    WKATHERFIELD    (8    BEST). 

Weight,     total— Ki-ama     67         110         720         239         225         410 

Iiicreiiso    over    control— per 

cent    M        '**  .     •'*        "'        '-■ 

Yield     per    acre — tons 13         87...  ...  51 

TABLE  11— ONIONS.  DANVERS  YELLOW  GIXtBE  <8  BESTl. 

Weight,     total— Ki-anis     67         124         232         260         184         169 

Incre-ise    over    control— per 

ront     8*         S46         S88         174         162 

Yield  per  acre — Ions 1.6         !.8 

Results  Indicate  that  .-Vclivated  Sludge  is  the  Most 

Reliable  Icrlili/.er.  Fmni  the  foregoing  tabulated  re- 
sults it  i.-i  clearly  evident  that  activated  sludge  is  a 
most  valuable  fertilizer.  When  compared  with  the 
standard  barnyard  manure  used  by  the  farmer,  the 
results  show  the  following  increases: 

in<"Ri:a.«e  in  YiKi.n  die  Xd  m^ivated  sludge  over 
II  m:n>  .\i:i>  M.\NTi:i: 

r.  r     .  •■• 
Rudlshes     . 
I.cttuco    . 
Benn.t     . . 
Beets     ... 
Ijito    rndl^•tl• 
Tomatoes 
I'lirroli    .  " 

'^s',',''.nlM,  1»1« 

W.:..l..rll.l.l  "J? 

Pai.vers    Yiilu«    ■:  -i  •  «'  1 
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From  the  results  obtained  it  seems  to  be  true  that 
crops  such  as  lettuce,  where  the  foliage  itself  is 
eaten,  or  crops  like  beans,  beets  or  tomatoes,  which 
demand  a  heavy  growth  of  plant  and  leaf  if  the  yield 
of  roots  or  fruit  is  to  be  heavy,  can  be  stimulated  into 
very  heavy  growth  by  the  use  of  activated  sludge. 
The  increase  in  the  yield  of  onions  is  also  great. 

For  the  growth  of  lettuce  or  tomatoes  under  glass, 
activated  sludge  should,  therefore,  prove  to  be  a  most 
valuable  fertilizer.  In  the  case  of  radishes,  though 
the  final  weight  was  not  materially  greater,  the  rad- 
ishes matured  much  more  rapidly,  which  is  just  as 
valuable  to  the  market  gardener  as  if  his  crop  were 
greater,  for  the  quick  growth  is  what  is  wanted. 
The  same  holds  good  of  lettuce  or  beets  in  which  the 
growth  was  much  more  rapid  than  it  was  with  the 
other  fertilizers  tested.  These  points  are  now  be- 
ing tested  by  actual  experiments  under  glass. 

It  should  be  noted  that  the  amount  of  air-dried 
manure  added,  14^2  tons  per  acre,  is  about  the  maxi- 
mum amount  that  could  be  used  to  advantage,  and, 
therefore,  in  all  probability  the  maximum  crops  capa- 
ble of  being  produced  by  the  addition  of  manure  had 
been  produced. 

If  this  is  true  then  the  increase  in  yield  due  to  ac- 
tivated sludge  over  ordinary  barnyard  manure  is 
very  striking  and  at  once  places  a  high  monetary 
value  on  this  material,  for  the  value  of  fertilizers 
must  be  directly  proportional  to  the  crop  returns 
yielded   by  them. 


Cost  of  Thawing  Water  Services  with 
Electricity 

At  the  recent  convention  of  the  American  Water 
Works  Association  considerable  information  regard- 
ing last  winter's  experiences  with  frozen  water  serv- 
ices was  brought  out  in  the  discussions.  The  costs  of 
electrically  thawing  services  in  several  of  the  cities 
are  shown  in  the  following  table: 

Fer 
service.  Remarks. 

Paterson,   N.   J $  8.20     Includes  all  expenses  and  over- 
head. 

Madison.    Wis 10.00     Chargre  for  thawing. 

Kitchener.    Ont 2.O0     Current   50  ct.   per  service. 

Petersboro,    Ont 2-2.50 

Niag-ara  Falls,   Ont 10.00     Charge   by  electric  company. 

Green  Bay,  Wis 3.^0-12     Electric  light   company  charged 

$1.50  per  hour  for  current  and 
$3  per  hour  for  men. 

New  Rochelle.  N.  Y 15.00     Charge    by    electric    light    com- 
pany. 

Trenton,   N.   J 7.50     Water   Department. 

Gar}',  Ind 3.00     By  citv:   electric  light  company 

charged   $10. 

T.,awrence,    Kan 3.25     Current  10  ct.   per  hour:  1  man 

at  60  ct..  1  man  at  35  ct.  and 
1  man  at  25  ct. 

St.  Louis  County,  Missouri     0.58     Current    $1    per    connection    and 
75  ct.   per  hour  for  man. 

Minneapolis.    Minn 5.00     City   outfit. 


Average  Rainfall  for  50-Year  Period. — The  average 
yearly  rainfall  at  Fitchburg,  Mass.,  for  a  50-year 
period  has  been  41.71  in.,  according  to  the  last  annual 
report  of  the  Board  of  Water  Commissioners  of  that 
city. 


Cost  of  Installing  Meters  on  Old  Services. — The  cost 
of  labor  and  material  for  installing  meters  on  old 
services  at  Louisville,  Ky.,  in  1917,  according  to  last 
annua!  report  of  the  Board  of  Water  Works,  was  as 
follows : 

Size.  Cost 

In.  No.           per  meter. 

% 21  SO. 62 

% 5  .57 

1     9  1.01 

1% 1  1.95 

2     7  .54 

Of  the  total  cost  of  $30.87  for  installing  the  meters, 
$29.95  was  for  labor  and  92  ct.  for  material. 


Plant  Extensions  of  Public  Utili- 
ties Financially  Considered 

By  J.  W.  LEDOUX. 

At  the  New  Orleans  meeting  of  the  American  Water 
Works  Association  in  1910,  the  writer  presented  a 
short  paper  calling  attention  among  other  things  to 
the  danger  of  putting  in  water  works  extensions  with- 
out adequate  returns.  Since  that  time  there  is  good 
reason  to  believe  that  this  subject  has  been  receiv- 
ing careful  attention  by  many  water  works  engineers 
and  superintendents. 

In  past  years  it  was  common  practice  for  the  water 
works  management  to  install  at  its  own  expense  an 
extension  where  the  revenue  in  sight  did  not  exceed  10 
per  cent  of  the  cost  of  the  extension.  It  is  the  opin- 
ion of  the  writer  that  under  ordinary  circumstances 
it  does  not  pay  to  lay  a  water  works  distributing  pipe 
extension  unless  the  annual  revenue  obtainable 
thereon  is  considerable  over  25  per  cent  of  the  cost. 

An  examination  of  the  statistics  of  privately  owned 
water  works  plants  in  the  United  States  shows  that 
the  distribution  piping  system  upon  which  consumers 
are  located  will  cost  from  25  to  65  per  cent  of  the  cost 
of  the  entire  works;  45  per  cent  representing  prob- 
ably a  fair  average.  They  show  also  that  the  entire 
cost  of  operation,  not  including  depreciation,  will  gen- 
erally range  between  3  and  7V2  per  cent  of  the  cost,  a 
fair  average  being  about  4I2  per  cent.  This  cost  of 
operation  will  also  be  seen  to  range  between  25  and 
75  per  cent  of  the  gross  revenue,  a  fair  average  be- 
ing about  45  per  cent. 

In  these  respects  every  water  works  has  its  own  par- 
ticular characteristics.  For  many  gravity  plants,  as 
well  as  advantageously  located  pumping  plants,  the 
operating  expenses,  when  considered  as  a  percentage 
of  the  cost  of  the  plant  or  of  the  gross  revenue,  are 
comparatively  low. 

The  relative  cost  of  the  distribution  system  will  de- 
pend largely  on  the  number  of  consumers  per  mile  of 
distribution  pipe  and  the  adequacy  of  the  fire  protec- 
tion. 

If  a  demand  were  made  upon  the  water  works  man- 
agement to  lay  a  pipe  extension  at  a  given  location, 
the  first  consideration  would  be  whether  the  pipe 
would  be  used  for  domestic  and  industrial  use,  fire 
service  or  both.  If  the  former,  a  large  quantity  of 
water  will  be  consumed.  If  for  fire  service  scarcely 
any  water  will  be  consumed,  so  that  at  first  sight  it 
would  seem  that  much  less  percentage  of  return  on 
the  cost  of  the  extension  will  be  required  if  the  serv- 
ice is  to  be  entirely  for  fire  protection  than  if  for 
water  consumption,  for  the  latter  taxes  the  entire 
plant,  while  the  former  generally  taxes  only  the  dis- 
tributing system.  However,  it  is  believed  that  it  is 
not  necessary  to  make  any  such  distinction,  except  in 
special  or  unusual  cases.  Reasons  for  not  making  dis- 
tinction between  the  two  classes  of  service  are  becom- 
ing more  apparent  when  it  is  considered  that  the  mod- 
ern tendency  is  to  make  the  principal  charge  for  fire 
protection  an  annual  payment  of  a  fixed  sum  per  foot 
or  mile  of  distributing  pipe. 

Let  us  assume  that  for  a  particular  water  works 
system  the  cost  is  $1,000,000,  the  cost  of  the  distribut- 
ing system  is  45  per  cent,  or  $450,000,  the  gross  reve- 
nue is  $135,000,  and  the  operating  expenses  $45,000. 
Let  us  assume  a  fair  allowance  for  depreciation  will 
be  1  per  cent,  or  $10,000.  The  net  revenue  will  then 
be  $135,000—  ($45,000  +  $10,000)  =$80,000,  which  is 
8  per  cent  of  the  cost  of  the  works. 
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Now  let  us  assume  a  demand  is  made  for  a  pipe  ex- 
tension, on  which  there  can  be  counted  with  reason- 
able certainty  a  revenue  of  $135  per  annum.  A  re- 
liable estimate  shows  the  cost  of  the  extension  will 
be  $450.  The  revenue  attainable  will  be  from  aver- 
iige  consumers  as  well  as  the  regular  proportion  for 
fire  protection.  Under  these  circumstances  we  can 
calculate  the  rate  of  return  as  follows:  If  the  dis- 
tributing system  costs  45  per  cent  of  the  entire  cost 
of  the  system,  there  must  be  added  to  the  balance  of 
the  system,  either  before,  at  the  time  or  after  the  in- 
stallation of  this  extension,  $550  worth  of  non-reve- 
nue-producing  plant,  if  we  wish  to  maintain  the  en- 
tire works  in  its  standard  condition.  According  to 
logical  accounting  methods  the  revenue-producing 
part  of  the  plant  must  earn  sufficient  to  pay  the  re- 
quired rate  of  return  on  both  it  and  the  necessary 
non-revenue-producing  part  of  the  plant. 

In  other  words,  every  time  a  distributing  pipe  ex- 
tension is  laid  there  must  be  furnished  an  adequate 
portion  of  a  new  reservoir,  filter  plant,  pumping  en- 
gine, boiler  plant,  building,  force  main,  etc.;  and  there 
must  be  sufficient  return  to  pay  for  all  these  things; 
otherwise  when  required  there  is  no  financial  means 
of  obtaining  them. 

Every  factory  manager  who  has  given  the  subject 
of  scientific  cost  keeping  any  consideration  knows 
that  this  principle  is  fundamental:  The  producing 
part  of  the  organization  must  earn  sufficient  to  pay 
all  charges,  including  the  upkeep  of  the  non-producing 
part  of  the  organization.  All  this  is  usually  lumped 
under  the  title  of  "Overhead"  charges. 

We  thi-refore  have  cost  of  extension t    430. 00 

Cost   chargeable   to   balance   of   plant 550.00 

Total   cost    $1,000.00 

Operatine  expense,    Vj   per  cent 45.00 

Depreciation.    1    per   cent 10.00 

Return   !>  per  cent  on   cost 80.00 

Gross    revenue    required    to    maintain    8    per    cent    on 

return    %    135.00 

The  extension  itself  will  then  have  to  pay — 
135 

100  =  30  per  cent. 

450 
A  simple  formula  universallv  applicable  is — 
(0  +  R  +  D) 

X  = 100     (A) 

P 

TABLE   1. 

Per  cent  distributing  system  costs 
O  of  total  cost. 

Per    cent  V 

operating  ex-                                        25     30     35     40     45     50     55     60  65 

penses  is  of                                    Per    cent    of    return    re<iuired  on 
total  cost  of                                         cost  of  extension  alone  assum- 
nater  worl<s.                                          Ing  7  per  cent  return  and  1  per 
cent  depreciation. 

3.0 44  37  32  27  24  22  20  18  17 

3.5 46  3S  33  2!>  25  23  21   19  IS 

4.0 48  40  34  30  27  24  22  20  18 

4.5 50  42  36  31  28  25  23  21  1!" 

5.0 52  4.'i  37  32  20  28  24  22  20 

5.5 64  45  3!>  34  30  27  25  23  21 

fi.0 58  47  40  35  31  28  25  23  22 

6  6 68  48  41  36  32  29  26  24  22 

TO 60  60  43  37  33  30  27  25  23 

7.5 62  52  44  39  34  31  28  26  24 

TABIjE  II. 

Per  cent  distributing  system  costs 
of   total   cost. 
M  P 

IVr    rent                                             25     30     36     40     45     50     55     60  65 

opcrtillnB   ex-                                      Per    cent    of    return    reiulretl  on 
pennes  are  of                                       cost  of  extension  alone  assum- 
Bross  revenue.                                      Inir  7  per  cent  return  and  1  per 
cent   depreciation. 

26 43     36     31      27     24     21      19     18  16 

30 46     3S     33     29     25     23     21     19  18 

36   4»     41     36     31     27     26     22     21  19 

40.            53     44     3S     3.1     30     27     24     22  21 

45 5K  48  42  36  32  29  26  24  '.'2 

50 64  63  46  40  36  32  29  27  25 

5r,        71  69  61   41   40  36  32  30  27 

(0 80  «7  67  6ii  45  40  36  S3  31 

(S 9!  7«  66  57  M   46  41   3S  35 

70.      107  89  76  67  59  53  4S  44  41 

75                ...  128  107  92  SO  71  64  58  63  «9 


in  which 

't  —  r»-r  frnt  nrierat^nsr  erpenneii  ?s    if  total   mr 


Another  formula  of  somewhat  more  general  applica- 
tion is  as  follows: 

R  +  D 

X  =  $10,000  (B) 

PdOO  — M) 
in  which  all  the  terms  have  the  same  designation  as 
before,  and   M  =  per  cent  operating  expenses    is    of 
gross  revenue. 

Tables  I  and  II  are  calculated  from  formulas  A  and 
B,  assuming  the  rate  of  return  is  7  per  cent  and  the 
depreciation  I  per  cent  on  the  total  cost. 

It  i.«  evident  this  method  can  be  used  for  gas  and 
electric  light  and  power  plants,  and  in  fact  the  prin- 
ciple applies  to  operation  of  many  kinds.  Obviously 
for  the  term  "Cost"  the  appraised  "Valuation"  can 
readily  be  substituted. 

According  to  this  discussion  as  the  operating  ex- 
penses are  likely  to  be  between  35  and  55  per  cent 
of  the  gross  revenue,  and  the  cost  of  the  extensions 
is  likely  to  be  between  40  and  55  per  cent  of  the  en- 
tire cost  of  the  plant;  if  the  net  earnings  are  to  be 
maintained  above  7  per  cent  plus  depreciation  then 
it  is  not  warrantable  to  install  an  extension  unless 
said  extension  will  earn  from  22  to  44  per  cent  of  the 
cost  thereof. 


Cost  of  Pumping  at  Louisville,  Ky. 

The  operating  e.xpen.>;es  of  the  water  works  of  Louis- 
ville, Ky.,  for  1917  showed  an  increase  of  over  $48,000 
over  those  of  the  previous  year.  This  unusual  in- 
crease, states  the  last  annual  report  of  the  Board  of 
Works,  was  due  to  the  higher  cost  of  fuel  supplies, 
chemicals  and  labor  and  an  increase  of  20  per  cent 
more  water  pumped  than  in  the  year  previous.  The 
cost  of  fuel  increased  200  per  cent,  the  cost  of  chem- 
icals increased  32  per  cent,  the  cost  of  labor  increased 
50  per  cent. 

The  cost  of  pumping  at  the  River  Station  was  nearly 
100  per  cent  higher  in  1917  than  in  1916;  at  the  Cres- 
cent Hill  pumping  station  the  cost  was  about  20  per 
cent  greater.  The  first  mentioned  station  has  three 
pumps,  a  centrifugal  which  operated  21  days  and 
pumped  307,080,000  gal.,  a  Leavitt  which  operated  364 
days  and  pumped  4,839,869,000  gal.  and  an  Allis-Chal- 
mers,  which  operated  305  days  and  pumped  7,476,390,- 
000  gal. 

The  Crescent  Hill  station  has  three  Holly  pumps. 
The  total  pumpage  for  the  year  at  this  station  amount- 
ed to  10,537,662,000  gal. 

The  following  tables  show  the  operating  costs  of 
the  pumping  stations  for  the  years  1914,  1915,  1916 
and  1917: 

1917.  1916.  191'i  1914. 

Per  Per  IVr  Per 

mill,  pti-  >nlll.  sal.  mill  ital.  raltl.  («l. 

iJihor                                         iXist  tl.3»&  $1.66  tl.4< 

Fu-1                                              2  496  1.27>  M  1.16 

nil                                                  .1»»  .OJ  .04  .ftS 

Supph.  ~                                         ...  .08  .04  .07 

Repnlrfi       .                                      .74  .04»  .01  .11 

IncidentuU     IS  .M  .10  .IS 


IvilM.r    .. 

H-Viel     

Oil     

Supp'.los  . 
Uopnlm  . 
Incidenlalii 


1917. 

Per 

■  III.  ml. 

;  1.616 

.98 


1916. 

Per 

mill  ml. 

»1.70 

.67 

.01 

.06 

12 


IJ.71 

ST.XTION. 

1915 


ta.is 

1914. 

Per 

mill.  jcal. 

tl.6« 

.56 
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The  New  Sewage  Treatment  Plant 
of  Sedalia,  Mo. 

By  R.  E.  McDonnell. 

Sedalia  is  a  city  of  nearly  20,000  population  located 
in  the  west  centraT  portion  of  Missouri.  It  is  prin- 
cipally a  residential  city,  and  has  very  few 
manufacturing  enterprises;  however,  the  Missouri 
Pacific  and  Missouri,  Kansas  &  Texas  Railroads  have 
large  shops  located  there.  It  is  in  the  midst  of  a  rich 
agricultural  district  and  serves  as  a  market  outlet  for 
this  territory. 

About  8  years  ago  the  city  constructed  a  sewage 
treatment  plant  consisting  of  septic  tanks  and  single 
contact  beds,  with  a  capacity  of  about  100,000  gal.  per 
day  to  serve  the  southeast  portion  of  the  city.  This 
method  of  treatment  was  adopted  on  account  of  the 
low  head  available  for  a  gravity  plant,  and  has  proved 
very  economical  and  satisfactory  for  the  local  condi- 
tions. The  septic  tanks  were  provided  with  sludge 
drains  and  advantage  has  been  taken  of  times  of  high 
water  in  the  creek  to  flush  out  the  deposits  so  that 
the  tanks  have  never  required  cleaning. 

The  sewage  from  the  northwest  portion  of  the  city 
was  long  emptied  without  treatment  into  a  creek  on 
that  side  of  the  city.  In  1895  a  farmer  above  whose 
land  this  outlet  was  located  began  legal  action  against 
the  city  to  secure  damages  and  prevent  the  pollution 
cf  the  stream.  From  this  time  on  the  case  was  con- 
tinually in  the  courts  for  over  20  years.  The  case  was 
tried  four  times  in  lower  courts  and  each  time  was 
appealed  to  the  Supreme  Court,  by  which  it  was  re- 
manded three  timgs  for  new  trial,  in  the  lower  court; 
change  of  venue  Was  also  secured  twice.  One  count 
was  finally  decided  by  the  Supreme  Court,  but  the  sec- 
ond count  never  was  settled.  A  few  years  ago  the 
farmer  who  brought  the  suits  died,  and  the  estate 
made  a  proposition  to  the  city  to  donate  3  acres  of 
land  on  the  farm  to  be  used  as  a  site  for  a  modern 
up-to-date  sewage  treatment  plant,  and  agreed  to  dis- 
miss the  suit  in  the  courts.  The  result  of  this  propo- 
sal was  that  the  city  engaged  engineers  to  design  sucli 
a  plant.  It  is  probably  safe  to  say  that  during  the 
prolonged  litigation  in  the  courts  the  city  spent  one- 
third  or  more  of  what  a  treatment  plant  would  have 
cost. 

The  district  from  which  the  sewage  is  treated  in 
the  northwest  plant  comprises  practically  all  the  com- 
mercial and  industrial  portion  of  the  city,  and  a  con- 
siderable portion  of  the  residential  portion,  with  an 
area  of  approximately  240  acres,  most  of  which  is 
closely  bult  up. 

The  sewer  system  is  a  combined  system  receiving 
both  sanitary  and  storm  sewage.  The  dry  weather 
flow  was  intercepted  at  the  outlet  of  the  brick  sewer 
and  carried  on  down  the  creek  through  a  24-in.  pipe 
to  the  treatment  plant.  Weir  measurement  of  the  dry 
weather  flow  taken  continuously  for  three  days  indi- 
cated an  average  flow  of  about  850,000  gal.  per  day, 
but  a  yearly  average  was  estimated  to  be  around 
1,000,000  gal.  per  day.  The  plant  was  designed  for 
a  total  capacity  of  1,500,000  gal.  per  day  in  order  to 
provide  for  the  possible  increase  during  a  period  of 
10  to  15  years. 

Since  the  final  effluent  was  to  be  discharged  into  a 
small  stream  having  very  little  flow  during  dry 
periods,  the  type  of  plant  selected  was  such  as  to 
prevent  unsightly  deposits,  pollution  of  stream  by 
decomposing  matter,  and  injury  of  water  for  stock 
purposes.     The   plant  as   constructed  consists   of  an 


interceptor  and  grit  chamber,  Imhoff  tanks,  sludge 
beds,  dosing  tank,  and  sprinkling  filters. 

Since  the  sewer  system  is  a  combined  system  and 
the  treatment  plant  is  designed  for  the  sanitary  sew- 
age only,  a  combined  intercepting  and  grit  cham- 
ber is  provided  so  that  the  operation  of  the  plant  will 
not  be  interfered  with  by  a  great  inflow  of  storm 
water  during  rainy  periods  and  by  the  collection  of 
sand  and  gravel  in  the  Imhoff  tanks.  The  entrance 
chamber  contains  two  weirs  so  that  when  the  flow 
exceeds  the  rated  capacity  of  the  plant  the  surplus 
will  overflow  the  second  weir  and  pass  directly  to 
the  stream.  The  sewage  passing  the  first  weir  enters 
a  grit-chamber  20  ft.  long  and  8  ft.  6  in.  wide  with 
hopper-shaped  bottom,  so  that  the  velocity  is  re- 
duced to  approximately  1  ft.  per  second,  allowing  the 
heavier  street  washings  to  settle.  These  deposits  can 
be  periodically  removed,  or  flushed  out  into  the  by- 
pass. A  bar  screen  with  ii)-in.  openings  is  provided 
in  the  outlet  from  the  grit  chamber  to  intercept  the 
largest  floating  and  suspended  matter. 

The  Imhoff  tanks  are  rectangular  in  form  and  di- 
vided into  two  separate  tanks  so  that  either  one  can 
be  put  out  of  use  at  will.  Each  tank  is  73  ft.  long, 
25  ft.  wide  and  21  ft.  6  in.  deep  from  surface  of  sew- 
age to  bottom  of  sludge  chamber.     The  capacity  of 
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General   View   of   Sedalia,    Mo.,    Sewage   Treatment    Plant. 

the  flowing-through  chambers  is  designed  for  a  2- 
hour  retention  period  on  the  basis  of  the  average 
flow.  Each  tank  has  a  bottom  consisting  of  five  hop- 
pers each  14  ft.  square  at  the  top,  2  ft.  at  the  bottom 
and  3  ft.  6  in.  deep.  The  sludge  chambers  have  a 
combined  capacity  of  15,220  cu.  ft.  figuring  up  to  1 
ft.  below  the  slot.  The  gas  vent  is  formed  by  a  contin- 
uation of  the  hopper  walls  and  is  2  ft.  wide,  and  3 
ft.  above  the  sewage  level  extending  the  entire  length 
of  the  tank.  Equalizing  parts  are  provided  across  the 
gas  vents  at  each  end  to  prevent  any  tendency  of  fresh 
sewage  stirring  up  digested  sludge  due  to  unequal 
flow  and  head  on  weirs. 

The  sewage  enters  the  inlet  channel  at  one  end,  and 
flows  over  eight  weirs  30  in.  wide  into  the  tanks,  and 
passes  out  over  eight  similar  weirs  of  removable  iron 
plates  into  the  outlet  channel.  The  inflow  will  be 
about  6  in.  deep  allowing  floating  material  to  pass, 
and  when  reversal  of  flow  is  desired  the  iron  plates 
can  be  transferred  from  the  outlet  weirs  to  the  oppo- 
site end  and  the  sewage  will  then  flow  through  chan- 
nels around  the  outside  of  the  tanks.  Scum  walls  ex- 
tending 18  in.  below  the  sewage  surface  are  provided 
at  each  end  of  the  tanks  to  retain  floating  matter. 

Each  sludge  chamber  is  provided  with  an  8-in.  cast 
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iron  sludge  draw-off  pipe,  throujrh  which  sludge  is 
withdrawn  under  a  hydrostatic  head  of  4  ft.  G  in.  be- 
low the  sewage  level.  The  base  of  this  sludge  pipe  is 
enlarged  by  a  16\:18-in,  reducer  and  the  top  is  carried 
up  vertically  to  the  top  of  the  gas  vent.  (Jate  valves 
are  provided  on  each  sludge  pipe  just  outside  the 
Imhoff  tanks,  and  the  remainder  of  the  lines  is  vitri- 
fied pipe. 

The  sludge  flows  to  two  sludge  drying  beds  each 
73  ft.  long  and  20  ft.  wide,  the  inlet  pipes  being  18 
in.  above  the  surface  of  the  beds.  These  beds  are  lo- 
cated parallel  to  the  InihotT  tanks,  one  on  each  side 
end  5  and  10  ft.  away,  respectively,  and  are  enclosed 
in  vertical  concrete  walls  varying  in  height  from  2 
ft.  6  in.  to  8  ft.  6  in.  above  the  footings  to  conform  to 
the  final  fill  around  the  plant.  The  filtering  material 
consists  of  6  in.  of  sand  over  a  layer  of  gravel  vary- 
ing in  thickness  up  to  6  in.  over  the  top  of  the  under- 
drains  which  consist  of  three  lines  of  6  in.  drain  tile 
laid  6  ft.  apart  and  draining  into  the  main  by-pass 
i-round  the  plant.  The  bottom  of  the  beds  was  graded 
so  as  to  slope  6  in.  toward  the  drains.  The  capacity 
of  the  beds  was  proportioned  on  the  basis  of  a  four 
months'  storage  in  the  tank  figuring  .0035  cu.  ft.  sludge 
per  capita  per  day  for  10,000  population,  and  a  depth 
of  18  in.  on  the  sludge  beds. 

The  effluent  from  the  Imhoff  tanks  flows  through  an 
18-in.  pipe  to  a  covered  tapered  dosing  tank  15  ft. 
square  on  top  and  9  ft.  x  3  ft.  at  the  bottom  and  6  ft. 
10  in.  deep  inside.  An  18-in.  siphon  with  a  drawing 
depth  of  4  ft.  6  in.  is  set  in  the  floor  of  this  tank  and 
automatically  discharges  the  contents  of  the  tank  to 
the  amount  of  7,000  gal.  about  every  10  minutes 
through  a  24-in.  sewer  encased  in  concrete  to  the 
sprinkling  filters. 

The  sprinkling  filters  have  an  area  of  about  0.6  acre 
and  are  184  ft.  long  and  146  ft.  wide,  the  width  being 
controlled  by  the  topography  of  the  ground.  The  fil- 
ters are  designed  to  operate  at  the  rate  of  2,500,000 
gal.  per  day,  with  an  average  depth  of  rock  of  5^2 
ft.  and  var\-ing  in  size  from  1  to  2'  2  in.  The  limestone 
rock  for  the  filters  and  also  for  concrete  aggregate 
was  obtained  from  a  quarry  in  the  hillside  about  200 
ft.  away. 

The  floor  of  the  filters  is  of  plain  concrete,  4  in. 
thick,  over  which  6-in.  split  drain  tile  underdrains  are 
laid  7^2  in.  center  to  center  and  on  a  slope  of  1:50  to- 
v'ard  the  two  main  drains.  The  walls  of  the  filters 
are  6  in.  thick  at  the  top,  8  in.  at  the  bottom  and  6  ft. 
6  in.  high,  not  designed  to  be  self-supporting,  but  only 
to  separate  the  earth  and  stone,  hence  requiring  equal 
fill  outside  and  inside  during  con.struction. 

The  main  distributor  is  of  24-in.  vitrified  pipe,  and 
the  laterals  of  8-in.  vitrified  pipe,  both  encased  in  coI^ 
Crete.  Each  lateral  is  controlled  by  an  8-in.  gate 
valve  near  the  main.  Three-inch  galvanized  pipe  i^ 
used  for  the  risers  and  distribution  is  effected  through 
252  Taylor  square  spray  sewage  nozzles  spaced  10  ft. 
centers.  The  main  drains  are  of  15-in.  split  sewer 
pipe.  The  bed  is  ventilated  by  means  of  8-in.  sewer 
pipe  ri.sers  surmounted  by  one-quarter  bends,  there 
being  110  vents  in  all,  partly  over  the  box  vent  changer 
at  the  upper  ends  of  the  lateral  drains  and  partly  over 
the  main  drain. 

Provision  is  made  for  by-passing  the  entire  plant 
or  the  filters  only.  Final  discharge  of  the  effluent 
from  the  plant  is  into  the  creek  only  a  few  feet  from 
the  filters.  The  total  head  from  the  invert  of  the 
sewer  entering  the  intercepting  chamber  to  the  lower 
end  of  the  main  drain  from  the  filters  i."!  14  ft.  8  in. 

The  contract  for  the  construction  of  the  plant  was 


let  in  November,  1916,  to  J.  \V.  Menefee  of  Sedalia  for 
$50,000,  and  the  plant  was  completed  in  the  fall  of 
1917.  The  plans  were  prepared  by  Burns  &  McDon- 
nell, Consulting  Engineers,  Kansas  City,  Mo.,  who  also 
drew  the  plans  for  the  southeast  plant,  and  the  con- 
.struction work  was  supervised  by  F.  T.  Learning,  City 
Engineer  of  Sedalia.  The  average  cost  of  the  various 
parts  of  the  plant  per  1,000,000  gal.  capacity  was  as 
follows : 
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Manufactiirinji  Company  Furnishes  Em- 
ployees With  Land  For  Gardens 

A  large  manufacturing  company  having  two  plants 
at  Middleton,  O.,  set  aside  last  year  some  200  acres 
for  gardens  for  its  employes.  The  land  was  divided 
into  lots  50x150  ft.,  making  640  garden  plots  in  all. 
All  of  the  640  gardens  were  actually  cultivated  and 
it  is  estimated  that  vegetables  valued  at  $30,000,  or 
$50  worth  per  garden,  were  raised.  The  company  em- 
ployed an  agricultural  college  graduate  to  advise  the 
men. 


New  Water  Rates  of  St.  Louis,  Mo. — A  new  water 

rate  schedule  that  will  greatly  simplify  bookkeeping 
for  the  Water  Department  of  St.  Louis,  Mo.,  has  just 
been  placed  in  effect.  Under  this  schedule  the  100 
or  so  divisions  in  the  sliding  scale  of  meter  rates  for 
general  consumers  has  been  reduced  to  12.  The  new 
rates  follow: 

Meter    Rates    For    General    Consumers    at    St.    L<ouli). 
I'se  per  six  months,   eu.   ft. 

PerlM 
cu.  ft. 

For  the  fir.st  3.000  or  less 15 

For  the  next  3.000  or  fraction  thereof 14 

For  the  ne.\t  -1.000  IS 

For  the  next  5.000   II 

For  the  ne\l  10.000   U 

For  the  next  15,000   10 

For  the  next       100.000  9 

For  the  next        260.000   8 

Fnr  the  next    3.600.000  7 

For  the  next    4.000.000   C 

For  the  next  1 0,000.000  SH 

For  all  over    IS.000,000   5 

Special    Meter    Kates    For    Manufacturers    and    Public    or   Qua«l- 
Publlc  Purposes. 

For  the  first  5.000  S 

For  the  next         10.000  or  fraction  thereof 5 

For  all  over  15.000  4H 


Cost  of  Water  Main  Extensions  at  Louisville,  Ky. — 

During  1917  the  Board  of  Water  Works  of  Louisville, 
Ky.,  constructed  19,417  lin.  ft.  of  water  main  exten- 
sions, the  cost  being  as  follows: 


Total  material 
Labor,  ami  labor, 
per  ft.  per  ft. 

$0.15  }0  41 


.19 


I.enirth.  Material 

feet.  p<>r  ft. 

2-in ITS  »0.29 

4-ln 166  .55 

G-in 4.003  ".8 

8-ln 2.165  .73 

24-ln S84  7.70 

12-ln.    (cast    Ininl    ...     15.626  2.31 

12-ln.    iwooden) .'..399  1.30                       IT                   1.47 

Cast  iron  pipe  cost  $53  per  ton  f.o.b.  Louisville,  and 
Red  fir  wood  pipe  cost  $1.04  per  foot  f.o.b.  Pittsbourg, 
Cal. 


M 
8.64 
2.T0 


Distribution  of  Water  Consumption  of  Oak  Park. — 

The  daily  per  capita  consumption  in  1917  of  Oak  Park, 
111.,  a  100  per  cent  metered  city,  was  67.6  gal.,  dis- 
tributed as  follows: 

Per  capita 
ical. 

Industri  il     ••"4 

Commercial     J-JS 
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Method  for  Pressure  Grouting  of 

Contraction  Joints  of  Arch 

Dams 

A  method  for  pressure  grouting  of  contraction 
joints  in  arch  dams  was  outlined  by  Mr.  L.  R.  Jor- 
gensen  in  a  paper*  presented  June  5  before  the 
American  Society  of  Civil  Engineers.  An  abstract  of 
the  paper  follows: 

By  a  simple  system  of  iron  pipes  (shown  in  Figs.  1 
to  4),  distributed  on  the  face  of  the  contraction 
joints,  and  provided  with  slots  at  certain  intervals, 
it  is  possible  to  deliver  cement  grout  under  pressure 
into  the  space  (from  V4  to  %  in.  wide)  between  ad- 
jacent walls  of  the  contraction  joints,  and  put  initial 
axial  compression  into  the  whole  structure,  thereby 
making  it  act  like  a  solid  arch. 

At  the  same  time,  this  grouting  will  greatly  im- 
prove the  water-tightness  of  the  dam. 

It  is  well  known  that  contraction  joints,  even  of 
the  most  efficient  design,  cannot  be  expected  to  be 
entirely  water-tight.  The  leakage  through  such  joints 
on  large  structures  may  easily  amount  to  from  10,000 
to  20,000  gal.  daily,  and  has  amounted  to  as  much  as 
450,000  gal.  daily.  This  can  be  eliminated  by  grout- 
ing the  joints  under  pressure ;  still,  the  main  pur- 
pose of  this  grouting  is  to  compel  the  arch  dam  to  act 
as  an  arch  from  the  very  moment  the  water  begins 
to  fill  the  reservoir. 

Forcing  the  grout  into  the  contraction  joints,  and 
keeping  it  there  under  pressure  until  it  has  set, 
presses  the  crown  of  the  arch  in  an  up-stream  direc- 
tion, and  puts  shear  on  the  foundation  in  the  oppo- 
site direction  to  that  due  to  the  water  load.  It  seems 
logical,  therefore,  to  use  such  a  grout  pressure  as 
will  force  the  crown  up  stream  half  the  total  amount 
of  the  deflection  resulting  from  a  full  reservoir.  In 
this  way  the  maximum  shearing  stresses  are  reduced 
by  one-half  (reservoir  full),  the  maximum  can- 
tilever stresses  are  reduced  by  one-half,  and,  when 
fully  loaded,  the  arch  compression  should  then  be  as 
nearly  as  possible  in  accordance  with  the  values  ob- 
tained from  the  simple  formula: 
Unit  compression= 

Unit  water  pressure  X  up-stream  radius 

Thickness  of  section 

A  check  on  the  necessary  grout  pressure  can  be  ob- 
tained by  sighting  across  the  crown  of  the  arch  with 
a  transit,  after  first  establishing  the  necessary  bench- 
marks. 

Great  refinement  in  choice  of  final  grout  pressure, 
however,  cannot  be  counted  on,  and  is  not  essential. 
Considering  the  great  influence  of  the  temperature  on 
the  total  deflection  of  the  arch  structure,  it  is  neces- 
sary to  use  some  judgment  as  to  what  the  grout  pres- 
sure should  be  in  each  case. 

As  a  general  rule,  it  can  be  stated  that  the  grout- 
ing ought  to  be  accomplished  at  a  time  when  the 
structure  is  cold,  and  when  the  joints,  therefore,  have 
opened  to  their  maximum  extent,  permitting  easy  ac- 
cess for  the  flow  to  all  parts  of  thin  grout  (1  cement 
to  7  water  to  stai't  with  and  thicker  to  finish).  A 
large  dam  will  generally  have  the  least  volume  dur- 
ing March,  and,  therefore,  the  contraction  joints  will 
have  opened  up  a  maximum  during  this  time,  if  the 
reservoir  is  empty. 

When  applying  the  grout  pressure  at  such  a  time, 
it  should  be  kept  in  mind  that  the  dam  body  is  larger 
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at  any  other  time,  due  to  an  increase  in  temperature, 
and  that,  with  the  cracks  closed,  the  compression 
per  square  inch  of  contact  surface  will  be  increased 
as  the  temperature  of  the  dam  body  increases. 

Thus  far  only  arch  dams  have  been  mentioned,  but 
it  would  not  require  much  explanation  to  show  the 
advantage  of  tight  grouted  contraction  joints  on 
straight  gravity  dams  also. 

Grouting  the  contraction  joints  under  pressure  on 
straight  dams  throws  longitudinal  compression  on  the 
structure,  and  enables  it  to  act  as  a  beam  at  both 
ends,  at  least  until  the  initial  compression  has  been 
overcome  by  the  beam  tension.  A  trial  calculation 
will  prove  that  the  factor  of  safety  has  been  greatly 
improved,  especially  at  the  lower  levels,  unless  the 
dam  is  very  long. 

The  grouting  of  the  joints  naturally  improves  the 
v.'ater-tightness  of  the  dam,  and  for  this  benefit 
alone,  it  is  worth  its  cost.  Judging  from  the  results 
of  analysis  of  leakage  water  through  concrete  dams, 


Fig.    1. — Arrange 


uting. 
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there  are  good  reasons  for  assuming  that  a  tight  dam 
is  going  to  remain  safe  for  a  longer  time  than  a  leaky 
one,  although  the  writer  is  not  attempting  to  pre- 
dict the  probable  natural  life  of  any  dam. 

A  straight  dam  which  has  its  contraction  joints 
grouted  under  pressure  during  the  cold  season,  will 
automatically  have  this  pressure  increased  during  the 
warm  season,  at  the  rate  of  about  11  lb.  per  square 
inch  for  each  degree  of  rise  of  temperature  of  the 
concrete  of  1°  F.,  as  this  material  tries  to  expand 
and  cannot.  This,  of  course,  should  be  allowed  for, 
when  selecting  the  grouting  pressure  for  a  straight 
dam.  There  could  be  no  objection,  however,  to  hav- 
ing a  longitudinal  compression  of,  say,  from  200  to 
300  lb.  per  square  inch,  or  even  more,  on  the  concrete 
during  the  waiTn  season. 

A  typical  grout  piping  arrangement  for  a  rather 
large  dam  section  is  shown  by  Figs  2  and  3. 

On  the  plan  of  the  contraction  joint  on  Fig.  1  there 
are  two  vertical  feed  pipes  which  are  desirable  on  a 
joint  of  the   kind   shown.     Each   vertical   pipe  feeds 
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a  system  of  horizontiil  pipes  arranged  at  different 
levels.  These  horizontal  pipes  are  provided  with  slots 
wherever  they  cross  the  open  space  of  a  joint  (Fig. 
1).  When  the  pipes  are  put  in  place,  these  slots  are 
covered  with  paper  and  cheesecloth  to  prevent  the 
concrete  from  enterinj?  the  pipes  from  the  outside 
and  blocking  them.  Later,  when  the  contraction  joints 
open,  this  covering  will  either  adhere  to  the  concrete, 
or  the  grout  pressure  will  burst  it  open. 

The  pipes  cannot  be  recovered,  but  will  remain 
forever  buried  in  the  dam.  They  are  necessary,  how- 
ever, in  order  to  keep  the  grout  in  a  liquid  condition 
from  the  time  it  leaves  the  pump  until  it  passes 
through  a  slot  very  close  to  the  desired  point  of  de- 
posit. The  iron  walls  of  the  pipes  do  not  absorb  any 
of  the  water  in  the  grout;  the  absorption,  however, 
commences  as  soon  as  the  grout  leaves  the  exit  slot 
in  the  pipe  and  comes  in  contact  with  the  concrete 
walls  of  the  joint.  Therefore,  this  outside  grout  sets 
first  and  shrinks,  to  a  large  extent.  The  grout  in  the 
pipe  system,  being  fluid  for  a  long  time,  is  able  to 
follow  up  the  shrinkage  and  fill  out  the  cavities  and 
keep  the  joint  under  pressure  until  the  filler  has 
solidified,  in  from  '  ^  to  1  hour  or  more. 

To  avoid  air  pockets  as  much  as  possible,  and  other- 
wise to  insure  uniform  work,  the  grouting  should 
proceed  from  the  bottom  up;  therefore  a  second,  and 
movable,  pipe  is  inserted  in  the  stationary  vertical 
pipe  at  the  time  grouting  is  to  be  done,  as  indicated 
in  Fig.  1. 

When  starting  to  grout,  one  end  of  this  movable 
pipe  is  to  be  at  the  bottom  of  the  vertical  pipe,  the 
upper  end  being  connected  to  the  grout  pump  by  a 
flexible  connection.  Grout  is  forced  through  the 
movable  pipe  and  flows  through  the  lower  Tee.  the 


exploration    purposes.     These    are   closed    when   the 
grout  starts  to  flow  out  of  them.    The  up-stream  end 
of  the  contraction  joints  are  generally  provided  with 
copper  plates  or  other  kinds  of  effective  stops. 
When  the  grout   has   reached   the  second  8tor>'   of 
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Fig.    2.  Flp.    3.  Fig.   4. 

horizontal  pipes,  or  nearly  to  it,  the  movable  pipe  is 
lai^ed  so  that  the  lower  end  is  just  above  the  Tee 
connection  leading  to  those  pipes.  Grout  is  then 
forced  into  them,  and,  proceeding  in  the  same  man- 
ner as  previously  described,  the  crest  is  eventually 


CARROL  ARCH  DAM. 


Fig.    5. — Arrangement   of    Grout    Piping    for   Contraction    Joir.li    o(     Medium    Size    Dam. 

reached.  Then,  finally,  the  pressure  is  kept  on  until 
the  filler  has  thoroughly  set.  It  is  the  grout  pressure 
used  on  the  last,  or  preferably  on  the  last  two  joints, 
spaced  one-third  of  the  arch  length  apart,  that  deter- 
mines the  initial  arch  compression,  and  therefore  on 
these  the  greatest  care  should  be  exercised. 


lower  horizontal  pipes,  and  the  slots  in  them,  out 
into  the  space  between  the  walls  of  the  contraction 
joints,  and  rises  vertically. 

Before  grouting  commences  the  down-stream  end 
of  the  contraction  joints  should  be  caulked  (with 
lead  wool)    except  for  small   stretches   left  open   for 


(13) 


38 


ENGINEERING    AND    CONTRACTING 


Vol.  50,  No.  2. 


If  a  dam  is  so  large  and  high  that  it  takes  two  or  Water  Standards    of    Pufity  and 

three  seasons  to  build  it,  it  is  advisable  to  grout  the  .              r    *   j              •    •          ir    i 
lower  third  of  the  height  at  the  end  of  the  cold  sea-  JNeCCSSlty  OI  Advertising  Value 
son,  before  the  construction  of  the  dam  is  continued;  £  Plirf»  W^ntf^r* 
otherwise,    the    lateral    expansion    (Poisson's    ratio),  ^^   ruie    VVdlCl 
due  to  the  weight  of  material  on  top,  will  tend  to  close  Present  Lack  of  Standards. — A  resume  of  legisla- 
the  contraction  joints.     These  spaces  will  always  be  tion  and  the  regulations  of  supervising  health  bodies 
narrower  close  to  the  foundation  than  higher  up,  due  indicates    that    the    only    definite    technical    standard 
to  shearing  stresses,  developed  by  shrinkage  in  the  that  has  been  promulgated  officially  is  that  of  the  Sec- 
concrete  close  to  the  rock  bottom,  tending  to  prevent  retary  of  Treasury,  under  date  of  Oct.  21,  1914,  be- 
complete  contraction.  ing  bacteriological    standard   of  purity   for   drinking 

When   grouted  during  cold  weather,   an   arch   dam  water  supplied  to  the  public  by  common  carriers  in 

will   always   be   under   the   influence    of   compressive  interstate  commerce. 

stresses,   and   any  knee  in  the   deflection   curve,   due  From  information  available,  it  would  appear     that 

to   inequalities   in  temperature   during  the   construe-  none  of  the  State  Health  Departments  has  officially 

tion  period,  will  be  flattened  out.     All  told,  the  arch  promulgated    standards    of    purity,     either    bacterio- 

dam  will  act  more  nearly  as  intended,  carry  the  load  logically   or  chemically.     In   many  states,   legislation 

as    calculated,    and    be   more    water-tight   than    with-  exists  prohibiting  pollution  of  public  water  supplies 

out  the  grouting  of  the  contraction  joints.    A  straight  or  the  sources  from  which  they  are  obtained.     A  few 

dam  will  have  its  factor  of  safety  increased,  due  to  of  the  state  health  departments  recognize  the  stand- 

the  positive   beam   action,   and   also   be   more   water-  ards   of  the  Treasury   Department   and   aim  to   have 

tight.  all   water  supplies   conform  to   these    limits.      Other 

Figs.   3   and   4   illustrate   a   simple   arrangment   of  state  departments  of  health  have  unoflticial  standards 

grout   piping   for   the   contraction   joints   of   a   small  which  are  used  as  a  means  of  guidance  in  interpre- 

dam.                     ■  tation   of  water  analyses,   most  of  these   being   bac- 

Fig.  5  shows  what  is  regarded  as  the  best  arrange-  teriological  standards  only, 

ment  of  grout  piping  for  the  contraction  joints  of  a  Reports  received  from  31  state  health  departments 

dam  of  medium  size    (the   Carroll  Arch   Dam).    The  indicate     that  13  states  have  laws  protecting  water 

location   of  these  joints   is   indicated    (not  in    detail,  supplies,  but  have  not  adopted  any  minimum  chemical 

however)   on  this  figure,  which  also  shows  the  com-  or  bacteriological   standards.     Two  states   have  laws 

plete  arch,  together  with  the  tangent  spillways.    The  protecting     water     supplies     and     have     unofficially 

enlarged   section   at   elevation  250   shows  the   details  adopted    United     States     Treasury    standards.      Nine 

of  a  typical  contraction  joint.     Only  one  vertical  pipe  states  have  laws  protecting  water  supplies  and  have 

is  provided,  and  from  this  several  stories  of  horizon-  adopted    tentative    unofficial    standards,    while    eight 

tal  pipes  reach  all  parts  of  the  face  of  the  jail.  states  have  neither  laws  nor  standards. 

The  longitudinal   faces   of  the   individual   recesses,  A   resume   of  reports   received   from   over  30   state 

making   up  the    contraction   joint,   are    to    be    made  health  departments  shows  the  varied  interpretations 

slightly  tapering,  so  as  to  make  sliding  more  certain,  placed   on   bacteriological   analyses,   and  the   relative 

It  should  be  kept  in  mind,  however,  that  parallel  fans  importance  given  to  sanitary  survey  of  watersheds  in 

will  produce  the  greatest  water  tightness,  and,  there-  conjunction  with  analyses. 

fore,  the  tapering  should  be  very  slight,  only  enough  The  U.  S.  Treasury  Dept.  Standards  of  Puritv.— If 

to  take  care  of  construction  irregularities.  the  standards  of  the  United  States  Treasury  Depart- 

ment  must  apply  to  all  water  supplies  used  in  inter- 

Portable     Steam    Outfit    for    Thawing  state  traffic,  and,  if  as  experience  has  clearly  shown, 

TT    J          |.  supplies  used  by  railroads  can  conform  to  Treasury 

riyarancs  standards,  the  interesting  contention  is  presented  that 

A  steamer  made  from  a  40-gal.  tank  mounted  on  a  all  public  water  supplies  should  conform  at  least  to 

portable   wood-burning   furnace   was    used   very   sue-  this  standard. 

cessfully  during  the   past  winter  by    the    Interstate  If  all  supplies  do  not  measure  up  to  this  standard, 

Water  Co.,  Danville,  111.,  for  thawing  frozen  hydrants,  the  regulation  works  an  injustice  on  a  few  supplies, 

The  tank  had  a  safety  valve  set  at  low  pressure  and  and   does   not  accomplish   a  general   improvement  in 

carried  enough  i^-in.  hose  to  reach  from  the  boiler  to  the  water  supplies  of  the  country,  as  might  otherwise 

the  bottom  of  the  hydrant.     It  took  from  5  to  25  min-  be  the  case. 

utes  to  thaw  the  worst  cases.  Although  the  United  States  Treasury  standards  are 
: —  high  as  compared  with  many  water  supplies  in  this 

Cost  of  Water  Mains  in  1917  at  Milton,  Mass.— Dur-  country,  and  although  a   large  number  of  waters  of 

ing  1917  the  Water  Department  of  Milton,  Mass.,  laid  our  bigger  and  better  known  cities  will  not  at  all  times 

890  lin.  ft.  of  8-in.  and  3,588  lin.  ft.  of  6-in.  water  conform  to  the  Treasury  standards,  they  are  not  high 

main,  the   unit  costs   of  the   10  jobs    ranging    from  ^s  compared  with  the  standards  existing  in  European 

$1.49  to  $2.81  per  foot.     The  average  cost  for  the  8-  countries  and  Great  Britain. 

in.  main  was  as  follows:  It  is  appreciated  that  in  suggesting  the  feasibility 

Total.        Per  ft.  of  adopting  tentative  minimum  bacteriological  stand- 

I-.abor     $718                 $0.S3  j       A.            ■       ■       y      x.  ■      ^-         ^              i                    ,            -,■, 

Teaming  70                .08  ards,  the  principal  objection  to  such  procedure  is  the 

other  material  ■.■.■.■.■.:.■ ;;:.":.'.'.' 375              ■^"l  inability  properly  to  consider  the  sanitary  surround- 

— —  ings  of  the  source  of  the  water. 

Total  (870  ft.)  ?i.36  The  abundant  good  that  has  been  accomplished  on 

The  average  cost  for  the  6-in.  main  was  as  follows:  a  relatively  few  supplies,  following  the  establishment 

^   .                                                                      'f°'„'i'-        ^^/t*-  of  Treasury  standards,  however,  would  indicate  that 

Labor    $2,991                 $0.83  -ji,!                  i                    i             ly               ,-                  ,,, 

Teaming  • is7                .05  a  Considerably  greater  number  of  supplies  could  be 

Pipe    2,39n  .67       

Other  material    1,177                   .33  'From   a  paper   by   Williani   .7.    Orchard,    presented    before    the 

Total    (3.5S8   ft.)    ^11^  Wo1-ks'AssoclltPon^'""'°^''="'    ^''^"°"    "'    '^^    ^"'^■""^"    "^^''^ 
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improved,  should  minimum  standards  be  promulgated 
for  all  of  them. 

Each  Expert  Has  His  Own  Standard. — Whether  or 
not  we  are  governed  by  arbitrary  or  tentative  stand- 
ard.s,  more  or  le.-^s  tiefinituly  fixed,  those  who  in  the 
cour.se  of  their  work  are  called  upon  to  interpret  large 
iiumber  of  bacteriological  analy.ses,  unquestionably 
are  governed  by  .standards  that  they  have  set,  upon 
which  the  interpretation  i.s  based,  and  this  interpreta- 
tion is  made,  first,  without  reference  to  a  sanitary 
sur\ey;  and,  second,  in  conjunction  with  a  sanitary 
i-urvey  to  determine,  if  possible,  the  sources  of  any 
apparent  pollution.  But  these  personally  established 
water  standards  vary  with  the  individual's  interpreta- 
tion of  the  analyses. 

A  water  showing  coli  in  0.1  c.  c.  regularly  will  un- 
questionably be  condemned,  as  will  also,  without 
doubt,  a  supply  usually  showing  coli  in  1  c.  c. 

A  water  showing  coli  frequently  in  5  c.,c.,  and  oc- 
casional.v  in  1  c.  c,  will  very  likely  be  rejected  by  most 
sanitarians,  although  the  frequency  with  which  such 
supplies  are  furnished  to  consumers,  without  rigor- 
ous steps  being  taken  to  improve  the  quality,  is  sur- 
prising. 

When  we  reach  a  water,  however,  with  coli  present 
frequently  in  10  c.  c.  quantities,  and  occasionally  in 
smaller  amounts,  the  interpretation  of  the  analysis 
lies  very  largely  with  the  individual,  and  the  supply 
ma.v  be  rejected  or  passed  in  accordance  with  the  in- 
dividual's standards. 

Uselessness  of  Non-Scientific  Standards  of  Purity. 
— The  water  standard  set  by  the  consumer  is  for  the 
most  part  one  of  appearance.  If  a  water  is  not  tur- 
bid or  colored,  he  is  usually  satisfied.  Unless  his  im- 
mediate family  has  been  vitally  touched  by  the  effects 
of  an  impure  water  supply,  he  is  not  solicitous  about 
the  quality  of  the  supply.  This  matter  was  discussed 
at  length  by  .Johnson  in  his  paper,  "The  Typhoid  Toll," 
presented  before  this  association,  and  was  amplified 
in  the  printed  discussion  of  that  paper. 

The  complacent  and  erroneous  impressions  that 
many  water  consumers  have  in  reference  to  their  sup- 
plies must  be  eliminated  by  careful,  painstaking  pub- 
licity and  education.  In  discussing  water  supplies  of 
various  communities  with  non-technical  men  and 
water  consumers,  one  is  frequently  advised  that  the 
water  supply  is  the  purest  in  the  country;  that  it  is 
99.9  per  cent  pure;  or,  that  it  is  well  water  that  never 
sees  the  light  of  day  and  is  absolutely  safe.  The 
individual  cannot  be  blamed  for  resting  secure  in 
these  assertions,  for  he  does  not  know  better. 

Most  of  those  present  at  this  meeting,  in  going  into 
a  strange  city  or  town,  do  not  drink  the  water  fur- 
nished until  the  nature  of  the  supply  has  been  ascer- 
tained. Many  of  us  abstain  from  drinking  water 
when  on  road  trips,  even  in  territories  where  other 
liquid  refreshments  are  not  easily  obtained,  simpl.v 
because  we  appreciate  the  pollution  that  a  water  m.ay 
carry  and  the  danger  that  may  lurk  in  a  tumblerful. 
The  average  consumer,  however,  seldom  gives  this 
matter  a  thought,  because  his  training  has  not  taught 
him  to  do  so. 

Typhoid  Kills  .More  rcoplc  Than  Ihc  Kailways.— A 
more  complete  and  masterful  presentation  of  the  value 
of  pure  water  than  that  contained  in  .Johnson's  paper. 
"The  Typhoid  Toll,"  was  probably  never  presented  be- 
fore any  association.  In  it,  the  author  says  that  more 
people  are  killed  every  year  by  typhoid  fever  than  by 
railroads.  The  water  consumer  will  stop  and  look 
before  he  crosses  a  railroad  track,  we  must  make  him 
stop  and  think  before  he  drinks  a  glass  of  water. 

(1 


The  Neci'swity  of  Publicity  in  Marketing  Pure 
Water. —  Mr.  Johnson  has  shown  that  a  pure  water 
supply  is  a  good  dollars  and  cents  business  proposi- 
tion; why  not  treat  as  such?  Why  not  pattern  our 
londuct  as  a  water  works  association  after  that  of  a 
.successful  business  organization?  Are  we  not  all 
of  us,  water  works  superintendents,  engineers,  chem- 
ists, bacteriologists,  manufacturers,  or  what  not, 
offering  our  services  and  our  product,  water,  to  our 
final  customer,  the  consumer?  Being  honorable  men, 
we  want  to  give  him  the  best  that  he  will  pay  for,  -"nd 
he  will  only  pay  for  the  best  when  he  is  educated  to 
its  need.  With  the  consumer  educated  and  demand- 
ing the  best  in  water  supplies,  there  will  be  no  fur- 
ther danger  from  the  non-technical,  disinterested,  or 
slovenly  water  works  vendor,  for  he  will  not  be  per- 
mited  to  do  business. 

Looking  at  this  matter,  then,  as  a  business  pro|)o- 
sition,  seeking  to  find  a  market  for  a  water  supply  of 
higher  standards  than  most  of  those  at  present  fur- 
nished, should  it  not  be  approached  in  the  same  man- 
ner as  any  successful  business  campaign?  Given  a 
good  product  for  which  there  is  a  market,  the  suc- 
cess of  any  business  depends  on  bringing  the  product 
to  the  attention  of  those  using  it,  and  that  can  only 
be  done  by  advertising  and  publicity.  Why  not  have 
this  association  act  as  an  advertising  or  publicity 
medium  to  obtain  higher  standards  on  the  part  of 
the  technical  and  non-technical  water  works  man  and 
also  the  consumer?  Begin  with  the  consumer;  adver- 
tise to  him  the  value  of  better  water  so  that  he  will 
demand  the  best,  and  be  willing  to  pay  for  it.  Then 
he  will  get  it. 

Are  we  not  lacking  in  the  fulfillment  of  the  highest 
objective  of  this  association  unless  we  endeavor  by 
every  means  at  our  disposal  to  educate  the  general 
public  as  to  the  value  of  pure  water?  Are  we  not 
stultifying  the  influence  of  Johnson's  paper  if  we  con- 
fine it,  for  the  most  part,  to  the  technical  water  works 
man?  Should  we  not  see  to  it  that  its  contents  are 
advertised  broadcast  as  a  good  business  proposition? 

Let  us  suppose  that  graphic  illustrations  of  the 
\alue  of  pure  water  were  to  be  incorporated  in  every 
public  health  exhibit  in  the  country;  were  to  be  made 
part  of  traveling  exhibitons;  to  be  incorporated  by 
the  Boards  of  education  in  instructions  given  in 
school  rooms,  and  disseminated  by  every  educational 
medium.  It  would  not  be  long  before  the  demand  for 
better  water  would  be  so  insistent  as  to  cover  the 
entire  country. 

A  Suggested  Committee  to  .Advertise  the  Necessity 
of  Securing  Pure  Water. — And,  with  the  objective  of 
creating  this  demand  on  the  part  of  the  consumer,  and 
thus  offsetting  the  deleterious  influence  of  the  care- 
less water  vendor  (.and  to  support  the  technical  water 
works  man  in  the  promulgation  of  higher  standards 
of  water  supplies)  this  suggestion  is  offered:  that 
this  association  appoint  a  committee  to  consider  the 
feasibility  of  a  joint  board  to  consist  of  four  mem- 
bers, one  each  appointed  by  the  presidents  of  the 
American  Water  Works  Association,  the  New  Eng- 
land Water  Works  Association,  the  American 
Public  Health  Association,  and  the  Water  Works 
•Manufacturers'  Association,  these  four  men  to  ap- 
point a  publicity  or  press  agent,  who  might  well  be 
one  of  the  secretaries  or  editors  of  those  associations, 
whose  sole  duty  would  be  to  spread  the  propaganda 
of  better  water  supplies.  There  are  many  problems 
presented;  the  cost  of  broadcast  publicity  at  first 
would  be  prohibitive,  but  intensive  advertising  cam- 
paigns could  easilv  be  conducted  in  certain  localities. 
5) 
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This  is  a  tremendous  undertaking,  but  unquestion- 
ably it  is  worth  while.  It  is  a  campaign  which  would 
take  years  to  properly  cover  the  country,  and  it  is  not 
to  be  expected  that  the  tangible  results  would  be  im- 
mediate. That  the  end  to  be  accomplished  is  a  good 
one  is  beyond  dispute,  and  in  aiding  to  spread  the 
gospel  of  pure  water,  this  association  will  fulfill  its 
highest  function. 


Massachusetts  Experiments  in  Use  of  Am- 
monia with  Bleach  in  Water 
Treatment 

In  the  March  14,  1917,  issue  of  Engineering  and 
Contracting,  Dr.  Joseph  Race,  City  Bacteriologist  of 
Ottawa,  Ont.,  described  some  experiments  that  he 
had  made  in  the  use  of  ammonia  with  hypochlorite 
in  the  sterilization  of  water.  He  found  in  the  experi- 
mental plant  at  Ottawa  that  the  amount  of  available 
chlorine  required  for  disinfection  could  be  reduced 
from  about  1  part  per  million  to  about  0.25  part  if 
0.13  part  of  free  ammonia  was  added.  Preliminary  lab- 
oratory experiments  have  been  made  along  the  same 
lines  at  the  Lawrence  Experimental  Station  and  the 
results  are  given  in  the  monthly  bulletin  of  the  Mas- 
sachusetts State  Board  of  Health. 

The  experiments  were  made  in  bottles  using  Merri- 
mack River  water.  The  designated  amounts  of  bleach 
or  the  mixture  of  bleach  and  ammonia  were  added 
and  tests  made  after  1  hour  and  24  hours'  contact 
with  the  chemicals.  The  results  given  in  Table  I 
show  the  increased  effect  of  a  given  amount  of  bleach 
when  half  as  much  ammonia  hydrate  is  added.  Not 
enough  data  are  as  yet  available  to  show  how  much 
the  bleach  may  be  reduced  when  ammonia  is  added 
and  still  give  the  same  results  as  a  given  amount  of 
bleach  alone.  The  few  results  obtained  indicate, 
states  the  bulletin,  that  it  cannot  be  reduced  as  much 
as  one-half.  In  experiments  on  the  treatment  of  sew- 
age, the  addition  of  ammonia  had  little  effect.  This 
was  to  be  expected  as  sewage  contains  from  5  to  10 
times  as  much  "free  ammonia"  as  would  be  added 
with  the  bleach. 

TABLE    I— EFFECT    OF    USIXG    AMJIONIA    WITH    HYPOCH- 
LORITE IN  THE  TRE.^TMEXT  OF  MERRIMACK 
RIVER  WATER. 


Sc 

s: 

Xo 

K 

~' 

= 

CC 

X 

-2 

S 

5 

d 

■^  S) 

o 

d  p, 

^ 

— 

c  c 

o 

>  a 

£p 

s 

-o 

<i^ 

-<" 

Eh 

..f 

Contro 

.00 

1 

1.400 

1.00 

.00 

1 

1.00 

.50 

1 

7 

Contro 

.00 

;u 

2,000 

1.00 

.00 

•M 

1.00 

.50 

2i 

0 

Contro 

.00 

1 

15,000 

1.00 

.00 

1 

14 

1.00 

.50 

1 

8 

Contro 

.00 

M 

4.700 

1.00 

.00 

!i4 

6 

1.00 

.50 

24 

1 

Contro 

.00 

?A 

12,500 

1.50 

.00 

n 

30 

1.50 

.75 

24 

IS 

Contro 

.00 

1 

25,000 

1.5(1 

.O'l 

1 

470 

1.50 

.75 

1 

SO 

Contro 

.00 

24 

13.000 

1.50 

.00 

«4 

27 

IM 

.75 

24 

10 

Bacterial    per    cubic 
centimeter. 
24    hrs.,    37°    C. 


The  Dionic  Tester  in  Water 
Works  Service 

Originally  the  Dionic  water  tester,  a  portable  ap- 
paratus designed  for  the  determination  of  the  elec- 
trical conductivity  of  water,  was  devised  as  a  rapid 
and  reliable  method  of  detecting  leakages  of  cooling 
water  into  surface  condensers.  Several  other  purpo- 
ses for  which  the  apparatus  has  been  found  to  be 
of  considerable  value  are  described  by  Joseph  Race, 
City  Bacteriologist  and  Chemist  of  Ottawa,  Ont.,  in  a 
recent  issue  of  The  Canadian  Engineer,  to  which  we 
are   indebted   for  the  following  matter: 

Detection  of  Leakages  from  Water  Mains. — It  is 
often  desirable  to  determine  the  character  of  water 
in  order  to  ascertain  whether  it  is  due  to  leakage 
from  a  water  main  or  service,  or  is  derived  from  a 
spring  or  other  natural  source.  For  this  purpose  the 
conductivity  method  will  be  found  to  be  of  great  as- 
sistance when  the  conductivity  of  the  public  supply 
is  materially  less  than  that  of  the  natural  waters. 
The  conductivity  of  the  Ottawa  supply  is  usually 
about  50  units,  a  unit  being  one  reciprocal  megohm, 
and  it  has  been  found  that  ground  and  spring  waters 
never  give  a  value  of  less  than  200  units.     The  dif- 
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Eledncal  ConducHvify,  Reciprocal  Megohms 

Diagram   Showing   Value  of  C  for  Surface  and   Subsurface   Water 
of  the   Ottawa    District. 

ference,  150  units,  is  so  large  that  there  is  no  danger 
of  mistaking  one  source  for  the  other. 

This  test,  which  requires  only  a  very  short  time  for 
completion,  has  been  applied  in  Ottawa  for  several 
years  with  marked  success,  and  has  detected  leak- 
ages which  aggregate  over  1,000,000  gal.  per  day.  In 
other  cases,  where  water  was  suspected  to  be  due  to 
leakages,  the  test  has  shown  it  to  be  ground  water 
and  has  saved  the  cost  of  exploratory  digging. 

The  only  ambiguous  results  that  have  been  encoun- 
tered were  caused  by  leakages  traveling  considerable 
distances  and  dissolving  sufficient  salts  from  the  sub- 
soil to  increase  appreciably  the  electrical  conductivity. 
Such  cases  have  been  very  small  in  number  and  do 
not  seriously  detract  from  the  value  of  the  method. 

The  Dionic  water-tester  is  by  no  means  to  be  re- 
garded as  a  substitute  for  pitometer  or  aquaphone  sur- 
veys, but  as  a  complement  to  them.  Leakages  that 
escape  to  drains  and  fissures,  and  which  do  not  ap- 
pear again,  can  be  found  only  by  the  pitometer  or 
aquaphone.  But  any  visible  water  that  cannot  be  ac- 
counted for  should  be  tested  for  conductivity  and  its 
source  established. 

Estimation  of  Mineral  Matter  in  Water. — The  elec- 
trical conductivity  of  water  is  caused  by  the  presence 
of  ionized  salts  in  solution,  and,  as  the  great  majority 
of  the  salts  present  in  natural  waters  are  completely 
ionized,    the    conductivity    method  has  been  proposed 
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as  a  rapid  way  of  e.stimating  the  inorganic  solids. 
Certain  German  sanitarian.s  who  have  e.xperimented 
with  this  process,  have  stated  that  the  mineral  mat- 
ter is  directly  proportional  to  the  conductivity,  and 
found  that  the  factor  c  was  approximately  0.7.  The 
factor  c  =  m,  e,  m  beinjt  the  mineral  matter  in  parts 
per  million,  and  e  being  the  electrical  conductivity  in 
reciprocal  megohms. 

The  writer  has  determined  the  value  of  c  for  a 
number  of  surface  and  subsurface  waters  of  the  Ot- 
tawa district,  and  some  of  the  results  are  plotted  in 
the  accompanying  diagram.  It  will  be  seen  that  c 
is  by  no  means  constant,  and  although  the  average  of 
70  determinations  gave  a  value  of  0.05,  the  variations 
from  the  mean  are  very  considerable  and  invalidats 
the  accuracy  of  the  process  as  an  indirect  one  for 
estimating  the  mineral  content  of  water. 

A  similar  result  could  be  predicated  from  a  consid- 
'eration  of  the  theoretical  principles  involved.  The 
specific  conductivity  of  an  atiueous  solution  of  an 
electrolyte  is  determined  by  three  factors:  the  con- 
centration, electrolytic  dissociation,  and  the  mobil- 
ity of  the  ions. 

The  concentration  is  the  predominating  factor,  but 
the  nature  of  the  dissolved  substances  also  e.xerts  an 
appreciable  influence.  Chlorides,  sulphates  and  ti- 
trates are  practically  associated  completely  when 
present  in  amounts  up  to  1,000  parts  per  million,  but 
the  dissociation  of  carbonate  of  lime  commences  to 
fall  at  a  much  lower  concentration.  At  100  parts  per 
million  the  value  of  c  for  chalk  is  0.40,  but  at  500 
p. p.m.  it  is  0.47. 

The  conductivity  is  a  function  of  the  concentration 
of  the  ions,  and  also  of  their  mobility,  which  is  deter- 
mined by  the  nature,  the  hydrogen  ion  being  much 
more  mobile  than  those  of  N'a,  K,  Mg,  Ca,  CI,  80=  and 
NO',  which  also  have  different  ionic  velocities  under  a 
constant  potential  gradient. 

The  conductivity  results  are  of  value,  however,  in 
the  classification  of  the  source  of  supply,  and  fre- 
quent examinations  of  well  waters  have  shown  that 
there  is  often  a  correlation  between  the  bacteriological 
purity  and  changes  in  the  electrical  conductivity. 
Deep  wells,  of  great  purity,  have  given  a  remarkably 
constant  conductivity,  whilst  wells  showing  intermit- 
tent pollution  have  given  varying  conductivities.  One 
well  in  Ottawa  yields  a  water  of  good  quality  when 
the  conductivity  is  about  2,000  units,  and  shows  ex- 
cessive pollution  at  200  units.  These  results  point 
to  contamination  with  surface  water,  which  gains  ac- 
cess through  a  faulty  casing  pipe. 

Wells  yielding  two  different  classes  of  water  have 
been  noted.  One  well,  when  the  consumption  is  nor- 
mal, supplies  a  chalk  water  having  a  conductivity  of 
about  700  units;  when  the  draft  is  very  heavy,  a  sa- 
line water  with  a  conductivity  of  20,000  to  25,000 
units  is  obtained. 

Examination  of  Distilled  Water. — As  absolutely 
pure  distilled  water  is  a  very  poor  conductor  of  elec- 
tricity, the  conductivity  method  is  ver>'  suitable  for 
its  examination.  By  employing  special  precautions, 
distilled  water  can  be  prepared  having  a  conduction 
of  less  than  one  unit,  but  the  ordinary  product  made 
in  laboratories  will  be  found  to  have  a  conductivity 
of  from  3  to  5  units.  After  storage  in  soft  glass  bot- 
tles, the  value  is  usually  much  higher,  and  conductivi- 
ties of  30  and  over  in  samples^  obtained  from  phar- 
macists do  not  necessarily  indicate  inferior  methods 
of  preparation.  A  value  of  six  should  be  regarded 
as  the  maximum  for  freshly-prepared  distilled  water, 
and  if  higher  values  are  obtained,  the  still  should  be 
carefully  examined  for  leakages. 


$1,500, ()()()    California  Irrigation 

Project  lias  Well  Supply  and 

98  xMilcs  of  Steel  Pipe  Line 

An  irrigation  project  having  several  unusual  engi- 
neering features  was  placed  in  service  last  month  in 
Central  Tulare  County,  California.  The  development 
was  made  for  the  Lindsay-Strathmore  irrigation  dis- 
trict, comprising  15,000  acres  of  land  on  the  east 
side  of  the  San  Joaquin  Valley.  The  entire  area  is 
located  in  the  citrus  belt  and  will  be  practically  all 
devoted  to  the  production  of  citrus  fruits,  with  a 
small  jroportion  of  olives  and  other  fruits.  At  the 
present  time  about  8,800  acres  of  orange  and  lemon 
orchards  are  in  the  district. 

Supply  Obtained  Entirely  from  Wells. — The  entire 
water  supply  is  obtained  from  37  wells.  These  wells 
have  a  diameter  of  18  in.,  and  an  average  depth  of 
about  100  ft.  and  a  maximum  depth  of  over  200  ft. 
All  of  these  wells  penetrate  many  feet  into  a  coarse 
and  loose  gravel  and  boulder  formation.  The  wells 
for  the  most  part  are  placed  about  '.'»  of  a  mile  apart 
scattered  over  the  1,100  acres.  Regardless  of  what 
amount  of  water  each  well  might  be  capable  of  de- 
livering it  is  not  proposed  to  pump  in  excess  of  2 
cu.  ft.  per  second  from  each  well,  while  the  average 
discharge  will  probably  be  less  than  that  amount 
per  well.  Each  well  is  equipped  with  an  independent 
pumping  plant  with  a  rated  deliverj-  of  2  cu.  ft.  per 
second  against  an  average  total  head  of  100  ft. 

Pumping  Plants. — These  pumping  plants  consist  of 
vertical  turbine  deep  well  pumps  directly  connected 
to  40-HP.  vertical  motors.  The  pumps  have  been 
furnished  by  the  Byron  Jackson  Iron  Works  and  the 
Layne  &  Bowler  Corporation,  and  the  motors  by  the 
Fairbanks  Morse  Co.  Each  pumping  plant  is  housed 
in  a  frame  building,  10x10  ft.  in  size,  and  equipped 
with  a  permanent  30-ft.  derrick  and  movable  roof  so 
that  the  pumps  and  motors  can  be  easily  and  quickly 
handled  and  removed  in  case  of  repairs.  Each  pump 
discharges  into  the  collecting  main  pipes  through  a 
specially  designed  sandtrap,  where  the  sand  is  in- 
tercepted and  siphoned  out  of  the  lines. 

Electric  power  for  the  operation  of  all  of  the  pump- 
ing plants  is  purchased  from  the  Mt.  Whitney  Power 
&  Electric  Co.,  which  company  delivers  high  voltage 
current  to  a  transformer  station  with  1,500-HP.  ca- 
pacity, located  on  the  district's  property.  Two  thou- 
sand two  hundred  volt  current  is  delivered  from  this 
transformer  station  to  all  of  the  wells  over  9  miles 
of  specially  built  power  transmission  lines  belong- 
ing to  the  district.  A  pole  top  switch  is  provided  at 
each  pumping  station,  and  each  pumping  plant  is 
equipped  with  the  very  best  type  of  electric  control 
devices. 

Collecting  Pipe  System. — The  system  of  pipes  re- 
quired to  collect  the  water  from  all  of  the  wells  and 
deliver  it  to  the  gravity  canal  consists  of  87,497  ft. 
of  14-in.  to  48-in.  redwood  pipe,  all  supplied  and 
erected  by  the  Redwood  Manufacturing  Co.  The  14- 
in.  to  24-in.  pipes  inclusive  are  spirally  wound  machine 
banded,  and  the  2G-in.  to  48-in.  are  of  banded  con- 
tinuous stave  construction  built  in  place  in  the 
trench.  The  maximum  pressure  head  on  most  of 
these  lines  is  about  75  ft. 

This  system  of  pipe  lines  is  divided  into  two  main 
parts,  each  drawing  from  about  one-half  of  the  wells 
and  delivering  to  the  canal  through  independent  48- 
in.  pipe  lines,  but  so  gated  and  interconnected  that 
all  of  the  wells  can  deliver  through  either  one  of  the 
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48-in.  pipes  in  case  it  becomes  necessary  to  cut  off 
either  one  of  the  main  lines  for  purposes  of  repair. 
At  the  delivery  end  of  the  48-in.  pipe  lines  and  before 
entering  the  forebay  at  the  head  of  the  low  level 
gravity  canal,  all  of  the  water  delivered  from  the 
pumps  passes  through  two  48-in.  Venturi  meters, 
provided  with  material  recording  and  measuring  de- 
vices, whereby  the  actual  delivery  of  water  from  the 
wells  to  the  canal  may  be  accurately  known  at  any 
time. 

Low  I^evel  Canal. — The  main  pipes  from  the  wells 
extend  to  what  was  formerly  known  as  the  Merry- 
man  Ditch.  This  ditch  line  was  purchased  and  en- 
larged for  the  use  of  the  district.  The  service  of  the 
old  ditch  was  maintained  by  building  a  buried  con- 
crete pipe  line  ranging  from  30  in.  to  16  in.  inside 
diameter  throughout  the  length  of  the  ditch  on  the 
outside  boundary  of  this  right  of  way.  Through  this 
pipe  line  the  water  of  the  Merryman  ditch  is  now  de- 
livered to  its  consumers  entirely  independent  of  the 
district's  canal.  The  Merryman  ditch  thus  acquired 
and  released  was  materially  enlarged  and  rebuilt. 
The  grade  of  the  ditch  is  1.98  ft.  per  mile,  the  bot- 
tom width  6.33  ft.,  the  top  width  141/2  ft.  and  the 
depth  4  ft.  The  canal  throughout  was  given  a  lin- 
ing of  cement  mortar  placed  over  IV^-in.  mesh  No.  18 
galvanized  chicken  wire  reinforcement. 

This  cement  mortar  lining  was  placed  by  means 
of  a  cement  gun  made  by  the  Cement  Gun  Co.  The 
cement  mortar  consisted  of  1  part  of  cement  to  4:^2 
parts  of  coarse  sand,  to  which  was  added  10  per  cent 
of  the  hydrated  lime.  This  aggregate  was  shot  on 
the  banks  of  the  canal  under  a  nozzle  pressure  of 
about  40  lb.  per  square  inch  and  made  a  vei-y  solid 
and  durable  lining,  which  has  been  practically  free 
from  cracks  of  any  description.  By  means  of  this 
method  of  applying  the  lining  irregularities  in  the 
trimmed  surface  of  the  canal  banks  were  readily 
overcome  and  economy  obtained  in  applying  the  lin- 
ing over  rough  surfaces. 

At  each  mile  throughout  the  length  of  the  canal 
Armco  Iron  radial  breastgates,  operated  by  h?nd 
winches,  were  installed  for  the  purpose  of  regulat- 
ing the  storage  in  the  canal  and  the  retarding  or  re- 
lease of  the  water  in  the  canal  in  the  event  of  power 
shutdowns. 

Main  Pumping  Station. — At  the  lower  end  of  the 
low  level  canal  is  located  the  main  pumping  station, 
which  delivers  all  of  the  water  supplied  by  the  well 
pumps  through  the  low  level  canal  to  a  sufficient  ele- 
vation to  provide  pressure  for  the  distributing  pipe 
system  traversing  the  district.  The  pumps  in  this 
station  are  supplied  by  gravity  from  a  small  forebay 
constructed  at  the  lower  end  of  the  low  level  canal 
from  which  the  suction  pipes  of  the  pumps  are  sup- 
plied. 

The  pumping  installation  installed  in  this  station 
consists  of  three  18-in.  single-stage  horizontal  cen- 
trifugal pumps  each  directly  connected  to  SOOIIP. 
electric  motors;  one  12-in.,  single-stage  horizontal 
centrifugal  pump  directly  connected  to  a  200-HP. 
electric  motor,  and  two  8-in.  single-stage  horizontal 
centrifugal  pumps  each  directly  connected  to  100- 
HP.  electric  motors.  The  combined  delivery  capacity 
of  these  pumps  against  a  total  head  of  162  ft.  is  37,- 
000  gal.  per  minute.  The  units  are  so  arranged  and 
divided  that  required  local  variations  in  flow  of  the 
water  will  be  met  by  operating  the  required  number 
of  larger  units  for  the  base  load,  and  taking  the  varia- 
tion of  flow  on  the  smaller  units.  Either  one  of  the 
100-HP.  units  is  interchangeably,  automatically  op- 
erated by  means  of  a  float  switch  and  solenoid  control 
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actuated  by  the  water  level  in  the  forebay  at  the 
lower  end  of  the  high  level  bench  flume  of  a  distance 
of  about  6  miles  from  the  pumping  station.  DeLaval 
centrifugal  pumps  are  used  in  this  station.  The  elec- 
tric equipment  is  that  of  the  General  Electric  Co.  The 
very  best  and  most  modern  type  of  switchboards  and 
electrical  control  throughout  is  installed  in  the  sta- 
tion. 

Water  from  these  pumps  is  delivered  through  two 
36-in.  riveted  steel  pipe  lines,  each  with  a  length  of 
1,040  ft.,  to  a  high  level  bench  flume.  Inserted  in 
each  of  these  pipe  lines  at  the  pumping  station  is  a 
36-in.  Venturi  meter  with  the  latest  type  of  automatic 
recording  registers  placed  in  the  pumping  station. 
Each  pipe  line  is  also  equipped  with  a  pressure  re- 
lief valve  discharging  into  the  low  level  canal  to  off- 
set possible  water  hammer  in  the  event  of  power 
shutdowns. 

Unusual  Type  of  Construction  for  High  Level  Bench  • 
Flume. — This  flume  has  an  approximate  length  of  6 
miles.  It  is  built  of  reinforced  concrete  and  is  set 
upon  a  side  hill  bench  cut,  or  earth  and  rock  fill, 
throughout  its  entire  length.  The  grade  of  the  flume 
is  5  ft.  per  mile  and  its  inside  dimensions  are  5.75 
ft.  in  width  and  4  ft.  in  depth. 

After  very  extensive  study  and  experiment  it  was 
decided  to  build  this  conduit  as  a  reinforced  concrete 
flume  in  preference  to  a  concrete  lined  canal,  in  exca- 
.vation,  the  element  of  cost  being  largely  the  deciding 
factor.  The  type  of  construction  adopted  for  the  flume 
is  an  unusual  one  and  never  before  attempted  for  this 
class  of  work.  The  flume  has  side  walls  2  in.  in  thick- 
ness, and  bottom  2V2  in.  in  thickness,  with 
4x6-in.  longitudinal  stiffening  beams  at  the 
top  of  each  side  wall  tied  together  every  8  ft.  with 
a  steel  rod  set  in  concrete.  Owing  to  the  difficult  lo- 
cation of  the  flume  and  the  high  cost  of  delivering 
materials  the  lightest  possible  type  of  construction 
was  adopted,  and  owing  to  the  very  crooked  alignment 
an  effort  was  made  to  do  away  with  as  much  form 
work  as  possible.  This  resulted  in  the  building  of 
the  flume  throughout,  except  for  the  longitudinal 
beams  which  were  cast  in  box  forms,  with  the  cement 
gun. 

Construction  of  Flume  with  Cement  Gun. — A  single 
form  made  of  tongue  and  grooved  surfaced  lumber 
was  set  on  the  inside  of  each  wall,  and  over  it  was 
placed  the  required  reinforcement.  The  cement  gun 
was  then  used  to  shoot  the  fine  concrete  aggregate, 
or  rather  coarse  cement  mortar,  through  the  rein- 
forcing material  and  against  the  inside  form  until 
it  was  built  up  to  a  thickness  of  ly^  in-  and  gripped 
the  reinforcing  wire.  After  this  first  coat  took  its 
initial  set,  so  that  there  was  no  danger  of  sagging, 
the  cement  gun  applied  the  finishing  coat  of  V2  in. 
and  left  the  surface  with  a  smooth  neat  appearing 
sanded  finish.  The  longitudinal  top  beams  were  then 
cast  over  the  reinforcement  and  connected  up  to  the 
cement  gun  work  on  the  sides.  Following  the  com- 
pletion of  the  sides  of  the  flume  and  after  the  re- 
moval of  the  inside  forms  the  bottom  was  shot  with 
the  cement  gun  directly  upon  the  earth  of  the  flume 
bench.  No  expansion  joints  were  used  in  the  struc- 
ture, which  is  a  monolith  throughout  its  entire  length. 
Much  of  this  work  was  put  in  place  during  the  hot 
summer  months  with  a  maximum  daily  temperature 
in  the  shade  on  one  (jay  123'  F.  and  an  average  max- 
imum daily  temperature  for  one  month  of  112°  F. 
The  ordinary  range  of  temperatures  between  night 
and  day  is  about  30°  with  an  absolute  maximum  sea- 
sonal range  of  about  90°. 

The  flume  reinforcement  was  designed  to  take  up 
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contraction  and  expansion  stresses  for  an  average 
normal  rant'c  of  temperatures  of  -10  ,  although  it  was 
i-nticipated  that,  in  view  of  the  fact  that  the  struc- 
ture was  so  largely  built  durinj:  the  period  when  all 
materials  were  at  their  maximum  expansion,  and  had 
to  face  an  ultimate  extreme  range  of  temperatures, 
there  would  be  a  certain  amount  of  trouble  from 
temperature  cracks.  Experience  has  shown  these 
cracks  to  be  less  than  anticipated,  and  to  be  noth- 
ing more  where  developed  than  line  hair  cracks  which 
have  caused  no  leakage,  and  in  which  initial  seep- 
age rapidly  took  up  due  to  efflorescence. 

The  structure  throughout  is  perfectly  tight  after 
passing  through  an  entire  year's  range  of  tempera- 
ture and  has  proved  an  unqualified  success,  and  it  is 
apparently  good  for  all  time  and  virtually  free  from 
maintenance  charges. 

Six  Armco  iron  radial  breastgates  are  spaced 
throughout  the  length  of  the  flume  to  insure  storage 
and  regulation  in  the  event  of  power  shut-downs. 
Pipe  line  diversions  are  made  at  various  points 
throughout  the  length  of  the  flume  to  supply  the 
northern  portion  of  the  district.  The  fume  termi- 
nates in  an  enlarged  forebay  intake  at  the  head  of 
the  two  main  pipe  lines  which  form  the  principal 
arteries  of  the  steel  pipe  distributing  system.  As  a 
precaution  against  overflow  upon  the  valuable  or- 
chards immediately  below  the  pipe  intake  forebay 
an  automatic  siphon  spillway,  similar  to  that  in  the 
forebay  at  the  lower  end  of  the  low  level  canal,  has 
been  installed.  This  siphon  spillway  discharges  into 
a  30-in.  concrete  pipe  line  2,418  ft.  in  length  empty- 
ing into  the  channel  of  Lewis  Creek. 

Main  Pipe  Lines. — There  are  two  main  pipe  lines. 
One  of  these,  7'  i  miles  long,  extends  from  the  end  of 
the  high  level  canal  to  the  southeastern  corner  of 
the  district.  The  other  pipe  line  extends  from  the 
lower  end  of  the  high  level  flume  east  and  south  for 
a  distance  of  3';;  miles  to  the  northeastern  corner 
of  the  district,  where  it  discharges  into  a  balancing 
reservoir  that  will  equalize  the  flow  of  surplus  water 
in  the  flume.  This  line  also  furnishes  water  to  the 
boosting  station  which  pumps  water  to  high  level 
flume  No.  2,  supplying  the  high  land  along  the  eastern 
margin  of  the  district.  This  conduit  has  a  total 
length  of  approximately  14,500  ft.,  including  9,000  ft. 
of  open  concrete  lined  canal,  with  a  bottom  width 
varj'ing  from  1  ft.  to  2.33  ft.,  side  slopes  of  1 — 1,  and 
depths  of  3  to  2  ft.;  4,000  ft.  of  24-in.  concrete  pipe, 
and  1,500  ft.  of  12-in.  concrete  pipe.  From  this  high 
level  canal  riveted  steel  pipe  lines  draw  the  water 
for  the  irrigation  of  all  of  the  highest  land  on  the 
eastern  side  of  the  district. 

Distributing  Pipe  System. — The  system  of  distrib- 
uting pipes,  exclusive  of  the  two  large  main  pipes, 
consists  entirely  of  high  pressure  riveted  steel  pipes 
with  an  aggregate  length  of  87.6  miles.  The  total 
length  of  all  riveted  steel  lines,  including  the  two 
main  lines,  is  98.6  miles.  These  lateral  pipes  vary  in 
size  from  4  in.  to  16  in.  in  diameter.  As  a  i)rotection 
against  the  corrosive  action  of  destructive  elements  in 
the  soil,  the  pipe  is  covered  throughout  with  a  felt 
wrapping,  which  was  specially  prepared  and  applied 
with  special  wrapping  machines.  The  wrapping  con- 
sists of  a  heavy  rag  felt  which  is  impregnated  under 
heavy  pressure  with  a  specially  prepared  asphaltic 
compound  and  coated  on  the  outside  with  a  patented  i 
alkali  resisting  preparation.  This  felt  covering  is  l 
WTapped  on  the  pipe  when  it  is  still  warm  from  the  ^ 
dipping  kettle  and  is,  therefore,  firmly  cemented  and  « 
joined  to  the  pipe. 
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Pipe  lines  have  been  extended  to  all  of  the  land 
in  the  district.  The  total  length  of  pipe  lines  laid, 
exclusive  of  the  two  main  pipes,  is  462,329  ft. 

I)eliver>'  of  Water  to  Cunsumerti. — All  water  from 
the  distributing  pipe  system  will  be  delivered  to  the 
individual  irrigator  through  a  service  outlet  consist- 
ing mostly  of  3-in.  pipe  lines,  leading  from  the  lateral 
pipe  to  the  property  line  at  the  side  of  the  road.  At 
this  point  a  water  meter  is  installed  either  of  the 
pressure  or  gravity  type,  dependent  upon  the  avail- 
able head,  for  the  measurement  of  the  actual  volume 
of  water  which  is  delivered  to  the  land.  The 
gravity  meters  were  furnished  by  the  Hydrometric 
Company,  Los  Angeles.  The  other  meters  are 
of  the  Worthington  make.  The  system  of  measure- 
ment of  water  maintained  throughout,  beginning  with 
the  measurement  of  water  through  each  of  the  main 
pipes  by  means  of  large  Venturi  meters,  and  the  final 
measurement  of  the  water  from  the  distributing 
pipes  through  the  small  service  meters,  enables  the 
district  to  know  exactly  at  all  times  just  what  water 
is  being  developed,  pumped  and  delivered,  and  the 
consumer  pays  only  for  the  exact  quantity  used.  A 
record  of  the  duty  of  water  is  thus  also  accurately 
obtained.  This  accurate  measurement  of  water  not 
only  permits  of,  but  is  absolutely  necessary  for  the 
proper  management  of  such  an  elaborate  and  ex- 
tensive system  of  supply  and  delivery,  and  is  also  in 
line  with  the  policy  of  all  modern  irrigation  systems 
where  provision  is  made  for  complete  accurate  meas- 
urement of  the  volume  of  water  delivered  from  the 
pump  stations  into  the  pipes,  and  also  from  the  pipes 
to  the  individual  Cf)nsumer,  whether  for  irrigation 
or  domestic  use.  This  last  feature  of  domestic  use 
is  one  that  is  secondary  and  incidental,  but  neverthe- 
less one  of  great  convenience  and  value  to  the  resi- 
dents within  the  district  and  under  the  pipe  systems. 
The  entire  cost  of  the  project  was  about  $1,500,000. 
Stephen  E.  Kieffer,  San  Francisco,  Cal.,  was  the  Chief 
Engineer. 


An  Answer  to  the  Arguments  Against  Metering. — 

Arguments,  if  any  at  all,  against  meters  are  generally 
almost  absurd.  One  argument  is  that  we  have  an 
abundant  supply  in  the  ground  and  that  water,  there- 
fore, should  be  as  free  as  the  air  we  breathe.  Sure, 
there  is  plenty  of  water  in  the  ground — anyone  can 
dig  a  well  and  get  it  as  they  did  in  the  earliest  days 
of  our  city,  but  if  you  want  the  needed  supply  brought 
to  your  home  under  pressure,  it  is  a  little  different; 
you  must  pay  for  the  labor  and  transportation;  com- 
plicated machinerj'  and  buildings  to  house  same  must 
be  constructed;  hundreds  of  miles  of  mai^is  with 
valves  and  hydrants  must  be  laid.  Hundreds  of  tons 
of  coal  must  be  burned  in  order  to  obtain  the  neces- 
sar>"  power  to  operate  the  pumps.  Men  for  construct- 
ing, operating,  maintaining  and  the  repairing  of  the 
system  must  be  hired  and  paid. — From  the  1917  Report 
of  the  Water  and  Light  Departments  of  Lincoln,  Neb. 


Cost  of  Installing  Ser\-ices  at  Loui.sville,  Ky. — Dur- 
ing 1<)I7  the  Hoard  of  Water  Works  of  Louisville,  Ky., 
installed  6G7  new  services  of  an  average  length  of 
29  ft.  The  average  cost  of  this  work,  according  to 
the  last  annual  report  of  the  Hoard,  was  as  follows: 
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Observations  of  California  Bureau  7^.\'^*^f^    standard    Methods    of   water   Analysis 

.                           .  published   by   the   American   Public    Health   Associa- 

Of    Sanitary  Engineers  on  tlon,  1917,  defines  the  B.  coll  group  as  including  all 

f-p    ^     for  R     r^nli  non-spore-forming  bacilli,  which  grow  aerobically  on 

1  eSl9  101    £>.  KjiJll  solid  media  and  which  produce  gas  in  lactose  broth. 

The  Bureau  of  Sanitary  Engineering  of  the  Call-  The  B.  coli  tests  are  grouped  under  three  headings: 
fornia  State  Board  of  Health  is  doing  its  utmost  in  (1)  the  presumptive  test,  consisting  only  of  gas  pro- 
encouraging  the  establishing  of  laboratories  at  water  duction  in  lactose  broth;  (2)  the  partially  confirmed 
plants  throughout  the  state.  Assistance  is  given  in  the  test,  consisting  of  plating  a  portion  of  the  broth  tubes 
arangement,  equipment  and  technique  to  be  used  for  showing  gas  on  litmus  lactose  agar  or  endoes  media 
such  laboratories.  Instructions  in  the  procedure  and  and  noting  the  formation  of  "typical  colon-like  colo- 
interpretation  of  analysis  are  given  at  the  Bureau  nies";  (3)  the  completed  test,  which  consists  of  fish- 
Laboratory  maintained  at  Berkeley,  Cal.,  under  the  ing  typical  colonies  from  the  litmus  lactose  agar 
direction  of  Mr.  C.  G.  Gillespie,  Chief  Engineer.  plates  for  demonstration  of  nonspore-forming  bacilli 

In  many  cases  the  bacteriological  work  at  the  water  and  formation  of  gas  in  lactose  broth, 
plant  laboratories  is  done  by  laymen  and  conse-  It  was  deemed  advisable  to  make  a  comparison  of 
quently  the  technique  for  the  demonstration  of  B.  the  three  methods  and  determine  the  certainty  with 
coli  in  water  supplies  must  be  simple  with  a  fair  de-  which  the  "typical  colon-like  colony"  can  be  recog- 
gree  of  accuracy.  For  the  benefit  of  such  men  the  nized  and  which  of  the  three  methods  is  most  de- 
Bureau  of  Sanitary  Engineering  in  the  June  Bulletin  sirable  for  California  conditions,  with  a  view  to  re- 
of  the  State  Beard  of  Health  gives  the  following  com-  ducing  the  work  in  the  laboratory  to  a  minimum  with- 
parison  of  the  different  steps  in  the  demonstration  of  out  sacrificing  the  accuracy  of  the  demonstration  of 
B.  coli,  especially  in  water  in  California.  B.  coli.    The  following  comparison  was  obtained  from 

Method  at  Laboratory  of  State  Bureau  of  Sanitary  an  entirely  different  series    of    water    samples  than 

Eng^ineering. — Since  the  existence  of  the  Bureau   of  those  given  in  the  preceding  table: 

Sanitary  Engineering  laboratory,  September,  1915,  the  comparison  of  b.  coli  tests. 

method  for  the  isolation  of  B.  coli  in  water  samples  „                       ....                                 2*^°„"'"®-     *^  ^2""- 

,  ,  ii     i     T  -11.         ri^        ,       ,     i,T    .1      1  ,.       Presiimptive   test — total    321  776 

has    been    that    described    in     Standard   Methods     of     partiaiiv  completed  test.s ioo%  S2.i% 

Water  Analysis  as  the  "partiaiiv  confirmed  test,"  :ind      completed  tests  ioo%  8i,2% 

consists  of  fermentation  and  enrichment  in  lactose  Fifty-one  per  cent  of  the  tests  giving  confirmed 
broth  and  streaking  on  litmus  lactose  agar  plates  Presence  of  B.  coli  after  48  hours  failed  to  indicate 
from  broth  tubes  showing  gas.  The  B.  coli  group  is  ^he  presence  of  B.  coli  on  24  hours  incubation.  Prac- 
considered  present  when  typical  colon-like  colonies  ^ically  100  per  cent  of  the  24-hour  presumptive  tests 
develop  on  the  litmus  lactose  agar  plates.  This  were  positive  when  confirmed  by  the  completed  test; 
method  is  similar  to  but  in  one  particular  differs  from  ^"  f^'^*,  only  one  sample  out  of  a  total  of  321  could 
the  procedure  adopted  by  the  Treasury  Department  ^-o*  ^e  confirmed.  The  difference  of  0.9  per  cent  be- 
on  Oct.  21,  1914.  for  drinking  water  supplied  to  the  ^^^en  the  "partially  confirmed  and  completed 
public  by  common  carriers  in  interstate  commerce.  ^^^^"  '^  considered  too  small  to  warrant  the  large 
The  latter  procedure  involves  an  additional  step  over  amount  of  time  consumed  in  completing  the  confirma- 
that  used  in  this  laboratory,  namely:  fishing  and  *''°""  ,  .  ,  ,  ,  .  , 
transplanting  of  a  colon-like  colony  from  the  lactose  ^^  ^^^^  ^^  recognized  that  the  success  of  the  par- 
litmus  agar  plates  into  a  lactose  broth  tube,  to  con-  ^'^^^^  confirmed  test  depends  upon  one's  ability  to 
firm  the  gas-forming  property  distinguish  by  colony  appearance  between  B.  coli  and 
Comparison  of  Methods  of'B.  Coli  Tests.— A  com-  similar  acid-forming  colonies.  On  litmus  lactose  agar 
parison  of  the  two  methods  on  a  large  number  of  ^^^  typical  colon-like  colony  appears  as  a  raised  red 
water  samples  from  various  sources  shows  the  fol-  ""^  P'"''  ^P«^  ^"  ^  '^'"*^  fi*^'^-  o'"  ^^  ^^^  ^^^^  becomes 
lowing  results:  acid,  the  red  or  pink  color  of  the  colony  will  be  more 
comparison  of  b.  coli  tests  prominent  than  that  of  the  field.  The  colonies  on  the 
24  hours.  4s  hours.  surface  are  fat,  glistening  and  smooth  with  a  regular 
^Totai"number*".T  382  782  outline.  Small  deep  red  colonies  with  a  deep  red  or 
Partially  confirmed  test—  brick-colored  Center  or  irregular  outline  are  usually 

Typical  colon-like  colonies   97  1%             76  1%  x    t-»           i  •        /-^              i               t        xi              i       ■                         ■       j 

Treasury  Department  method—  not  B.  coli.     On  endo  media,  the  colonies  are  raised 

Fermentation  of  typical  colon-like  colonies.    97   "i          73.4%  ^ylth  a  regular  Outline,  deep  red  and  with  a  highly 

Observations  were  made'  on  the  presumptive  test  metallic  sheen. 
after  24  hours  and  48  hours.  One  of  the  striking  fea-  On  the  large  number  of  48-hour  presumptive  tests 
tures  of  this  comparison  is  the  small  number  of  sam-  which  the  Bureau  found  negative  on  further  confir- 
ples  showing  B.  coli  after  but  24-hour  incubation  and  mation,  a  large  percentage  were  waters  treated  with 
the  large  number  of  24-hour  presumptive  tests  chlorine  gas,  though  the  same  observation  applies  to 
which  on  subsequent  confirmation  gave  positive  B.  well  waters,  large  reservoirs  and  streams.  The  posi- 
coli  by  the  Treasury  Department  Methods,  and  by  five  presumptive  tests  in  these  cases  may  be  attributed 
the  method  used  in  the  laboratory  of  the  Bureau  to  either  anaerobic  or  aerobic  lactose-splitting  spore- 
of  Sanitary  Engineering,  97  and  97.1  per  cent,  bearing  bacilli,  which  are  highly  resistant  to  chlorine, 
respectively.  Of  the  48-hour  presumptive  tests,  B.  welchii  was  isolated  from  the  river  supply  at  Sac- 
however,  only  73.4  per  cent  were  confirmed  ramento,  Cal.,  in  1916,  as  the  anaerobic  organism  giv- 
by  the  Treasury  Department  Method  and  76.1  per  ing  the  presumptive  test  in  lactose  bile.  At  that  time 
cent  by  the  method  of  this  bureau.  A  difference  of  the  city  laboratory  was  using  only  the  presumptive 
2.7  per  cent  is  noted  in  the  two  methods.  It  is  doubt-  test  for  B.  coli.  In  endeavoring  to  eliminate  gas- 
ful  whether  this  difference  is  of  sufficient  importance  forming  bacteria  from  the  supply,  an  overdose  of 
to  justify  the  extra  work  involved  in  obtaining  the  chlorine  was  consequently  added  which  caused  tastes 
lower  and  doubtless  more  correct  percentage.  The  and  subsequent  complaints  by  the  users  of  the  water, 
"partially  confirmed  test"  is  on  the  safe  side  at  any  More  recently  a  larger  number  of  aerobic  spore-bear- 
rate,  ing  lactose-splitting  bacilli  have  been  isolated  from 
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both  chlorinated  and  unchlorinuted  supplies.  It  is 
thought  that  both  anaerobic  and  aerobic  spore-bear- 
ing bacteria  and  luctose-splittinif  baccili  are  widely 
di.stributed  in  California  waters. 

SummaPk'  of  E.xpcriences  at  Bureau  Laboratory-. — 
The  e.xperience  of  the  Bureau  on  a  wide  range  of 
waters  has  been  that  only  about  50  per  cent  of  the 
tests  in  which  B.  coli  are  confirmed,  develop  gas  within 
24  hours'  incubation.  Forty-eight  hours'  incubation 
is  necessarj-  on  tubes  in  which  gas  does  not  develop 
at  24  hours.  However,  practically  all  tubes  showing 
a  gas  at  the  end  of  24  hours  were  later  ct)nfirmed  for 
B.  coli.  Of  those  showing  gas  on  48  hours  incuba- 
tion less  than  85  per  cent  could  be  confirmed. 

.  Samples  developing  gas  in  48  hours  in  lactose 
broth  must  be  fished  and  streaked  on  litmus  lactose 
«gar  or  endo  media  for  further  confirmation.  The 
presence  of  typical  colon-like  colonies  on  the  plate 
IS  for  all  practical  purposes  sufficient  evidence  of  the 
presence  of  B.  coli. 

The  subsequent  inoculation  of  lactose  broth  tubes 
by  such  colonies  and  determination  of  the  lactose- 
splitting  property  is  practically  unnecessary,  but  is 
advised  for  the  ine.xperienced  technician. 


Cost  of  Thawing  Services  with  Electricity 

During  the  past  winter  the  Baltimore  County  Water 
&  Electric  Co.  of  Baltimore  County,  Maryland,  thawed 
332  ser\'ices  with  electric  outfits  at  an  average  cost 
of  $10.97  per  service.  Three  trucks  were  employed  in 
this  work.  One  truck  carried  the  thawing  equipment, 
consisting  of  thawing  transformer,  switches  and  in- 
struments. Accompanying  this  truck  were  two  line- 
men and  one  groundman  from  the  electric  company 
that  furnished  the  current.  The  driver  was  an  em- 
ploye of  the  water  company.  Two  other  trucks  were 
in  service,  one  of  them  carrying  the  reels  of  wires 
and  the  other  carrying  the  digging  tools,  connect- 
ing up  stocks  and  dies  for  putting  in  short  pieces  if 
the  meters  were  burst  or  damaged  by  the  plumbers 
trying  to  thaw  them.  The  foreman  in  charge  of  main 
extensions  and  the  foreman  in  charge  of  services 
were  employed  with  the  thawing  outfit.  The  total 
cost  to  the  water  company  of  thawing  the  332  ser\'ices 
was  $3,641,  distributed  as  follows: 

Per 

Total,      service. 
Water  company  labor.  4.6.i3i4  hours  at  29.4  ct...»1.339        t  4.03 

Water  company  trucks,  1,405^4   hours  at  $1 1.405  4.24 

Current,    linemen,    etc S97  2.70 

Total J3.641  J10.97 

The  water  company  employes  were  paid  by  the 
month.  The  figure  given  in  the  table  is  the  average 
rate  of  wage  per  hour.  It  was  necessary  to  excavate 
for  some  of  the  services.  The  actual  cost  for  the 
excavation  was  $1.50  per  lineal  foot.  We  are  in- 
debted to  Mr.  A.  E.  Walden,  Superintendent  and 
Chief  Engineer  of  the  Baltimore  County  Water  & 
Electric  Co.,  for  the  information  given  above. 


Cost  of  Sludge  Removal  at  Columbus,  C— During 
1917,  2,164  cu.  yd.  of  sludge  was  removed  from  sewage 
treatment  works  of  Columbus,  O.,  at  an  average  cost 
of  29' i  ct.  per  cubic  yard,  distributed  as  follows: 

Labor     M"S 

OnHOllno     Jl  J 

All  other  expenseii    ■     ■""' 

Total    »"«5 

The  mean  cost  of  labor  was  33.1  ct.  per  hour,  and 
the  labor  hours  per  cubic  yard  were  0.83.  The  aver- 
age length  of  haul  was  750  ft. 

( 


Methods  of    Making   Sewer  Pipe 
Joints 

In  a  topical  discussion  last  January  before  the  Sani- 
tary Section  of  the  Boston  Society  of  Civil  Engineers 
much  interesting  information  was  brought  out  on  the 
variou.H  methods  of  making  joints  in  sewer  pipe.  The 
discussion  is  printed  in  the  February-  Journal  of  the 
Society,  from  which  the  following  matter  is  ab- 
stracted : 

'Cement  Mortar  JointH  and  Poured  Joints. — Dif- 
ferent methods  of  making  cement  joints  are:  First, 
In-  the  use  of  cement  mortar  alone;  second,  by  calk- 
ing a  gasket,  either  dr>-  or  soaked  in  liquid  cement, 
into  the  bell  and  then  filling  the  bell  with  cement; 
third,  by  placing  the  cement  in  the  joint  and  then 
calking  the  gasket  in,  thus  forcing  the  cement  into 
the  bell;  and,  fourth,  by  the  use  of  cement  alone, 
forcing  it  thoroughly  into  the  joint  with  a  calking 
iron  and  covering  the  joint  with  cheesecloth  for  the 
purpose  of  holding  the  cement  in  place.  In  this  latter 
joint  small  wooden  blocks  are  imbedded  in  the  cement 
of  the  bell  for  the  purpose  of  centering  the  pipe. 

An  additional  precaution  to  make  the  joints  tight 
was  used  at  Maiden.  This  consisted  in  the  use  of  a 
small  wooden  box  having  the  sides  cut  to  the  radius 
of  the  outside  of  the  pipe,  which  was  placed  at  the 
joint  and  filled  with  cement  mortar  up  to  the  middle 
of  the  sewer  pipe.  I  used  this  method  a  number  of 
years  ago,  but  it  did  not  prove  entirely  satisfactoo'- 

Under  poured  joints  may  be  included  all  of  the 
methods  of  pouring  the  joints  with  hot  mixtures. 
These  mixtures  are  of  two  distinct  classes,  viz.,  that 
known  variously  as  G-K,  Jcintite,  etc.,  and  that  com- 
posed of  sulphur  and  sand. 

For  making  any  of  these  joints,  deep  and  wide 
socket  pipe  should  be  used.  A  gasket  is  first  calked 
into  the  bell  in  a  thorough  manner,  to  per\ent  the 
material  from  running  into  the  pipe.  A  gasket  is  then 
clamped  around  the  pipe  and  the  hot  material  poured 
in  the  same  manner  as  in  making  water  pipe  joints. 

Water  must  be  kept  out  of  the  bell  while  the  sul- 
phur and  sand  joint  is  being  poured.  It  is  claimed 
that  with  G-K,  or  Jointite,  this  is  not  necessary-,  but 
from  such  information  as  I  have  obtained  I  judge  it 
is  difficult  to  make  a  good  joint  under  water.  The 
sulphur  and  sand  joint  becomes  hard  at  once,  but  it 
is  so  rigid  that  the  pipe  will  break  if  any  settlement 
takes  place.  The  G-K  or  Jointite  compounds  do  not 
harden  so  quickly  and  have  enough  elasticity  to  take 
care  of  any  slight  settlement  of  the  pipe. 

In  my  experience,  covering  30  years,  I  have  seen 
three  small  cases  of  broken  sewer  pipe.  In  one  case 
the  joint  was  made  with  cement,  while  in  the  other 
cases  sulphur  and  sand  w-as  used.  Careful  levels  in- 
dicated that  the  breaks  were  not  caused  by  a  settle- 
ment of  the  pipe. 

In  order  to  give  an  idea  as  to  the  relative  merits  of 
the  different  methods  of  making  joints  in  sewer  pipes, 
as  herein  described,  I  will  give  a  record  of  the  leak- 
age in  four  towns  in  which  we  measured  the  leakage 
immediately  after  we  had  built  the  sewers: 

Easthampton,  Mass.,  in  1893. -The  joints  were  first 
calked  with  oakum  which  had  been  soaked  in  liquid 
cement  and  then  filled  with  cement  mortar.  The  leak- 
age in  about  I'j  miles  was  at  the  rate  of  55.000  gal. 
per  mile  in  24  hours. 

Andover,  Mass.,  in  1898.— The  joints  were  made 
with  cement  mortar,  which  was  first  placed   in  the 
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bottom  of  the  bell  of  the  pipe.  Two  small  wooden 
blocks  were  then  placed  in  the  cement  for  the  pur- 
pose of  centering;  the  spigot  of  the  next  pipe  placed 
in  position,  and  the  remainder  of  the  joint  filled  with 
cement  mortar,  calked  with  a  calking  iron,  and  the 
whole  surrounded  with  cheesecloth.  The  leakage  in 
5.48  miles  was  at  the  rate  of  5,912  gal.  per  mile  per 
24  hours. 

Amesbury,  Mass.,  in  1912. — The  joints  were  made 
with  sulphur  and  sand.  The  leakage  in  SV^  miles  was 
at  the  rate  of  9,700  gal.  per  mile  per  24  hours. 

Lexington,  Mass.,  in  1915-1916. — The  joints  in  the 
vitrified  sewer  pipe  were  made  with  sulphur  and  sand, 
and  in  the  iron  pipe  with  lead.  Measurements  were 
made  at  two  points:  First,  at  the  connection  of  the 
outlet  sewer  with  the  Metropolitan  sewer,  and,  sec- 
ond, at  the  upper  end  of  the  outlet  sewer.  The  outlet 
sewer  is  a  little  over  2.6  miles  in  length,  of  which  a 
little  over  one-half  mile  is  vitrified  pipe  and  the  re- 
mainder is  iron  pipe.  The  length  of  sewers  above  the 
upper  end  of  the  outlet  sewer  is  a  little  over  3.9  miles, 
and  the  joints  were  made  with  sulphur  and  sand.  The 
leakage  into  the  entire  system  of  6.56  miles  as  meas- 
ured at  the  Metropolitan  sewer  was  at  the  rate  of 
674  gal.  per  mile  per  24  hours,  and  for  the  3.9  miles  of 
the  system  above  the  upper  end  of  the  outlet  sewer 
at  the  rate  of  71  gal.  per  mile  per  24  hours. 

Taking  everything  into  consideration,  my  conclu- 
sions are  that  a  nearer  water-tight  joint  can  be  se- 
cured by  pouring. 

'Experiences  at  Newton,  Mass.,  with  Sulphur-Sand 
Joints. — The  city  of  Newton,  Mass.,  has  a  sep- 
arate sewerage  system,  and  for  the  past  llVo  years  a 
sulphur  and  sand  compound  has  been  used  exclu- 
sively as  a  jointing  material  for  its  vitrified  pipe,  sani- 
tary sewers  and  house  connections,  and  for  a  limited 
amount  of  surface  drains. 

From  June,  1906,  to  January,  1918,  281/2  miles  of 
vitrified  pipe  sanitary  sewers  and  31 1^  miles  of  vit- 
rified pipe  house  connections  have  been  laid  with  this 
compound  of  sulphur  and  sand.  The  total  mileage  of 
vitrified  pipe  sanitary  sewers  is  now  118  miles,  thus 
making  24  per  cent  the  proportion  with  the  sulphur 
compound;  and  the  total  mileage  of  house  connections 
is  now  98%  miles,  thus  making  32  per  cent  of  the 
house  connections  laid  with  this  material. 

The  size  of  the  pipe  sewers  so  jointed  varies  from 
8  in.  to  20  in.,  but  89  per  cent  of  these  sewei-s  are  8-in. 
laterals.  The  house  connections  are  5  in.,  with  a  few 
cases  of  6  in. 

The  method  of  making  the  joints  in  the  pipes  is 
similar  to  the  pouring  of  lead  joints  in  water  mains. 
After  fitting  any  two  pipes  closely  together,  the  joint 
is  calked  with  jute  oakum,  usually  about  ^'2  in.  to  1  in. 
in  depth,  but  only  suflicient  to  prevent  the  jointing 
material  from  running  into  the  interior  of  the  pipe. 
A  pipe  jointer  is  then  placed  around  the  outside  of 
the  spigot  end  of  one  pipe  close  against  the  bell  of 
the  adjacent  pipe,  leaving  a  triangular  opening  on 
top  of  the  pipe  through  which  the  joint  is  poured  full 
with  the  molten  mixture  of  sulphur  and  sand.  A 
ladle  large  enough  to  hold  sufficient  material  to  pour 
the  joint  completely  full  at  one  operation  should  be 
used  and  sufficient  time  given  for  the  sulphur  and 
sand  compound  to  harden  before  removing  the  pipe 
jointer.  After  removing  the  jointer,  the  exposed  sur- 
face of  the  sulphur  and  sand  mixture  is  painted  with 
-hot  roofing  pitch  to  close  up  any  possible  voids  or 
slight  temperature  cracks.     It  may  be  questioned   if 


this  practice  is  an  absolute  necessity,  but  the  cost 
per  joint  is  slight,  only  about  ^2  ct.  per  joint,  and  is 
an  added  precaution  for  water  tightness.  The 
T  branches  provided  for  future  house  connections 
are  closed  with  a  stopper  held  in  place  by  roofing 
pitch,  so  as  to  be  readily  removed  when  necessary  to 
make  a  connection  with  a  house  connection. 

The  sulphur  and  sand  are  mixed  in  equal  parts  by 
measure  and  melted  together  in  an  iron  pot  held  in 
an  iron  frame  and  suspended  over  a  fire  of  waste 
wood.  Gasoline  furnaces  were  previously  used,  but 
owing  to  the  increased  cost  of  gasoline  the  mixture 
is  now  heated  by  waste  wood,  which  is  almost  always 
to  be  found  on  a  piece  of  sewer  work.  When  gasoline 
was  used  for  fuel  for  melting  it  required  about  .07  gal. 
of  gasoline  per  joint. 

The  correct  temperature  to  which  the  compound 
should  be  heated  for  use  averages  260°  F.  The  mse 
of  a  thermometer  is  unnecessary  after  the  workmen 
become  accustomed  to  handling  the  mixture,  as  the 
correct  temperature  is  easily  ascertained  by  inspec- 
tion. If  it  is  too  cold  it  will  not  flow  properly,  and  if 
too  hot  the  tendency  is  to  foam  in  the  kettle.  The  use 
of  the  compound  does  not  involve  any  waste  material, 
for  that  which  is  left  unused  in  the  kettle  is  melted 
the  next  time  it  is  wanted  and  fresh  material  added, 
together  with  any  fragments  left  from  defective  joints 
from  leakage  around  the  jointer  in  pouring  the  joints. 

The  sulphur  is  powdered  sulphur  of  commercial 
quality,  bought  by  the  barrel.  The  sand  is  a  very  fine 
quicksand,  which  is  obtained  from  a  pit  on  the  city  of 
Newton  waterworks  reservation  in  the  town  of  Need- 
ham.  A  great  deal  of  the  success  of  this  type  of  joint 
depends  on  the  fineness  of  the  sand.  Tests  of  the 
sand  in  use  indicate  that  90  per  cent  will  pass  a  sieve 
having  100  meshes  per  linear  inch  and  50  per  cent 
will  pass  a  sieve  having  200  meshes  per  linear  inch. 
The  pitch  is  ordinary  roofing  pitch.  The  jute  is  the 
usual  type  of  tarred  jute  oakum.  The  pipe  used  is  in- 
variably  deep  and  wide  socket,  as  the  annular  space 
between  the  bell  and  spigot  in  standard  pipe  is  consid- 
ered too  narrow  for  the  best  work. 

The  cost  of  sulphur  varies  from  2%  ct.  per  pound 
in  1907,  to  3  ct.  per  pound  in  1910,  and  4.35  ct.  per 
pound  in  1917.  The  sand  is  charged  to  each  piece  of 
work  at  the  rate  of  $1  per  barrel  of  250  lb.,  or  0.4  ct. 
per  pound.  The  cost  of  the  jute  varies  from  51/2  ct. 
per  pound  in  1918  to  8V2  ct.  and  10  ct.  per  pound  in 
1917.  The  cost  of  the  pitch  varies  from  1  ct.  per 
pound  in  1908  to  1.3  ct.  per  pound  in  1917. 

The  quantities  of  material  per  joint  required  for 
8-in.  pipe  are  about  as  follows:  Sulphur,  11/2  lb.; 
sand,  IV2  lb.;  jute,  \2  lb.;  pitch,  0.4  lb.  For  5-in.  pipe 
the  quantity  of  sulphur  is  about  0.9  lb.,  and  other 
materials  in  proportion.  On  the  basis  of  present-day 
prices,  the  cost  of  materials  for  an  8-in.  joint  would 
be  from  11  ct.  to  12  ct.,  but  until  recently  the  cost  has 
been  considerably  less. 

In  1907  a  careful  comparison  was  made  of  the  cost 
of  laying  an  8-in.  pipe  sewer  of  38  cement  joints  with 
an  8-in.  sewer  having  31  sulphur  and  sand  joints. 
This  test,  which  included  the  labor  and  materials  for 
laying  the  pipe  in  both  instances,  showed  a  cost  of 
26.5  ct.  per  joint  and  23.8  ct.  respectively,  or  that  the 
sulphur  and  sand  joint  cost  90  per  cent  of  the  cement 
joint. 

The  soil  in  Newton  through  which  the  sewers  are 
laid  is  mostly  hardpan,  gravel,  sand  or  ledge,  there 
being  but  little  subsoil  of  peat  or  of  filling.  The 
sewers  are  under  constant  inspection  and  breakages 
are  of  very  infrequent  occurrence,  there  having  been 
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but  two  or  three  breaks  in  the  60  miles  of  pipe  jointed 
with  the  sulphur  compound  since  its  use  was  adopted 
from  settlement  of  the  foundation  of  a  sewer  or  house 
connection. 

Trouble  is  frequently  encountered  from  tree  roots 
on  nearly  all  of  our  sewers  which  are  laid  with  cement 
joints  in  which  there  are  trees  along  the  side  of  the 
street,  and  the  sanje  is  true  of  the  older  house  con- 
nections laid  with  cement  joints  with  trees  in  the 
near  proximity.  We  have  had  absolutely  no  trouble 
from  the  growth  of  tree  roots  in  sewers  or  house  con- 
nections laid  with  sulphur  and  sand  joints. 

The  sewage  in  Newton  is  largely  from  dwelling 
houses,  but  no  difliculty  has  been  experienced  with 
deterioration  of  joints  from  sewage  from  any  of  the 
comparatively  few  mills  or  factories,  the  sulphur  and 
sand  compound  only  being  affected  by  chemicals  which 
are  most  rarely  found  in  the  trade  wastes  from  manu- 
facturing establishments  and  not  at  all  in  dwelling 
house  sewage. 

K.xperiences  at  Brookline,  Mass.,  with  Asphalt  and 
Sand. — We  experimented  with  various  bituminous 
compounds,  and  in  1909  used  a  mixture  of  asphalt  and 
sand  in  laying  a  30-in.  sewer.  This  gave  so  much  bet- 
ter results  than  anything  we  had  previously  tried  that 
we  continued  its  use,  and  up  to  the  present  time  have 
found  nothing  that  is  more  satisfactory,  considering 
the  ease  of  manipulation,  cost,  etc.  The  method  of 
making  a  joint  with  this  material  is  similar  to  that 
used  for  lead  joints,  except  that  the  material  does 
not  have  to  be  calked.  It  also  required  very  little 
heat  to  bring  the  compound  to  the  proper  consistency, 
a  small  wood  fire  being  all  that  is  necessarj'.  We 
take  the  precaution  to  fill  the  angle  between  the  bell 
and  the  barrel  of  the  adjacent  pipe  with  cement  mor- 
tar, but  do  not  think  this  is  absolutely  necessary,  es- 
pecially in  the  smaller  sizes  of  pipe. 

We  have  recently  inspected  some  of  the  first  work 
done  with  this  material  and  have  found  the  joints  in 
perfect  condition,  and  could  see  no  change  in  the 
consistency  of  the  compound  itself. 

'Experiences  at  Cambridge.  Mass.,  with  Cement 
Joints. — Our  practice  in  making  up  the  joints  8,  10, 
12  and  15-in.  pipes  is  to  use  Portland  cement  mortar 
and  use  the  fingers  and  trowel  in  filling  the  joint  and 
forming  the  collar  outside. 

Personally,  I  believe  that  the  cement  joint  is  likely 
to  give  as  good  results  as  any.  Its  simplicity,  ease  of 
handling  the  material  and  detecting  imperfections. 
and  its  common  use  by  masons  and  other  workmen, 
are  strong  points  in  its  favor.  I  believe,  however,  that 
the  poured  grout  is  the  best  way  in  which  to  use  it 
and  get  a  full  joint.  With  the  poured  joint,  liability 
of  having  an  imperfect  joint  on  the  bottom  side  of 
the  pipe  is  reduced  to  a  minimum  and  must  be  the 
result  of  gross  carelessness,  as  the  bottom  part  should 
be  best  part  of  the  joint  by  this  method.  The  pipes 
are  first  lined  up  and  centered,  and  a  strand  of  oakum 
lightly  driven  into  the  joint,  and  then  the  joint  is 
poured.  Various  devices  have  been  suggested  for 
holding  the  cement  grout  in  place  when  poured.  A 
very  simple  and  inexpensive  one  is  a  sort  of  band  or 
collar  made  of  paper  fabric  about  2','j  in.  wide,  one 
edge  of  which  is  attached  to  the  bell  of  one  pipe  and 
the  other  edge  is  attached  to  the  body  of  the  next 
pipe,  by  cords  passing  around  the  pipe  and  firmly 
binding  the  collar  to  it.  The  grout  is  then  poured  into 
the  joint  space  through  a  hole  in  the  collar  until  it 
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is  entirely  full.    The  collar  can  be  left  in  place,  as 
the  expense  of  the  collar  is  very  small. 

KxpiTicnci's  at  Waltham,  MasM.,  with  Sulphur  Sand 
and  .Vsphaltic  Joinl.s.  For  wet  work  both  the  sul- 
phur-.-aiul  and  the  asphaltic  composition  joint  have 
teen  thoroughly  tried.  The  asphaltic  joint  has  been 
adopted. 

The  first  sulphur-sand  joints  were  used  in  1907.  in 
a  connection  where  a  water  and  drain  pipe  were  laid 
in  the  same  trench.  The  water  pipe  was  laid  after 
the  sewer,  and.  as  a  result  of  the  jarring  the  sewer 
received,  several  pipes  were  broken,  all  of  them  on 
the  line  back  of  the  bell.  This  joint  was,  however, 
used  in  several  wet  trenches  later  in  that  season. 
There  is  no  difficulty  in  securing  a  sand  in  Waltham 
fine  enough  for  the  sulphur  joint,  and  the  men  soon 
learned  to  heat  the  mixture  properly.  After  that  year, 
however,  it  was  abandoned.  The  experience  cited  in- 
dicated that  the  joint  was  too  rigid.  The  writer  has 
never  yet  seen  a  sewer  where  there  was  not  some 
movement  of  the  pipes  after  they  were  laid.  It  migh*. 
be  only  very  slight  and,  with  care,  it  need  be  only  very 
slight,  but  in  the  case  mentioned,  where  there  was  no 
appreciable  change  and  the  pipe  was  subjected  to 
ven,-  little  stress,  failure  resulted.  Further  experi- 
ence goes  to  show  that  the  decision  to  abandon  the 
use  of  the  sulphur-sand  joint  was  a  sound  one.  In 
1917  a  300-ft.  line  of  5-in.  pipe,  laid  10  years  before, 
where  the  joints  were  of  the  type  now  under  con- 
sideration, was  taken  up  and  relaid  at  a  lower  level. 
When  excavated,  this  sewer  to  all  appearances  was 
at  a  true  grade  and  perfectly  sound,  but  when  jarred 
out  of  line,  over  a  third  of  the  pipes  were  found  to 
be  completely  fractured  at  the  back  of  the  bell.  The 
annular  cracks  were  so  fine  that  they  could  not  be 
seen  until  the  sewer  was  moved. 

The  asphaltic  compositions  since  1907  have  been 
invariably  used  in  wet  places.  Thus  far  no  failures 
have  been  discovered.  The  Warren  Bros.'  pipe  joint- 
ing compound  has  usually  been  employed.  A  jute 
gasket  is  calked  into  place  and  the  compound  poured 
into  the  joint  in  the  usual  manner.  In  shallow  trenches 
every  third  joint,  and  in  deep  trenches  every  other 
joint,  is  made  up  in  the  trench:  the  rest  are  poured 
on  the  bank.  With  the  asphaltic,  as  well  as  with  the 
sulphur-sand,  joints  only  deep  and  wide  socket  pipe 
was  used.  Both  the  inside  of  the  bell  and  the  end  of 
the  spigot  should  be  scored  by  the  manufacturer,  else 
the  pipes  are  liable  to  pull  apart.  Care  must  be  taken 
to  see  that  the  compound  does  not  break  through  the 
gasket  and  protrude  into  the  sewer. 

The  asphaltic  joint  has  been  used  in  Waltham  on 
domestic  sewers  only,  and  the  danger  of  hot  water 
melting  the  compound  has  never  arisen.  Its  great 
advantage  is  that  it  has  considerable  tiexibility  and 
can  be  used  in  a  wet  trench  and  without  an  under- 
drain,  unless  there  is  more  ground  water  than  can  be 
taken  care  of  with  a  trench  pump  operated  with  a 
gasoline  engine.  A  covering  of  Portland  cement  has 
sometimes  been  added  to  keep  the  compound  in  place, 
in  case  it  should  later  be  subjected  to  unusual  heat; 
but.  if  the  cement  is  to  be  made  at  all  effective,  this 
necessitates  the  introduction  of  expensive  unwater- 
ing  operations,  which  are  not  required  with  the  com- 
position alone.  The  cement  covering  was.  therefore, 
used  on  the  earlier  jobs  only. 

A  few  years  ago  the  department  laid  about  120  ft. 
of  10-in.  pipe  in  a  shallow,  wet  trench  alongside  of  a 
brook.     The  ends  were  plugged  and  the  sewer  was 
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left  over  night  without  back-filling.  During  the  night 
the  water  rose  considerably,  and  in  the  morning  the 
whole  120  ft.  of  sewer  was  afloat.  This  experience 
increased  our  faith  in  the  asphaltic  jointing  com- 
pound. When  trying  it  out  at  the  sewer  yard,  4  years 
ago,  two  pipes  joined  together  at  that  time  were  left 
there  for  observation.  They  have  been  exposed  to  all 
kinds  of  weather,  kicked  about  and  pretty  well 
abused.  The  joint  in  these  pipes  is  perfect  today, 
and  they  are  in  as  good  alignment  as  they  were  the 
day  it  was  poured. 

"Experiences  at  Fitchburg,  Mass.,  with  Cement 
and  G-K  Compound  Joints. — During  the  last  7  years 
in  Fitchburg  sewer  pipe  joints  in  sanitary  sewers 
have  been  of  two  kinds,  depending  largely  upon 
the  trench  conditions.  Where  the  trench  was 
comparatively  dry  with  no  probability  that  the 
water  plane  would  for  any  length  of  time, 
if  ever,  be  above  the  pipe,  a  cement  joint 
was  used.  These  joints  consisted  of  a  ring  of 
jute  calked  in  to  assure  a  uniform  annular  space.  The 
jute  was  soaked  in  a  thin  mixture  of  cement  and 
water.  The  balance  of  the  joint  was  filled  with  a  1- 
to-1  mixture  of  cement  and  sand  pressed  in  by  the 
hand  and  trowel  and  the  outside  smoothed  off  on  a 
bevel.  Portland  cement  was  always  used,  and  care 
taken  to  assure  as  tight  a  joint  as  possible,  not  on 
account  of  ground  water  but  to  avoid  trouble  from 
roots. 

Where  the  water  plane  was  normally  above  the 
pipe,  and  where  there  was  water  in  the  trench,  a 
poured  joint  of  what  is  commercially  known  as  G-K 
compound  was  used  almost  wholly.  Other  similar  ma- 
terial was  used  to  some  extent,  but  G-K  seemed  to 
be  more  satisfactoiy.  A  round  commercial  gasket 
was  used.  The  joint  was  first  calked  with  dry  jute, 
using  no  more  than  enough  to  assure  a  uniform  an- 
nular space  and  to  prevent  the  jointing  material  from 
running  into  the  pipe.  Joints  were  poured  when  the 
water  stood  as  high  as  6  to  8  in.  above  the  invert,  and 
no  difficulty  was  found  in  making  the  joints  tight 
enough  to  prevent  any  objectionable  leakage.  The 
G-K  was  melted  in  a  gasoline  kettle  owing  to  the  bet- 
ter control  of  the  heat  than  when  wood  is  used.  It 
was  found  advisable  to  keep  the  same  workman  on 
the  kettle  as  there  was  less  liability  of  injury  to  the 
material  when  a  man  has  had  some  practical  ex- 
perience. 

All  sewer  pipe  used  in  recent  years  has  been  in  3- 
ft.  lengths  when  obtainable,  and  also  has  had  deep 
and  wide  sockets.  Standard  pipe  is  more  economical 
than  deep  and  wide  socket  pipe,  as  it  takes  less  ma- 
terial to  fill  the  joint.  But  with  allowable  variation 
in  the  diameter  of  the  pipe  the  annular  space  with 
standard  pipe  was  so  small  that  it  was  decided  to  use 
deep  and  wide  socket.  It  was  considered  that  the  cost 
of  the  additional  amount  of  jute  and  compound  or 
cement  was  more  than  offset  by  the  better  joint  se- 
cured. 

In  the  construction  of  drains  or  storm  sewers,  ce- 
ment joints  only  were  used,  as  with  these  sewers  it 
was  not  expected  that  there  would  be  any  trouble 
from  roots,  and  the  elimination  of  all  ground-water 
leakage  was  not  considered  important. 


Concrete  Reservoir  Floor  Finished  by  Rolling. — The 

concrete  floor  of  new  Waban  Hill  reservoir  of  New- 
ton, Mass.,  was  finished  by  use  of  a  roller  made  of  3- 
in.  pipe,  the  method  of  rolling  being  similar  to  that 
on  concrete  roads. 


Personals 

Frank  J.  Noll,  Jr.,  has  been  appointed  manager  o£  the  garbage 
reduction   plant   of  Indianapolis.    Ind. 

J.  D.  Kervin  has  resigned  as  city  engineer  and  street  com- 
missioner of  Waxahachie,  Tex.,  and  has  accepted  the  manage- 
ment of  a  graphite  mine  at  L.lano. 

James  P.  Murray,  for  the  last  5  years  civil  engineer  of  the 
State  Reclamation  Department  of  Texas,  has  been  appointed 
captain  in  the  engineer  section  of  the  reserve  corps  of  the  army. 

George  T.  Prince  has  resigned  as  engineer  of  the  Met- 
ropolitan Water  District  of  Omaha,  Neb.,  to  take  a  Government 
position  in  connection  with  housing  and  transportation  of  war 
industry  plants. 

Charles  E  Ashburner,  for  the  past  4;a  years  city  manager 
of  Springfield.  O.,  is  reported  to  have  been  appointed  to  a  similar 
position  at  Norfolk,  Va.,  at  a  salary  of  $9,000  a  year,  an  increase 
of  13,000   over   that   paid  at   Springfield. 

A.  D.  Bennett,  for  the  past  3  years  superintendent  of  the 
Arkansas  Water  Co.  of  Little  Rock,  Ark.,  has  re.signed  on  ac- 
count of  ill  health.  S.  R.  Brough,  for  7  years  manager  of  the 
water  works  at  Marinette.  Wis.,  succeeds  Mr.   Bennett. 

E.  J.  Burkham,  vice  president  of  the  Moreno-Burkham  Con- 
struction Co.,  municipal  contractors.  St.  Louis,  Mo.,  has  been 
appointed  expert  in  charge  of  the  commodity  section  of  building 
materials  in  the  Bureau  ol  Supplies  and  Accounts,  in  Wash- 
ington. 

E.  W.  Sayles,  city  engineer  of  Watertown.  Wis.,  has  been 
appointed  engineer  by  the  Department  of  Labor  to  have  charge 
of  Government  munition  housing  plans  in  that  city.  Associated 
with  Mr.  Sayles  will  be  the  firm  of  Davis,  McGrath  &  Kiessling 
of  New  York,  and  E.  Vitale.  also  of  New  York,  architects.  The 
latter  will   be  the   "community   planner." 

The  United  States  Fuel  Administration  has  selected  Hender- 
son W.  Knott  to  manage  the  field  force  of  engineers  and  in- 
spectors which  is  at  work  among  the  power  plants  of  the 
country,  carrying  out  a  campaign  of  instruction  and  inspection 
designed  to  bring  the  use  of  fuel  for  the  production  of  power 
to  the  Iiighest  possible  efficiency  and  economy.  Mr.  Knott  has 
been  the  general  manager  of  the  Morgan  Crucible  Company  of 
New  Y'ork  City. 

P.  B.  Findley,  technical  editor  in  the  Department  of  PubUcity, 
Westinghouse  Electric  &  Mfg.  Co.,  has  resigned  from  that  posi- 
tion to  enter  the  Training  School  at  the  University  of  Pitts- 
burgh, where  he  will  take  a  special  course  in  radio  work,  with 
the  Signal  Corps.  Before  going  to  the  Westinghouse  Electric 
Co.  Mr.  Findley  was  editor  of  the  Electrical  Age,  in  which  posi- 
tion he  made  a  large  number  of  friends  in  the  electrical  field,  who 
will  wish  him  success  in  his  military  work. 

Chester  G.  Wigley  has  resigned  as  chief  of  the  Bureau  of 
Engineering  of  the  New  Jersey  State  Department  of  Health  to 
become  affiliated  v,-ith  the  engineering  staff  of  Wallace  &  Tier- 
nan  Co.,  Inc.,  New  Y'ork  City.  Mr.  Wigley  after  graduating 
from  Cornell  University  performed  various  engineering  work 
connected  with  the  construction  of  water  purification  plants  and 
sewage  disposal  works,  and  in  1910  became  associated  with  the 
engineering  department  of  the  New  Jersey  State  Board  of  Health, 
being  chief  of  the  departm.ent  for  the  last  three  years. 

General  C.  C  Williams,  acting  chief  of  ordnanre,  has  ap- 
pointed the  following  officers  en  a  board  to  represent  the 
Ordnance  Department  in  the  preparation  and  approval  of  plans 
for  the  construction  of  the  Neville  Island  plant  for  heavy  cannon 
and  projectiles  to  be  constructed  by  the  United  States  Steel 
Corporation  under  the  terms  of  the  existing  contract  between 
the  corporation  and  the  Ordnance  Department.  The  board  will 
co-operate  with  the  corpor.ition  in  the  planning,  construction 
and  operation  of  the  plant:  Colonel  Chas.  C.  Jamieson, 
Ordnance,  N.  A.,  president;  Colonel  Chas.  M.  Wasson, 
Ordnance.  N.  A.;  Lieutenant  Colonel  H.  B.  Hunt,  Ordnance,  N. 
A.;  Lieutenant  Colonel  W^.  P.  Barba.  Ordnance,  N.  A.;  Lieutenant 
Colonel  F.  E.  Walters,  Ordnance,  N.  A.:  Lieutenant  Colonel  R. 
P.  Lamont.  Ordnance,  N.  A.;  Major  Chas.  A.  Walker,  Jr., 
Ordnance,   N.   A. 


Obituaries 

Daniel  C.  Corbin,  multimillionaire  railroad  builder,  died  June 
29  at  Spokane.  He  was  S3  vears  old.  He  constructed  the  Spokane 
Falls  &  Northern  railroad  from  Spokane  to  Nelson.  B.  C.  and 
the  Spokane  International  railroad  from  Spokane  to  Kingsgate, 
Canada. 

William  R.  Hill,  consulting  engineer,  died  June  13  at  his  home 
in  Albany,  N.  Y..  aged  64  years.  In  1SS9  Mr.  Hill  was  appointed 
chief  engineer  of  the  Syracuse.  N.  Y.,  water  board,  and  in  1894 
he  was  appointed  superintendent.  He  had  charge  of  the  con- 
struction of  the  first  conduit  line  from  Skaneateles  Lake  to  the 
city  and  of  the  Woodland  reservoir  from  its  inception  to  its 
completion. 


"From  the  discussion  of  David  A.  Hartwell,  formerly  Chief  En- 
gineer, Sewage  Disposal  Commission,  Fitchburg,  Mass. 


Industrial  Notes 

AV.  H.  Callan,  general  manager  plants,  and  W.  P.  Pressinger, 
general  manager  sales,  have  been  elected  vice  presidents  of  the 
Chicago  Pneumatic   Tool   Co..   Chicago. 

Robert  F.  Atkins,  Eastern  credit  manager.  Universal  Portland 
Cement  Co..  has  resigned  to  become  credit  manager  of  the 
Emergency  Fleet  Corporation.  E.  M.  Johnson,  formerly  assistant 
credit  manager  of  the  Universal  Co.  at  Chicago,  succeeds  Mr. 
Atkins  at  Pittsburgh,  and  A.  J.  Joyce  of  the  Chicago  office  suc- 
ceeds Mr.  Johnson. 

The  Chicago  Pneumatic  Tool  Co.  announces  the  appointment 
of  L.  C.  Sprague  as  its  special  representative  in  connection  with 
the  t-ale  of  pneumatic  tools  to  railroads.  Mr.  Sprague  was 
formerly  connected  with  the  Tool  company,  but  more  recently 
has  been  connected  with  the  Railroad  Department  of  The  H.  W. 
Johns-Manville  Co.,  New  York  City. 

The  Westinghouse  Electric  &  Mfg.  Co.  announces  a  change 
in  representation  in  its  Western  District,  with  headquarters  at 
Indianapolis,  Ind.  Frescott  C.  Ritchie  has  been  appointed  dis- 
trict representative  to  succeed  H.  S.  Johnson,  whose  resignation 
became  effective  June  30.  Mr.  Ritchie  has  had  a  considerable 
amount  of  experience  in  the  automobile  industrj',  having  been 
in  charge  of  headquarter.s'  inquiry  work,  for  the  Western  Dis- 
trict, in  the  main  offices  of  the  company  for  some  years  past,  and 
prior  to  that  time  he  was  connected  with  the  Thomas  B.  Jeffrey 
Co.  at  Kenosha,  Wis. 
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The    Directors  of   the   American 

Society    of    Civil    Engineers 

Pass    a    Momentous 

Resolution 

The  American  Society  of  Civil  Engineers  has  fre- 
quently been  accused  of  ultra-conservatism,  and  per- 
haps with  some  justice.  But  conservatism  is  a  char- 
acteristic of  all  long  established  large  organizations. 
Conservatism  is,  in  fact,  a  mark  of  maturity.  It  may 
lead  to  inaction  when  there  should  be  action,  but 
young  men  are  prone  to  forget  that  delayed  action 
often  prevents  disastrous  action.  Conservatism  is  a 
source  of  strength  as  well  as  of  weakness.  On  the 
whole  the  conservatism  of  the  American  Society  of 
Civil  Engineers  has  been  for  the  good  of  the  society 
and  of  civil  engineers  in  general.  Moreover,  w-hen 
this  great  society  finally  does  take  an  important,  and 
to  it  a  novel,  step,  its  reputation  for  conservatism 
then  serves  to  arouse  the  keenest  and  widest  interest 
in  that  step. 

On  June  18  this  society,  through  its  Board  of  Di- 
rectors, passed  a  resolution  that  marks,  we  believe, 
the  beginning  of  a  new  era  in  its  existence.    We  quote: 

The  development  and  applkation  of  the  .sciences  In  recent 
decades  have  caused  profound  chanties  In  the  social  and  Indu.s- 
trial  relationships  of  all  peoples. 

The  engineer  has  been  a  leader  In  this   progress. 

Sociological  and  economic  conditions  are  In  a  state  of  Mux 
and  are  leading  to  new  alignments  of  the  elements  of  society. 

These  new  condltlon<<  are  affecting  deeply  the  profession  of 
engineering  In  Its  services  to  society.  In  Its  varied  lelation.-hlps 
to  communities  and  nations,  and  In  Its  Internal  organization. 

.\  hroad  sur\'ey  of  the  functions  and  pur|>oses  of  the  .Vmerlcan 
Society  of  (•i\ll  Engineers  Is  needed  In  order  that  an  Intelligent 
and  effective  readjustment  may  be  accomplished  so  thai  the 
society  may  talce  Its  proper  place  In  the  larger  sphere  of  Influ- 
ence and  usefulness  now  opening  to  the  profession. 

Such  a  .survey  and  readjustment  can  be  accomplished  suc- 
ce.ssfully  only  with  the  aid  of  the  membership  throuKhout  the 
country. 

,\ny  steps  toward  chfenges  In  orgnnlzatlon  must  lead  to  a 
revision  of  the  constitution  of  the  society,  which  has  not  been 
materially  modltled  for  nuiny  years,  during  which  the  sorlely 
has  grown  rapidly  and  has  established  22  local  associations  of 
members. 


Tile  con.stltutlun  should  be  rev  ii^ed  only  after  securing  the 
views  of  the  membership  of  the  society  as  to  what  Its  purposes 
and  activities  should  be  and  as  to  the  Instrumentalities  through 
which  these  purposes  and  activities  should  be  carried  out. 

.\ny  changes  In  organization  must  take  Into  account  all  the 
conditions  above  Indicated,  and  also  the  relationship  of  the 
American  Society  of  Civil  i;n-.!lneers  to  other  engineering 
organizations  and    to   the   public. 

Therefore,  resolved,  that  a  committee  b«  created  to  report 
on  the  purposes,  field  of  work,  scope  of  activity  and  usefulness, 
organlzjitlon.  and  methods  of  work  of  the  American  Society  of 
Civil  Engineers,  and  to  make  recommendations  c-oncerning  these 
matters:  the  committee  to  consist  of  one  member  chosen  by  each 
local  association  of  members,  and  seven  members  at  large  ap- 
pointed  by   the  president. 

Resolved.  That  the  president  be  Instructed  to  select  from 
this  committee  an  executive  committee  of  not  less  than  five 
nor  more  than  nine  members  and  to  appoint  the  clutlrman  of  this 
e.'ceeutlve  committee,  who  shall  also  b«  the  chairman  of  the 
general  committee. 

Kesolved.  That  the  president  be  Instructed  to  prepare  a  pre- 
cept for  the  general  guidance  of  this  committee. 

Resolved,  That  this  committee  be  requested  to  present  to  the 
Board  of  lllrectlon  a  preliminary  report,  not  later  than  Nov.  1. 
191 S.  so  that  It  may  be  printed  and  distributed  to  the  member- 
ship m  advance  of  the  annual  meeting  In  January.  1^1!».  at 
wlilcl:     meetmg     It     will     l>e     presented     lor     discussion. 

Thi.s  resolution  makes  it  clear  that  a  majority  of 
the  Board  of  Directors  of  the  society  has  reached 
the  conclusion  that  the  time  has  come  for  the  society 
to  become  a  greater  factor  in  social  and  industrial 
affairs.  "The  engineer  has  been  a  leader"  in  social 
and  industrial  progress,  but  he  has  been  a  leader  by 
virtue  of  individual  ability  rather  than  because  of 
crganized  action  on  the  part  of  engineers. 

Until  very  recently  all  engineering  societies  have 
held  aloof  from  what  is  called  "political  affairs,"  and 
very  few  engineering  societies  have  given  much  con- 
sideration to  industrial  matters— .scientific  manage- 
ment and  the  like.  Individual  engineers,  here  and 
there,  by  sheer  force  of  their  own  determination  and 
skill,  have  made  themselves  managers  of  cities,  of 
industrial  plants,  of  mines,  and,  more  recently,  of 
war  activities.  Finally  these  engineers,  realizing  their 
weakness  when  acting  alone,  began  to  call  for  organ- 
ized aid  from  their  brother  engineers;  and  they  have 
not  called  in  vain.  First,  local  engineering  societies 
and  clubs  began  taking  part  in  local  politics.  This 
was  followed  by  similar  action  by  national  societies 
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now  and  again.  Then  the  Engineering  Council  came 
into  existence,  and  made  it  part  of  its  program  to 
guide  public  action.  Finally,  we  have  come  to  what 
promises  to  be  the  most  momentous  step  of  all — the 
entrance  of  the  oldest  national  engineering  society 
into  the  arena  as  an  active  champion  of  the  engineer 
as  an  industrial  and  social  leader. 

Sixteen  years  ago  the  chief  editor  of  Engineering 
and  Contracting,  then  one  of  the  editors  of  Engineer- 
ing News,  began  writing  a  series  of  editorials  urging 
engineers  to  enter  the  field  of  industrial  and  political 
management.  Upon  taking  charge  of  the  editing  of 
Engineering  and  Contracting  in  1906,  he  continued 
this  series  of  editorials,  and  broadened  its  scope.  For 
a  long  time  no  other  editor  joined  in  this  campaign 
to  induce  engineers  to  become  managers  and  lead- 
ers, and  not  to  remain  merely  technical  designers. 
But  the  soundness  of  this  editorial  policy  finally  be- 
gan to  arrest  the  attention  of  other  editors  of  engi- 
neering periodicals  and  ultimately  led  to  its  unani- 
mous support.  Yet,  so  slowly  do  long  established 
opinions  change  that  16  years  have  elapsed  before 
the  first  great  national  society  of  engineers  has  taken 
the  initial  step  toward  organized  support  of  the  engi- 
neer as  industrial  and  social  manager  and  leader. 

The  editor  trusts  that  his  readers  will  pardon  an 
expression  of  his  personal  elation  at  the  fruit  that 
has  sprung  from  an  editorial  seed  planted  16 
years  ago  and  sedulously  cultivated  through  all 
those  years.  Doubtless  some  other  editor  would  have 
planted  the  same  seed  ultimately,  for  it  was  the  des- 
tiny of  the  engineer  to  apply  science,  not  only  to  de- 
sign but  to  management.  It  was  the  editor's  good  for- 
tune to  have  been  among  the  first  to  see  the  first 
flush  of  the  dawn  of  a  new  era,  and  to  call  upon 
others  not  only  to  look  at  the  rising  sun  but  to  plant 
and  cultivate  the  soil  on  which  it  was  about  to  shine. 


Should  Government  Clerks  Have 

a  Shorter  Day  than  Other 

Clerks? 

Government  clerks  have  long  enjoyed  a  7-hour  day, 
or  an  hour  shorter  than  is  common  for  similar  em- 
ployes of  companies  and  individuals.  Congress  re- 
cently passed  a  bill  in  which  it  was  provided  that 
Government  clerks  should  work  8  hours.  The  presi- 
dent vetoed  the  bill  on  the  ground  that  he  had  already 
declared  his  policy  to  be  that  the  conditions  of  labor 
should  in  no  respect  be  altered  unfavorably  to  the 
laborers  because  of  war  requirements. 

The  president's  veto  of  this  bill  may  have  been 
right,  but  his  reason  for  it  will  scarcely  bear  exam- 
ination. It  is  one  thing  to  declare  against  requiring 
skilled  mechanics  and  laborers  to  work  9  or  10  hours, 
instead  of  8,  because  of  labor  shortage.  It  is  quite 
another  thing  to  oppose  a  law  requiring  Government 
clerks  to  work  as  many  hours  as  clerks  work  for  al- 
most all  other  employers  except  the  Government. 
There  never  has  been  a  sound  economic  reason  why 
Government  clerks  should  be  a  favored  class,  and 
Congress  had  finally  decided  to  rectify  the  inequity. 
The  president  ignores  this  inequity  in  writing  his 
veto,  and  appeals  to  a  policy  that  was  founded  on 
principles  both  of  equity  and  of  economics ;  for  the 
8-hour  day  is  not  only  economic  but  has  become  so 
widely  established  that  it  should  be  made  universal 
in  America  in  order  to  secure  equity.  The  president's 
veto,  in  fact,  is  directly  contrary  to  the  very  policy 


that  he  cites  in  its  support,  for  it  serves  to  maintain 
a  condition  of  inequality — a  7-h(^ur  day  for  Govern- 
ment clerks  when  the  general  practice  has  estab- 
lished an  8-hour  day. 

Those  who  favor  Government  ownership  of  pub- 
lic utilities  will  do  well  to  remember  such  facts  as 
this.  The  tendency  in  a  country  where  votes  largely 
determine  public  policies  is  to  give  the  voters  what 
ihey  want  regardless  of  equity  or  economics. 


Chinese  Poverty  Largely  Due  to 
Lack  of  Roads  and  Railways 

Before  China  can  enjoy  a  prosperity  worthy  of  the 
name,  a  great  mileage  of  roads  and  railways  must  be 
built.  A  good  road  can  be  built  in  China  for  about 
$5,000  a  mile.  A  narrow  gage  (24-in.)  railway  costs 
about  $8,000  a  mile,  and  has  a  very  limited  capacity 
compared  with  a  road.  Only  a  few  of  the  Chinese 
railways  are  standard  gage,  but  engineers  familiar 
with  Chinese  conditions  state  that  narrow  gage  rail- 
ways are  no  more  to  be  desired  in  China  than  in 
America,  as  an  economic  transportation  plant. 

With  good  roads  and  motor  truck  transportation, 
feeder  railway  lines  can  be  dispensed  with;  and,  for 
some  years  to  come,  only  main  line  railways  need 
be  built  in  China. 

Skilled  Chinese  mechanics  earn  25  ct.  a  day,  while 
the  wage  of  a  common  laborer  is  15  ct.  These  low 
wages  are  obviously  due  to  the  inefficiency  of  the 
average  workman.  The  inefficiency  is  not  the  result 
either  of  lack  of  physical  power  or  of  brains,  but 
comes  mainly  from  the  lack  of  labor  saving  plants 
and  tools  and  from  the  ignorance  of  managers. 

Nearly  all  roads  in  China  are  mere  footpaths  over 
which  man-pulled  wheelbarrows,  donkeys  and  mules 
carry  the  loads.  A  Chinese  wheelbarrow  carries  250 
to  800  lb.,  depending  on  road  conditions;  and  since 
the  wage  of  a  wheelbarrow  coolie  is  only  14  or  15  ct. 
a  day,  the  cost  of  haulage  is  4  to  12  ct.  per  ton-mile. 
A  mule  carries  180  to  250  lb.,  and  the  cost  of  trans- 
portation by  mule  averages  about  6  ct.  per  ton-mile. 
It  is  estimated  that  the  present  cost  to  the  Govern- 
ment for  freight  haulage  by  rail  averages  about  0.5 
ct.  per  ton-mile,  and  that  haulage  over  good  roads 
with  motor  trucks  would  not  much  exceed  this  cost. 

With  the  present  primitive  methods  of  transporta- 
tion it  is  evident  that  a  very  large  part  of  the  popu- 
lation must  be  engaged  in  moving  produce  from  place 
to  place.  Perhaps  half  the  workers  in  China  are  busy 
wheeling  and  carrying  things  about.  In  America  only 
7  per  cent  of  our  88,000,000  workers  are  employed  di- 
rectly in  transportation,  and  of  these  about  half  are 
steam  railway  employes.  If  we  include  those  who 
are  indirectly  engaged  in  transportation,  that  is  in 
mining  coal  and  metals  and  in  manufacturing  plants 
for  transportation  purposes,  about  10  per  cent  of  all 
cur  workers  are  occupied  in  transportation.  To  this 
should  be  added  the  time  of  farmers  spent  in  hauling 
crops,  etc.,  to  and  from  shipping  places.  If  we  esti- 
mate that  the  farmer  spends  one-sixth  of  his  time  in 
such  hauling,  then  less  than  2  per  cent  is  to  be  added 
to  the  10  per  cent,  making  a  total  of  12  per  cent  of 
our  total  working  time  spent  directly  and  indirectly 
in  hauling  produce  and  passengers  on  steam  and  elec- 
tric railways  and  in  horse-drawn  wagons,  motor 
trucks  and  delivery  autos. 

If  by  the  building  of  roads  and  railways  China 
could  release,  say,  35  per  cent  of  its  entire  working 
population  from  present  transportation  services,  and 
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divert   their,   to   manufacturing',   mininjt   and   agricul- 
ture, Chine.se  poverty  would  cease  to  e.xi.st. 

A  great  social  problem  confront.s  the  Chinese,  and 
they  .seem  to  be  about  to  undertake  its  .solution.  Once 
they  betrin  intelliKently  to  rescue  themselves  from 
penury,  American  engineers,  manufacturers  and  finan- 
ciers should  be  able  to  assist  them  beyond   mca.sure. 


How    to    Determine    Whether   a 
Crushed  Stone  Stock  Pile  Pays 

In  the  production  of  crushed  st<ine  throughout  the 
year  it  is  usually  profitable  to  provide  a  stock  pile,  in 
spite  of  the  extra  co.st  of  rehandling  the  stone.  The 
main  reason  for  this  is  that  a  smaller  (juarrying  and 
crushing  plant  working  continuously  will  produce  the 
desired  annual  output  at  less  cost  per  ton,  inclusive 
of  stock  pile  costs,  than  the  cost  per  ton  incurred  by 
a  larger  plant,  without  a  stock  pile,  working  below 
full  capacity  most  of  the  time. 

Electrical  engineers  use  the  term  "load  factor"  to 
denote  the  ratio  of  the  actual  annual  output  of  elec- 
tricity to  the  possible  full  capacity  output  of  a  plant. 
Thus,  an  electric  generator  of  1,000  kilowatts  capacity 
is  capable  of  generating  8.7G0,000  kilowatt  hours  of 
current  in  a  year  of  8,760  hrs.  (i.  e.,  24  hrs.  daily 
for  365  days).  If,  then,  such  a  generator  is  so  run 
as  to  generate  2,190,000  kw.  hrs.  in  a  year,  its  load 
factor  is  25  per  cent. 

Since  all  the  annual  "fixed  charges"  on  a  generating 
plant  are  independent  of  the  output,  it  follows  that  if 
the  load  factor  can  be  doubled,  the  fixed  charges  per 
kilowatt  hour  will  be  cut  in  two.  In  general,  then,  the 
cost  of  the  "fixed  charges"  per  unit  of  output  vary  in- 
versely with  the  load  factor.  This  holds  true  of  all 
plants,  and  serves  to  explain  the  economy  of  provid- 
ing a  stock  pile  for  a  crushed  stone  plant  that  can  be 
operated  the  year  around  at  a  uniform  weekly  out- 
put. 

Stone  can  usually  be  delivered  to  and  loaded  from  a 
stock  pile  at  a  cost  of  5  to  10  ct.  per  ton,  depending 
on  the  scale  of  operations  and  the  kind  of  plant  used 
for  stock  piling  and  rehandling.  Assuming  the  first 
cost  of  a  quarrying  and  crushing  plant  to  be  $80  per 
ton  of  daily  capacity,  and  that  interest,  depreciation 
and  taxes  are  20  per  cent  annually,  we  have  5.3  ct. 
per  ton  for  fixed  charges  on  a  plant  when  run  con- 
tinuously one  shift  every  day  for  300  days.  But  with- 
out a  stock  pile  continuous  operation  is  usually  im- 
possible. To  meet  the  "peak  demand"  for  stone  the 
plant  must  usually  be  fully  twice  the  capacity  re- 
quired under  continuous  (one-shift  daily)  operation. 
This  alone  adds  5.3  ct.  per  ton  of  stone  for  fixed 
charges  on  the  plant,  or  enough  to  cover  the  cost  of 
stock  piling  and  rehandling  under  ordinary  condi- 
tions. But  this  is  not  the  only  element  of  cost  af- 
fected by  the  "load  factor"  or  output  factor.  A  plant 
large  enough  to  take  care  of  peak  demands  for  stone 
must  necessarily  have  a  crew  of  men  capable  of  run- 
ning it  at  its  capacity,  and  most  of  this  crew  must  be 
kept  on  the  pay  roll  when  the  plant  is  operating  at  but 
a  fraction  of  its  capacity.  Some  of  the  crew  must  be 
paid  even  when  it  is  not  operating  at  all.  So  that 
either  failure  to  secure  freight  cars  regularly  or  a 
falling  off  in  immediate  demand  for  the  stone  results 
in  the  paying  of  full  wages  to  most  of  the  crew,  re- 
gardless of  the  low  output  of  the  plant. 

In  the  solution  of  a  problem  of  this  character  the 
first  step  is  to  estimate  the  total  annual  tonnage  of 
stone  to  be  delivered.  The  next  step  is  to  estimate 
the  maximum  deliverv  that  will  be  reejuired   for  any 
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-single  day,  al.so  for  any  single  week,  and  for  any 
single  month.  Then  estimate  the  first  cost  of  a  plant 
that  will  supply  the  maximum  daily  output  aided  by 
the  storage  capacity  of  the  bins,  but  unaided  by  a 
stock  pile.  Kstimate  the  operating  expenses,  interest 
and  depreciation  charges  for  such  a  plant  for  a  year, 
under  the  fluctuating  daily,  weekly  and  monthly  out- 
puts. Divide  this  total  co.st  by  the  total  annual  ton- 
nage and  ascertain  the  cost  per  ton.  Compare  this 
unit  cost  with  the  unit  cost  resulting  from  operating 
a  smaller  plant  continuously  with  the  aid  of  a  stock 
pile,  including  therein  the  interest  on  the  average 
amount  of  money  tied  up  in  the  stone  in  the  stock  pile. 
If  the  smaller  plant  with  the  stock  pile  shows  a  lower 
cost  per  ton  (as  it  usually  will)  than  the  larger  plant 
without  a  stock  pile,  then  it  is  obvious  that  the  smaller 
plant  is  more  economic. 


The  Enj^ineerinj^  Council  Opposes 
a  Bill  to  Abolish  Bonus 
Payments 

The  Engineering  Council  has  already  shown  its 
ability  to  act  promptly  and  intelligently  in  opposi- 
tion to  ill-advised  laws.  When  Congress  was  about 
to  pass  a  bill  prohibiting  the  payment  of  rewards  or 
bonuses  for  efficient  performance,  the  following  rese- 
lution  was  sent  by  the  Engineering  Council  to  each 
member  of  the  Senate  committee  on  naval  and  mili- 
tary affairs: 

When  a.-:.  The  winning  of  the  war  imperatively  demands 
hiKhost  eflUiency  and  nia.\lmum  production  In  ever)-  branch  of 
Industry,   and. 

Whereas.  We  are  Informed  that  Consress  has  under  con- 
sideration In  the  N'aval  and  Army  appropriation  bills  proposals  to 
prohibit,  diminish  and  condemn  the  payment  to  public  em- 
ployes or  to  employes  of  private  establishments  under  Govern- 
ment control  any  cash  rcuard.  premium  or  bonus  for  superior 
ser\'ice.  and. 

Whereas.  These  methods  if  applied  with  due  regard  to  wages. 
surroundings,  he.-tlth  and  safety  of  the  employes,  will  increase 
efllciency  and  production,  help  win  the  w^ar  and  preserve  our 
institutions:  be  it.  therefore. 

Resolved,  That  in  the  opinion  of  Engineerins  Council,  rep- 
resentint:  American  .Society  of  Civil  Engineers.  American  Institute 
of  Minini;  Kngineers.  American  Society  of  Mechanical  Engineers, 
and  American  Institute  of  Electrical  Engineers,  together  having 
33. MO  members,  it  Is  vital  to  the  winning  of  the  war  that  no 
legislation  or  other  measure  should  be  adopted  which  may  inter- 
fere with  highest  etflciency  and  maximum  production,  but  that 
on  the  <ontriir>-  every  proper  means  should  be  taken  ?o  Increase 
ettlclincy  and  production. 

Coming  from  the  representative  of  33,000  engi- 
neers, such  an  indorsement  of  the  bonus  system  of 
payment  is  very  impressive,  and  should  have  its 
effect  upon  Congress.  It  is  to  be  hoped,  however, 
that  the  Engineering  Council  will  not  let  the  matter 
rest  with  the  sending  of  this  resolution,  but  will  send 
a  committee  to  Washington  to  see  the  mi!itar>'  and 
naval  committees  of  both  houses  of  Congress,  and 
the  president  also.  No  slight  amount  of  educational 
work  will  be  necessary  to  convince  Congress  that 
the  labor  unions  are  wrong  in  their  contention  that 
piece-rate  and  bonus  payments  result  in  a  speeding 
up  of  work  that  is  injurious  to  the  health  of  the 
workmen.  Labor  unions  have  almost  always  op- 
posed any  system  of  payment  that  puts  a  premium 
on  efficiency,  and  have  contended  for  a  uniform 
wage  for  similar  occupations  regardless  of  efficiency. 

A  few  labor  unions,  notably  among  coal  miners, 
have  been  won  over  to  piece-rate  systems  of  payment; 
and  all  unions  will  ultimately  be  convinced  that  an 
application  of  the  fundamental  law  of  scientific  man- 
agement,   namely    "payment     in     proportion    to    per- 
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formance,"  will  be  even  more  beneficial  to  the  em- 
ploye than  to  the  employer.  The  great  majority  of 
engineers  have  no  ax  to  grind  in  contending  for  the 
universal  application  of  this  economic  law.  Hence 
both  Congress  and  the  labor  leaders  will  be  par- 
ticularly impressed  by  the  contention  of  the  Engi- 
neering Council  that  bonus  payments  "will  increase 
efficiency  and  production,  help  win  the  war  and  pre- 
serve our  institutions." 


The  "Employment  Manager"  Be- 
comes the  Soul  of  the  "Soul- 
less  Corporation" 

The  selection,  training  and  treatment  of  employes 
is  a  managerial  function  that  has  become  progres- 
sively more  important,  and  the  war  has  served  to 
emphasize  its  importance.  All  the  large  companies 
have  employment  managers  who  specialize  in  the 
problems  of  securing,  educating  and  keeping  em- 
ployes that  have  been  educated.  Thus  a  new  profes- 
sion, that  of  employment  rrianager,  has  evolved.  A 
National  Association  of  Employment  Managers  was 
organized  in  May,  and  members  of  that  association 
witnessed  the  graduation  of  24  young  men  who  had 
finished  a  course  in  employment  management  at  the 
University  of  Rochester,  Rochester,  N.  Y. 

These  graduates  are  the  scientifically  trained  pio- 
neers of  this  new  profession.  It  will  be  their  func- 
tion not  only  to  select  and  train  men  and  women  for 
industrial  occupations,  but  to  be  themselves  the  souls 
of  hitherto  "soulless  corporations."  To  them  will 
fall  the  duty  and  the  pleasure  of  improving  living 
conditions  for  employes,  of  guiding  them  toward  more 
wholesome  and  healthier  habits,  of  inspiring  in  them 
hope  of  a  progressively  better  mode  of  living,  and, 
finally,  of  showing  them  how  better  ideals  may  be 
realized. 

The  paternal  relationship  of  the  clan  leader  to  the 
clan  was  destroyed  when  the  factory  system  displaced 
the  feudal  system,  and  this  was  a  great  loss  to  hu- 
manity. Are  we  not  about  to  see  a  revival  of  the 
ancient  system  of  paternal  leadership,  wherein  the 
superior  wisdom  of  the  employer  is  not  devoted  solely 
to  his  own  personal  betterment  but  largely  to  the 
betterment  of  his  employes?  We  think  so.  Paternal 
and  fraternal  feelings  have  been  so  deeply  aroused 
by  war  conditions  that  we  may  reasonably  hope  to 
see  these  altruistic  feelings  remain  in  full  force  after 
the  war  ends. 

Employment  managers  of  the  right  type — the  type 
of  blended  science  and  sympathy — have  it  within 
their  power  to  make  employes  loyally  enthusiastic  be- 
cause they  feel  that  they  are  regarded  less  as  ma- 
chines than  as  men,  less  as  clods  to  be  harrowed  for 
profit  than  as  souls  capable  of  endless  progress. 


Breaking  Up  Frozen  Ground  for  Steam  Shovel 
Work. — A  14  to  18-in.  frost  crust  encountered  in  win- 
ter steam  shovel  work  was  effectively  broken  up  by 
boring  horizontal  holes  at  the  frost  line  and  blasting 
with  low  freezing  farm  powder.  The  holes  were 
spaced  on  S^^-ft.  centers  and  each  hole  loaded  with 
%  lb.  of  Du  Pont  farm  powder.  The  firing  was  done 
by  electric  battery.  The  charge  broke  up  the  frozen 
ground  so  that  it  could  be  handled  in  chunks  by  the 
steam  shovel. 


The  600  Ft.  Reinforced  Concrete 

Extension  of  N.  P.  Ry.  Ore  Dock 

at  Superior,  Wis. 

By  W.  D.  ENGELKE. 

Construction  was  completed  June  1,  1918,  on  a  600- 
ft.  reinforced  concrete  e.xtension  to  the  Northern  Pa- 
cific Ry.  Co.'s  ore  dock  at  Superior,  Wis.  The  addi- 
tion was  authorized  late  in  1916  and  was  commenced 
in  December  of  that  year.  The  extremely  late  spring 
and  scarcity  of  labor  in  1917,  however,  somewhat  de- 
layed the  progress  of  the  improvement. 

Old  Pockets  of  Structural  Steel,  New  Ones  of  Rein- 
forced Concrete. — The  old  dock  was  built  in  1913-14 
and  was  612  ft.  long.  It  contained  102  pockets,  51  on 
each  side,  holding  350  tons  of  ore,  making  a  total  of 
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35,700  tons  for  the  unit.  The  second  unit  just  com- 
pleted has  100  pockets,  50  on  each  side,  each  holding 
about  400  tons  of  ore,  making  a  total  of  40,000  tons 
for  the  unit.  The  old  or  first  unit  pockets  were  built 
of  structural  steel.  The  beams  forming  the  walls  and 
floors  were  filled  with  concrete  and  a  4-in.  hard  maple 
floor  laid  on  this.  The  bin  fronts  were  curved  sheet 
steel. 

The  new  pockets  are  built  entirely  of  reinforced 
concrete.  The  floors  are  of  slab  construction  12  in. 
thick  at  the  top  or  center  line  of  dock  and  18  in.  thick 
at  the  bottom  or  outside  of  dock. 

The  bin  walls  between  pockets  are  16  in.  thick  and 
the  front  walls  on  outside  are  10  in.  thick.  The  dock 
i.?  built  in  sections  of  10  double  pockets  each,  making 
each  section  120  ft.  long,  separated  by  e.xtension  joints 
extending  through  the  entire  structure. 
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DtKir  and  Chutf  Kquipment. — Both  units  of  the  dock 
pre  e(iuippi'ii  with  the  "Dickinson"  doors.  The  new 
doors  are  7  ft.  wide  and  for  this  reason  the  trouble 
caused  by  clogKii'K  ore  is  e.\pected  to  be  overcome. 
The  doors  are  opened  and  closed  by  a  drum  and  cable 
device  located  on  top  of  the  dock,  making  it  unneces- 
sary   for  any   one   to   be  at   the   doors    except    when 


•xit-r 


Typical    Half    Transverse    Section    of    Foundation. 

"punching"  ore.  A  test  was  made  of  one  of  the  new 
pockets  and  8  cars,  about  320  gross  tons,  were  emp- 
tied into  a  boat  in  1  minute. 

The  chutes  or  spouts  are  of  sufficient  length  and 
movement  to  enable  the  largest  or  smallest  boat  to 
load  when  alongside  and  to  permit  placing  the  ore  in 
any  part  of  the  hold. 
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Typical   Cross   Section   of   Ore    B 


Method  of  Constructing  Ore  Dock  E.xtension. 
Timber  Crib  Huilt  on  Ice.— A  trench  70  ft.  wide  was 
dredged  out  to  a  depth  of  25  ft.  Then  a  crib  built  of 
12-in.  X  r2-in.  fir  timbers  laid  on  top  of  each  other 
and  drifted  bolted  together  and  tied  across  was  started 
on  the  ice.     When   built  up  6  ft.  it  was  cut  through 


the  ice  and  additional  courses  added  until  a  depth  of 
25  ft.  was  reached.  In  order  to  sink  the  crib  sand 
pockets  were  constructed  on  either  side  72  ft.  apart, 
and  sand  was  hauled  out  on  the  ice  by  team  and 
shoveled  in  by  hand.  After  the  crib  was  sunk  into 
place  two  swing  lead  pile  drivers  were  used  to  drive 
the  3, GOO  white  and  Norway  pine  piles  of  from  54  to 
GO  ft.  in  length. 

Methctd  of  Cutting  Holes  Through  Ice  for  Piling. — 
As  the  ice  around  the  dock  site  was  about  5  ft.  thick 
it  was  quite  a  problem  to  get  holes  cut  through.  To 
accomplish  this  a  1-in.  gas  pipe  was  bent  to  form  a 
circle  18  in.  in  diameter  with  a  stem  6  ft.  long  ex- 
tending up,  to  which  a  1-in.  steam  hose  was  attached. 
The  bottom  of  the  circle  was  perforated  with  'n-in. 
holes  3  in.  apart.  With  this  apparatus  it  was  possible 
to  thaw  a  hole  20  in.  in  diameter  through  5  ft.  of  ice 
;n  from  4  to  5  minutes.  A  pair  of  ice  tongs  were  used 
to  lift  out  the  "core"  and  permit  the  pile  to  go 
through. 

Circular  Saw  Used  to  Cut  Off  Piles  Kebm  Water 
Line.^In  driving  the  piling,  the  sand  pocket  spaces 
were  skipped  until  after  all  the  other  piles  were 
driven  and  the  crib  filled  to  within  about  10  ft.  of 
the  top  with  sand.  Then  the  piles  were  driven  through 
the  bottom  of  the  sand  pockets.  After  all  the  piling 
was  driven  the  crib  was  filled  level  full  of  sand,  and 
the  piles  were  cut  off  1  ft.  below  the  water  line,  even 
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Pedestal    and    Column    Construction    and    Form.     Concrete    Plant 
on   Right. 

with  the  top  of  the  crib.  To  do  this.  The  Whitney 
Bros.  Co.  of  Superior,  Wis.,  used  a  large  circular  saw. 
48  in.  in  diameter,  ^  ■>  in.  thick,  mounted  on  a  large 
scow  and  driven  by  a  steam  engine.  With  this  ar- 
rangement as  Tiiany  as  500  piles  were  sawed  off  in 
10  hours. 

Fenders  and  Concrete  Mattress  Foundation. — The 
outside  fender  forms  were  then  set  in  place  on  the 
outside  crib  wall  and  the  3-ft.  concrete  mattress  foun- 
dation was  placed,  care  being  taken  to  prevent  wash- 
ing when  placing  concrete  in  water.  After  the  mat- 
tress was  poured  the  pedestals  and  balance  of  fender 
was  poured,  after  which  the  columns  and  pockets 
were  poured.  Two  complete  double  pockets  were 
poured  at  each  run,  the  total  concrete  amounting  to 
about  350  cu.  yd.  Construction  joints  were  made 
through  center  of  pocket,  by  bulkheads. 

The  steel  "1"  beams  were  then  placed  on  bearing 
plates  on  top  of  the  bin  walls  and  held  in  place  by 
anchor  bolts.  Then  the  bin  mouths,  chutes,  hoists, 
motors,  handrails,  walks,  etc.,  were  placed. 
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Forms  Handled  by  Derricks  and  Locomotive  Crane. 

— The  fender  forms  were  handled  with  a  derrick 
scow.  The  pedestal  and  column  forms  were  handled 
with  a  Brownhoist  locomotive  crane  run  on  a  tem- 
porary track  constructed  in  the  center  of  the  dock  by 
placing  timber  bents  on  the  mattress  and  using  the 
new  steel   "I"  beams  for  stringers. 

The  lower  or  under  forms  of  the  pockets  and  out- 
side wall  forms  were  handled  with  a  stiff  leg  derrick, 
80-ft.  boom,  mounted  on  a  track  on  top  of  the  col- 
umns. The  inside  pocket  forms  were  handled  with  a 
stiff  leg  derrick,  80-ft.  boom,  mounted  on  a  track  on 
top  of  the  bin  walls. 

Handling  Sand  and  Gravel  for  Concrete. — The  sand 
and  gravel  were  delivered  in  hopper  bottom  or  ballast 
cars  on  a  track  constructed  under  the  old  part  of  the 
dock.  A  hoisting  engine  was  used  to  draw  the 
loaded  cars  up  an  incline  to  the  top  of  the  gravel 
bins.  The  sand  or  gravel  as  needed  was  delivered 
.through  openings  in  the  bottom  of  the  bins  onto  a 
16-in.  conveyor  belt  running  the  entire  length  under 
the  gravel  bins.  This  delivered  the  material  onto  a 
transverse  belt  conveyor  and  this  in  turn  delivered 
onto  a  belt  conveyor  running  the  entire  length  of  the 
dock  on  the  fender.  This  conveyor  then  delivered  the 
material  onto  a  link  belt  bucket  conveyor  which  placed 
it  in  bins  constructed  over  the  concrete  mi.xer.  A 
movable  trip  made  it  possible  to  spot  the  scow  con- 
taining the  concrete  plant  at  the  most  convenient  lo- 
cation. 

Concrete  Plant. — The  concrete  plant  was  mounted 
on  a  scow  32  ft.  .x  80  ft.,  which  was  rather  small  for 
storing  sufficient  material  to  work  to  the  best  advan- 
tage. The  concrete  plant  consisted  of  a  -'j-yd.  Lake- 
wood  mixer  and  an  Insley  type  tower  130  ft.  high 
with  a  suspended  bracket  and  boom  which  supported 
the  concrete  hopper  and  chute.  With  this  arrange- 
ment the  chute  could  be  raised  and  lowered  to  the 
proper  height  for  pouring  foundation,  columns  or 
brackets.     The  following  materials  were  used: 

Timber  in  crib,  900,000  F.B.M.  Washington  fir; 
cement,  29,000  bbl.;  reinforcing  steel,  635  tons,  %-in. 
to  IVs-in.,  all  deformed  bars;  structural  steel,  1,200 
tons,  furnished  by  the  American  Bridge  Co.  The 
motors  and  hoists  were  furnished  by  Clyde  Ii'on 
Works  of  Duluth,  Minn. 

The  dredging  was  done  by  the  Zenith  Dredge  Co. 
of  Duluth,  with  the  "Alice  Vivian"  hydraulic  dredge. 
The  electrical  work  was  done  by  the  Northern  Elec- 
tric Co. 

The  contract  was  on  a  unit  price  basis,  the  rail- 
way company  furnishing  all  material  except  the  sand 
and  gravel.  This  was  supplied  by  the  Zenith  Con- 
crete Gravel  Co.  of  Carlton,  Minn.  The  total  cost  of 
the  extension  was  about  $750,000. 

The  general  contractor  was  the  Simms,  Helmers  & 
Schaffner  Co.  of  St.  Paul.  Mr.  N.  F.  Helmers  was  in 
charge  of  the  work  for  the  contractor.  Mr.  P.  W. 
Stickney,  Assistant  Engineer,  represented  the  rail- 
way company. 


$200,000,000  Proposed  for  Power  Plant.— William 
Potter,  Pennsylvania  State  Fuel  Administrator,  has 
notified  Dr.  Harry  A.  Garfield,  National  Fuel  Admin- 
istrator, that  special  legislation  for  the  appropriation 
of  $100,000,000  to  finance  huge,  new  power  plants  is 
imperative  if  coal  mining  in  Pennsylvania  fields  is  to 
be  kept  up  to  the  requirements.  Already  a  bill  ap- 
propriating $200,000,000  for  increased  power  produc- 
tion is  in  preparation,  and  will  be  introduced  soon  into 
Congress. 


Methods  and    Cost  of    Stocking 
Bituminous  Coal 

An  interesting  experiment  is  being  carried  out  at 
the  University  of  Illinois,  Urbana,  HI.,  in  the  stocking 
of  Illinois  coal.  The  methods  employed  in  the  work 
are  described  in  a  192-page  bulletin,  "The  Storage  of 
Bituminous  Coal,"  issued  recently  by  the  Engineering 
Experiment  Station  of  the  University.  This  Bulletin, 
prepared  by  H.  H.  Stock,  Professor  of  Mining  Engi- 
neering at  the  University,  is  a  very  complete  review 
of  modern  practice  governing  the  storage  of  coal. 

The  annual  coal  consumption  of  the  University  is 
about  30,000  tons,  the  daily  minimum  being  50  tons 
and  the  maximum  150  tons.  For  several  years  it  has 
been  customary  to  stock  from  4,000  to  5,000  tons  on 
the  ground  in  piles  about  12  ft.  high.  The  coal  is 
thrown  by  hand  from  railroad  cars  upon  the  pile,  dis- 
tributed by  scrapers,  and  then  hauled  by  wagons  to 
the  power  house.  At  times  fires  have  occurred  in 
these  piles. 

At  the  present  time  an  area  114  by  196  ft.  is  being 
used,  and  since  this  space  was  formerly  used  for  ten- 
nis courts,  the  base  is  of  firm,  smooth  clay.  The  stor- 
age space  has  on  three  sides  a  plank  fence  7  ft.  high, 
the  posts  being  tied  by  wire  rope  to  pegs  within  the 
enclosure.  When  the  enclosure  is  filled  to  a  depth 
of  15  ft.  it  contains  about  10,000  tons.  This  storage 
plat  is  about  1,000  ft.  from  the  power  house  where 
coal  is  received  and  in  which  is  located  the  machinery 
for  the  necessary  crushing  and  screening  of  the  coal 
prior  to  storage.  The  coal  is  dumped  from  coal  cars 
into  a  track  hopper  from  which  it  is  elevated.  When 
intended  for  storage,  the  coal  is  diverted  from  the 
bunkers  which  feed  the  boilers.  If  the  coal  consists 
of  screenings  or  the  size  of  lump  desired  for  storing, 
the  railroad  car  dumps  it  into  a  pit  from  which  it  is 
elevated  to  a  bin  and  then  discharged  into  an  end 
dumping  motor  truck.  If  lump  coal  or  a  size  not  de- 
sired for  storing  is  received,  it  is  crushed,  if  neces- 
sary, and  screened;  then  by  means  of  the  storage  truck 
which  holds  3H>  tons  it  is  taken  to  the  storage  ground. 

At  the  storage  plant  a  truck  running  on  the  ground 
first  builds  up  a  bed  of  coal  from  2  to  5  ft.  thick  from 
the  fence  toward  the  center.  When  this  center  be- 
comes too  small  to  provide  space  of  handling  the 
truck,  the  operation  continues  on  top  of  the  first 
layer  already  in  place,  and  a  second  layer  is  simi- 
larly deposited,  the  bed  thus  being  built  layer  upon 
layer.  To  permit  the  truck  to  work  on  top  of  the  pile 
of  coal  a  track  is  built  of  pieces  of  scrap  plank,  2  by 
3  ft.,  woven  together  with  galvanized  wire  or  cable. 
The  cable  is  more  flexible  but  more  costly  than  the 
wire.  This  track  is  in  sections,  of  from  5  to  8  ft., 
and  two  lines  are  laid  on  which  the  truck  runs.  A 
track  of  wire  fencing  has  been  tried,  but  it  is  not 
stiff  enough  to  provide  a  satisfactory  running  base 
for  the  truck. 

An  effort  is  made  in  storing  the  coal  to  have  it 
thoroughly  packed  and  to  exclude  the  air  as  much 
as  possible.  Regular  temperature  observations  are 
taken  with  an  iron  rod.  This  method  differs  from  the 
ordinary  pile  storage  in  the  tamping  of  the  fine  coal 
to  exclude  the  air. 

A  plank  track  for  the  truck  is  laid  between  the 
storage  pile  and  the  power  house,  and  by  rapid  load- 
ing and  fast  driving  a  round  trip  is  made  in  from  7 
to  8  minutes;  thus  19  tons  are  stored  per  hour.  Three 
men  ai-e  used  on  the  pile  for  cleaning  out  the  truck 
and  spreading  the  coal.     The  coal  is  separated  into 
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two  parts,  screenings  being  placed  on  one  side  of  the 
ttorage  space  and  lump  coal  on  another,  but  the  two 
piles  come  together.  The  coal  is  reclaimed  with  an 
electrically  operated  Jeffrey  wagon  and  truck  loader. 
The  e.\penses  of  handling  are  given  in  the  follow- 
ing statement: 

i;xi-K.\si;   i>F    n.v.vi'Li.Ni:    c>.\u   at    rNi\Ki;.>*iTV    <>k 

UJ.INOIS    i-owici;    ri-.V.NT. 
Kxpensp  of  latior  for  unloudInK  <-"iil  l«rr  ion  by  hand  from  llui 
iKittom  cars  at   hoppvr   with   labor  nt   :;i  ot.   pi-r  hour. 

Liiir.p  coal   10.10 

Soreenlnus   0  OR 

(With  iiioti  r  truck  based  on  16  tons  per  hour  aiul  on  2  blnckH 
haul) 

Exp<-ni!e  of  lalior  anil  teams  for  loadlne  screonlnKM  by  hand 
and  haultnK  in  wuKons  from  storaKo  pllo  to  track  hopper  31)0  to 
.tttU  ft.  awa.v.  per  ton. 

Latior    10.13 

Team     0.07 

Total     $0.20 

Kxpen.se  of  labor  and  team  for  unloading  screenings  from 
lK)ttom  dump  cars  to  hopper  and  for  loadlni;  wagons  from  over- 
1  I  ad  bunker  and  haullne  to  storage  pile,  300  to  oOO  ft.  away,  per 
ton. 

LJibor    Jfl.OS 

Team     0.03 

Total     .$0.11 

One  teaii  will  haul  20  tons  per  hour  to  storage  If  loaded  from 
overhead  bunker  and  will  return  1%  tons  per  hour  from  storage 
pile  to  hopper  If  loaded   by   hand. 

KXr  ENSE  OF  STORING  COAL.  WITH  TRUCK. 
(Truck    will    handle    19    tons    per    hour.) 

Expense  of  haiillnp  coal   with    truck $O.0.S 

Expense  of  trimming  pile.   Iniildintr  roads,  etc 0.06 

i:.xpense   of   uniiiading    lump   coal    by    hand    from    nat    bottom 

lars.    crushins.    elevating    and    loading    trucks 0.20 

K.xtH-nse  of   unloadins   screeMin;;s   by   hand    from    flat    bottom 

ciir.s.    elevating    and    loading    trucks 0.13 

Expen.«e  of  unloading  .screenings  from  bottom  of  dump  cars, 

elevating    and    unloading    trucks 0.07 


Total  J0.21— 0.54 

EXPENSE   OF   REMOVING    CO.VL.   FROM    STORAGE. 
nan  rimning   loader   at    30    ct.    per   hour $0.30 


1  man  runnmg  truck  at   30  ct.   per  hour 

1  man  k'veling   load    at    3n    ct.    per   hour 

1  man  at   top  of  pile  at  30  ct.   per  hour 

;  men  at   plant   hopper  at   30  ct.   per  hour... 

2  men  at   feeding  loader   at   30  ct     per  hour. 


0.30 
0.30 
0.30 
O.fiO 

0.60 

Truck  op.-ration  and   maintenance 0.60 


Drilling  Rig  Mounted  on  Rollers 

A  special  drill  rig  mounted  on  rollers  has  proved 
very  efficient  at  the  ciuarries  of  Evert  P.  Maule,  at 
Ojus,  Fla.  The  rig  is  built  exactly  like  a  pile  driver, 
the  steam  drills  sliding  up  and  down  in  the  leads  in 
the  same  manner  as  a  drop  hammer.  The  drill  is 
raised  by  means  of  a  block  and  tackle  using  '^.-in. 
rope  on  a  drum,  which  a  driller  handles.  The  steam 
drill  is  bolted  to  a  frame  to  give  it  extra  weight.  This 
frame  has  channels  to  fit  the  leads.  The  rig  is  moved 
quickly  on  its  rollers  from  hole  to  hole  and  long  bits 
are  used,  thus  saving  the  time  lost  in  changing  bits. 
Mr.  Maule  states  that  with  the  rig  he  is  able  to  do 
about  twice  the  ordinary  amount  of  drilling  that  could 
be  done  with  the  usual  outfit. 


70  Per  Cent  of  Levee  Construction  in  Louisiana 
Done  with  Power  Driven  Machinery. —  Levee  construc- 
tion involving  2:5, 11. '5,268  cu.  yd.  of  earth  work  was 
carried  out  in  Louisiana  during  the  two  years  end- 
ing April  20  last.  Of  this  work  70  per  cent  was  ac- 
complished by  power  driven  machinery,  24  per  cent  by 
mules  and  scrapers  and  6  per  cent  by  men  with  wheel- 
barrows. The  unit  costs  b.v  these  methods,  accord- 
ing to  the  last  annual  report  of  the  Board  of  State 
Engineers  were  as  follows: 

rcTii    yd. 

I'riwer   driven    machinery }0.1'-M 

Miile.s  and   scrapers 2204 

Men    with    wheelbarrows 2291 

The  work  included  the  buildin^r  of  65.17  miles  of 
new  levee  and  the  enlargement  of  232.42  miles  of  old 
levee. 


Concrete    Roiulbed    on   Northern 
Pacific  Ry. 

An  experimental  concrete  roadbed  has  been  laid  by 
the  Northern  Pacific  Ry.  on  a  new  line  between  Ta- 
coma  and  Tenio,  Wash.  The  section  was  built  in  a 
gravel  cut  in  the  summer  of  11)14.  and  while  sufficient 
time  has  not  elapsed  fully  to  test  its  ultimate  econ- 
omy, it  is  reported  satisfactory  as  a  whole.  Some 
minor  changes  will  be  made  when  more  concrete  road- 
bed is  built.  The  construction  is  described  in  a  re- 
cent issue  of  Concrete,  to  which  we  are  indebted  for 
the  matter  in  this  article. 

Figure  1  shows  the  construction.  The  slab  is  ap- 
proximately IG  in.  thick,  reinforced  both  ways.  It  is 
placed  in  33-ft.  sections,  separated  by  an  interlock- 
ing expansion  joint  filled  with  mastic. 

The  attaching  and  cushioning  of  the  ties  is  provided 
in  an  ingenious  manner.    Castings,  made  in  three  sec- 
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Fig.   1 — Detail  of  Concrete   Roadbed  Construction. 

tions  for  removal,  are  suspended  rigidly  and  in  ex- 
act alignment  by  overhead  form  members.  Each  cast- 
ing is  held  by  two  1-in.  bolts. 

The  forms  were  not  es.sentially  different  from  those 
used  on  street  and  curb  work  except  for  suspension 
members  for  holding  and  removing  the  cast  iron  core 
forms.  When  concrete  has  been  placed  the  nuts  on 
the  bolts  suspending  the  cores  are  run  up  4  in.,  the 
supporting  members  raised  and  rebolted  and  the  cores 
drawn  steadily  and  in  an  exactly  vertical  plane  by 
the  screws. 

Drainage  is  provided  by  2-in.  weep  holes,  18-in.  o. 
c,  through  the  curbs.  The  rails  are  secured  to  8-in.  x 
8-in.  X  20-in.  block  cut  to  correspond  to  the  holes.  The 
blocks  rest  on  a  S-in.  sand  cushion. 

The  blocks  are  set  in   place  on  the  sand  cushion; 

rails  temporarily  placed  and  a  locomotive  runs  over 

them  thoroughly  to  settle  the  blocks.    The  blocks  are 

then  finally  aligned  anil  keved  bv  driving  2-in.  x  8-in. 
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blocks.    Exact  lateral  adjustment  is  provided  by  shims. 
The  specifications  provide  instruction  as  follows: 

Concrete— All  concrete  to  be  1:8:5  mixture,  conforming  to  the 
requiienients  of  the  ».,  P.  Ry.  specifications  for  bridge  sub- 
structures. 

Reinforcing  Rods— All  reinforcing  rods  to  be  deformed  high 
•elastic  limit  bars  conforming  to  the  requirements  of  the  N.  P. 
Ry.  specifications. 

Construction — Dress  .sub-grade  to  the  slope  shown  and  set 
:side  forms  and  skeleton  top  forms  to  hold  tie  pocket  core  forms. 
Place  and  wire  steel  reinforcement.  If  sub-grade  is  gravelly. 
the  entire  surface  inside  the  forms  shall  be  thoroughly  wet 
■down  immediately  previous  to  pouring  concrete,  and  the  bottom 
layer  of  concrete  shall  be  mixed  with  an  excess  of  mortar. 
Concrete  shall  be  mixed  wet  enough  to  fill  out  the  forms  and 
get  good  bond  on  the  reinforcement  but  care  must  be  taken  to 
avoid  an  exce.ss  of  water  which  would  interfere  with  finishing 
the  top  surface.  The  top  surface  of  slab  to  be  floated  to  a 
smooth,  uniform  slope  to  the  drain  holes.  At  alternate  third 
points  of  slab  space  between  three  ties  to  be  troweled  out  to 
clear  an  Abbott  rail  joint  plate,  and  drain  holes  lowered  to 
correspond. 

Track  Laying — Put  in  a  layer  of  torpedo  sand,  approximately 
3  in.  thick,  in  each  tie  pocket,  and  level  oft  to  true  grade. 

Set  in  the  S  in.  by  8  in.  tie  blocks,  omitting  lining  shims  and 
key  blocks.  Lay  tie  plates  and  rails,  omitting  all  screw  spikes. 
Run  a  hea\'y  engine  back  and  forth  along  the  track  until  all 
blocks  are  thoroughly  settled  into  place.  If  necessary,  reline  and 
resurface  and  repeat  until  track  remains  in  true  surface  and 
alignment,  then  fit  m  key  blocks,  and  if  necessary  to  secure 
tight  fit  and  beai-ing,  put  in  lining  casting  and  lining  shims. 
Finish  rail  fastening  by  adding  two  screw  spikes  to  each  tie 
plate.     Mastic  to  be  composed  of  1   part  asphalt  to  4  parts  sand. 


Blasting  Down   Clay  Bank 

In  the  construction  of  a  road  near  St.  Marys,  Md., 
it  was  necessary  to  move  a  bank  of  clay  about  400  ft. 
long  and  10  to  12  ft.  high,  with  an  almost  perpendicular 
face.  The  clay  was  very  hard  and  difficult  to  pick  so 
it  was  decided  to  blast  down  the  bank  and  move  the 
dirt  with  scrapers.    The  work  was  handled  as  follows: 

Five  feet  back  from  the  edge  or  face,  holes  5  ft. 
deep  and  5  ft.  apart  were  put  down  with  an  earth 
auger.  A  6-hole  test  shot  was  fired  to  see  if  the 
spacings  were  right.  Electric  blastings  caps  were 
used.  Four  cartridges  (2  lb.)  of  30  per  cent  dyna- 
mite were  loaded  into  each  hole.  The  charges  were 
tamped  in  tightly  so  as  to  get  the  full  force  of  the 
*ftlots,  and  were  fired  with  a  standard  blasting  ma- 
chine. 

In  charging  the  holes  the  cartridge  paper  was 
slit  so  that  the  dynamite  could  be  packed  more  closely 
into  the  bottom  of  the  hole;  that  is,  this  was  done  with 
the  first  three  cartridges  loaded  in  the  hole.  The  top 
cartridge  containing  the  cap  was  not  so  treated. 
Loading  in  this  way  made  it  possible  to  get  more  tamp- 
ing over  the  charges,  thus  confining  them  better  and 
giving  better  execution. 

After  the  shot  it  was  found  that  the  top  of  the  bank 
had  been  blown  off,  but  the  ground  had  not  been 
loosened  up  down  to  the  desired  depth.  On  the  next 
shot  the  holes  were  slanted,  making  the  bottom  of  the 
borehole  nearer  the  face  of  the  bank  than  the  top. 
This  reduced  the  burden  of  earth  to  be  lifted  and 
loosened. 

The  work  was  completed  in  ten-hole  sections,  as 
that  was  the  capacity  of  the  blasting  machine.  The 
work  was  finished  in  less  than  two  days,  using  200  lb. 
of  dynamite  and  82  electric  blasting  caps.  The  con- 
tractor estimated  that  the  entire  cost  of  the  work  was 
about  one-third  what  it  would  have  been  had  laborers 
been  employed  to  pick  the  clay  loose. 


A  $250,000  drainage  job  near  Greenville,  Miss.,  has 
been  awarded  at  12  ct.  per  cubic  yard.  Work  calls 
for  70  miles  of  12  to  20-ft.  bottom  ditches. 


The  American  Railway  Commis- 
sion and  Russian  Railroads 

The  American  Railway  Commission,  appointed  at 
the  request  of  the  Kerensky  Provisional  Government 
to  advise  with  Russian  railway  officials,  was  the  first 
Government  board  sent  by  this  country  to  Russia  after 
the  revolution  of  March,  1917.  The  commission,  con- 
sisting of  John  F.  Stevens,  chairman;  Henry  Miller, 
George  Gibbs,  W.  L.  Darling,  and  J.  E.  Greiner,  all 
experienced  railroad  engineers,  arrived  in  Vladivo- 
stok on  May  31,  1917.  The  conditions  found  by  the 
commission  were  described  by  Mr.  Greiner  in  an  ad- 
dress delivered  recently  before  the  Engineers'  Club 
of  Baltimore,  from  which  the  matter  following  is  ab- 
stracted. 

General  Facts  of  Russian  Railroads. — During  the 
spring  of  1917  the  total  mileage  of  all  government 
and  private  railways  in  European  and  Asiatic  Rus- 
sia (exclusive  of  Finland)  was  approximately  43,300, 
of  which  amount  about  75  per  cent  was  single  track 
and  25  per  cent  was  double  track.  The  Germans  had 
taken  possession  of  4,000  miles  and  this  left  39,300 
miles  still  under  the  control  of  the  Russian  Govern- 
ment. In  addition  there  was  under  construction  and 
under  consideration  about  9,700  miles  of  new  lines, 
parts  of  which  were  in  temporary  operation  along  the 
front.  The  total  length  of  the  railways  examined  by 
the  commission  as  a  body  was  8,235  miles  or  about 
21  per  cent  of  all  the  lines  under  control  of  the  Rus- 
sian government  at  that  time. 

The  so-called  Trans-Siberian  Ry.,  while  a  continu- 
ous line  of  tracks  from  Vladivostok  to  Petrograd  and 
to  Moscow,  is  not  by  any  means  a  single  railway  as  is 
usually  suppo.sed  by  Americans.  The  line  to  Petro- 
grad is  made  up  of  six  different  railways  under  sep- 
arate and  distinct  managements,  subject  only  to  a 
general  control  at  Petrograd.  There  is  a  double  track 
between  Vladivostok  and  Nikolsk,  a  distance  of  68 
miles;  then  a  single  track  between  Nikolsk  and  Ka- 
taisky,  a  distance  of  1,237  miles;  then  a  double  track 
(with  the  exception  of  a  few  bridges)  between  Ka- 
taisky  and  Omsk,  a  continuous  stretch  of  2,261  miles; 
between  Omsk  and  Petrograd  there  is  a  continuous 
single  track  of  1,869  miles.  This  gives  a  total  length 
of  continuous  line  between  Vladivostok  and  Petro- 
grad of  5,435  miles. 

The  double  track  railway  on  the  Trans-Siberian  be- 
tween Kataisky  and  Omsk,  a  continuous  stretch  of 
2,261  miles,  is  the  longest  continuous  double  track 
line  of  railway  in  the  world.  The  distance  from  Vladi- 
vostok to  Petrograd,  namely,  5.435  miles  of  continuous 
railroad,  is  about  1^'i  times  the  distance  from  New 
York  to  San  Francisco  by  the  shortest  route,  and  is 
about  1^2  times  the  length  of  the  Canadian  Pacific 
from  its  eastern  to  its  western  terminal.  If  the  new 
Amur  Line  be  considered  as  a  second  track,  which  to 
all  practical  purposes  it  is,  then  the  Trans-Siberian 
Ry.  is  a  double  track  from  Vladivostok  to  Omsk,  a  dis- 
tance of  about  3,566  miles,  which  is  greater  than  the 
distance  across  the   American   continent. 

Condition  of  the  Russian  Railways. — There  were  on 
the  railways  at  the  time  of  the  inspection  about  17,- 
600  locomotives,  or  about  1  to  2.1  miles  of  road  as 
against  1  to  4  miles  in  America;  and  the  average  age 
of  all  was  about  24  years.  On  some  parts  of  the 
Trans-Siberian,  locomotives  use  wood  for  fuel,  and 
on  other  parts  coal,  there  being  perhaps  15  per  cent 
of  the  locomotives  in  service  burning  wood.  The  most 
numerous  class  of  freight  locomotives  is  a  4-axle  en- 
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gine  weighing  from  50  to  52  tons,  and  the  heaviest 
engines  in  service  are  the  American  Decapods  weigh- 
ing 90  tons  with  a  very  few  Mallet  type  weighing  124 
tons. 

There  was  a  comparatively  large  percentage  of  lo- 
comotives in  bad  order,  and  it  was  estimated  by  the 
i'Uthorities  that  in  order  to  replace  the  worn-out  lo- 
comotives and  meet  the  reiiuirenients  for  the  next  5 
years  of  normal  business,  Russia  will  require  yearly 
2,250  freight  engines  and  750  passenger  engines.  There 
were  about  590,000  freight  cars,  about  13.000  of  which 
are  American  bo.x  cars  or  gondolas  and  the  balance 
of  them  4-wheel  Russian  wagons  of  about  16  tons'  ca- 
pacity. 

The  car  shortage  was  estimated  to  be  88,000.  The 
railway  shops  are  old  and  somewhat  antiquated  in  ar- 
rangement and  equipment,  most  of  the  buildings  hav- 
ing been  constructed  25  years  ago. 

The  bridges  are  generally  of  a  good  design,  being 
riveted  types  of  structure  of  German  pattern.  There 
are  a  number  of  them  over  40  years  old  doing  good 
service.  They  are  kept  in  good  repair,  but  these  very 
old  bridges  limit  the  weight  of  locomotives  which  can 
be  operated  over  them.  On  the  Trans-Siberian  Ry. 
there  are  some  bridges  which  have  seen  a  service  of 
33  years.  They  were  designed  for  very  light  engines, 
end  the  most  effective  engine  in  service,  the  American 
Decapod,  weighing  90  tons,  was  not  permitted  to  op- 
erate over  them  regularly. 

The  rails  on  the  Nicholas  Ry.  between  Petrograd 
and  Moscow  are  about  85  lb.,  while  on  the  other  roads 
the  usual  rail  was  from  65  to  67  lb.  The  ballast  was 
generally  gravel  and  the  road-bed  and  track  were  in 
fair  condition  throughout.  The  Nicholas  Ry.  will  com- 
pare favorably  with  the  Lackawanna  as  to  service  con- 
ditions. All  the  other  railways  examined  were  in  a 
good  state  of  maintenance.  The  .standard  gage  is  5 
ft.  for  all  railroads  except  a  few  minor  branch  lines 
which  have  a  narrow  gage  of  1  meter.  The  joints  are 
laid  opposite  instead  of  being  staggered  as  in  America. 

There  was  no  snow  trouble  for  the  easterly  2,550 
miles  of  the  Trans-Siberian  Ry.,  or  for  a  distance  of 
400  miles  west  of  Irkutsk;  and  from  that  point  west 
there  were  no  evidences  from  the  track  or  elsewhere 
that  there  had  been  any  particular  trouble  from  snow. 
No  snow  fences  are  used  except  on  the  Perm  and 
Northern  Rys.,  where  a  strong  growth  of  brush  and 
timber  has  been  cultivated  to  act  as  snow  fences. 
There  were  no  right  of  way  fences  on  any  of  the  lines 
which  were  examined. 

The  Trans-Siberian  line  has  been  very  poorly  lo- 
cated in  detail,  except  across  the  Trans-Baikal  sec- 
tion and  in  the  valley  of  the  Ob,  and  it  will  be  quite 
possible  to  eliminate  at  least  50  per  cent  of  the  curva- 
ture. There  were  all  sorts  of  reverse  curves  every- 
where and  without  any  apparent  reason  for  their  ex- 
instance.  Double  track  bridges,  instead  of  be- 
ing single  structures,  such  as  we  build,  were  twin 
bridges — that  is,  separate  bridges  placed  side  by  side, 
with  a  space  of  several  feet  between  the.  This,  of 
course,  is  much  more  expensive  than  a  simple  double 
track  bridge  such  as  we  build,  and  all  crossings  of 
rivers  are  made  at  right  angles,  which  invariably 
necessitated  a  reverse  curve  at  each  end  of  the  struc- 
ture. 

Apparently  0.8  per  cent  uncompensated  grade  has 
been  adopted  as  the  lowest  that  it  is  neces.sary  to  ob- 
tain, except  in  the  valley  of  the  Ob,  where  they  have 
some  districts  with  a  0.6  per  cent  maximum.  There  is 
a  great  opportunity  in  the  future  for  improvements  in 
the  lines  and  grades  of  the  Russian  railways—improve- 
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ment.s  which   will   result  in  considerable  economy  in 
operation. 

DffeclH  in  Opi-ratiun  and  Equipment — The  system 
of  operation  was  under  the  charge  nf  the  Centralized 
Technical  Department  at  Petrograd,  and  the  operat- 
ing department  consisted  of  a  manager  on  1.000  to 
3.000  miles  of  railway,  and  a  general  car  distributor, 
local  car  distributors,  and  station  masters,  with  prac- 
tically no  other  men  connected  with  operations.  Trains 
arp  not  dispatched,  but  handled  by  station  masters, 
station  to  station,  and  are  operated  by  Tape  Telegraph 
Manual  Block  Signal  System  on  double  track,  and  Staff 
Block  System  on  single  track..  Trainmen  have  no  time 
tables  or  train  rules,  and  generally  not  even  watches. 

Coal  and  wood  fuel  were  stored  on  the  ground  in 
piles  along  the  tracks  and  handled  from  there  to  the 
locomotives  by  hand.  There  were  no  modern  coal- 
ing stations  in  service.  Much  time  was  therefore  lost 
in  fueling.  Simple  and  quickly  hand-operated  wind- 
lasses, a  stock  of  buckets  filled  with  coal  and  stored 
on  platforms  adjacent  to  the  tracks,  and  wood  fuel 
stored  on  platforms  where  it  would  consume  less  time 
to  convey  it  to  the  tenders,  would  save  at  least  20 
minutes  at  each  fueling  station. 

It  required  from  20  to  30  minutes  to  water  a  tender 
from  4-in.  and  6-in.  pipes  fed  from  small  tanks.  By 
duplicating  these  pipes  or  putting  in  new  pipes  of 
lO-in.  to  12-in.  diameter  this  time  could  be  reduced 
to  5  minutes.  There  were  no  cinder  pits  at  the  ter- 
minals, the  grates  being  cleaned  on  the  tracks,  also 
at  a  considerable  loss  of  time. 

The  locomotives  were  not  being  used  so  as  to  ob- 
tain from  them  the  greatest  possible  number  of  mile.*- 
service.     The  Russian  method  was  to  run  the  engine 
from  a  main  terminal  to  a  turning  point,  a  distance 
of  from  50  to  80  miles,  then  returning  to  the  initial 
point  Whth  the  same  crew,  making  the  round  trip  of 
an  engine  100  miles  between  Petrograd  and  Mosco\y. 
and    160    miles    between    Petrograd    and    Vladivostok. 
The  time  consumed  at  the  turning  point,  owing  to  the 
poor  facilities,  limits  the  day's  run  of  one  of  these  en-  _, 
gines  to  one  round  trip,  and  owing  to  the  lost  time 
and  layoffs  the  engines  make  only  the  small  month^^^ 
average  of  1,500  miles.    By  operating  engines  throi|j^^' 
from  one  main  terminal  to  another,   instead  of  to"  a    • 
turning  point,  and  by  furnishing  hostlers  to  prepare 
the  engine  at  the  initial  point  and  taking  charge  of 
the  engine  at  the  terminal  point,  the  average  monthly 
mileage  for  engines  would  be  increased  50  per  cent. 

The  Chief  Recommendations  of  the  Commission. — 
The  principal  recdinmendations  of  the  commission  in- 
cluded: 

1.  .V  mofllllcutlon  of  operattne  methcxtii  which  would  reiull  In 
an  iinnieillnte  inrreased  capncKy  of  (he  Trans-Slb«rlnn  RaUway 
of  at  li-aiit  .'lO  (iiT  o'nl  without  any  additional  rollInK  »tock. 

2.  Tht-  ahandonInK  of  certain  coal  inlncK  and  the  worklnir  of 
other  nilMoa  to  raiMirlly.  Iln-rel>.v  reniovInK  the  oonKemlon  on  the 
Tomsk  Rullwav  ami  enalillnt;  the  other  linen  which  make  up 
the  Trann-SllxTlan  to  haul  from  three  lo  four  tlmeit  the  frelKht 
they  Wert*  then  movtnK  an  i*oon  lu*  the  additional  can*  were  re- 
ceived, which  were  on  order  in  America. 

3.  The  temiKjrnry  oijrmtion  of  M-ton  DocaiKxl  enitineM  over 
the  IlKhl  hrldKea  nendiny  the  renewal  of  these  biidicea.  thereby 
enablInK  the  handlInK  of  lonRer  tralnii  than  could  l>e  handled  by 
the   uiiual  50   ton   eniflnea. 

4.  <'o-o|ieniilon  of  ihe  »hop  workmen  by  convincing;  them  of 
the  ni-ceKHlty  of  ilolni;  a  full  day'M  work  ao  (hat  bad  order  en- 
Klnen  and  cum  may  l>o  placed  In  aervice  promptly. 

5.  The  removol  of  the  locomotive  ereciiim  ahopH  from  Harbin 
lo  VladivoHiok.  thereby  snvlnir  alwut  490  mllen  of  haulase  of 
locomotlvo  parla  recelve<l   from   America. 

0.  The  conmrurllon  of  nub  pita,  coallnir  and  waterinc  Xa- 
liona,  thereby  aavInK  conatderabie  lime  In  oleanlnK.  coallnit  and 
watering' 

7.  Secuiinir  from  America  aiuire  pnrt«  for  locomotlvea  for  re- 
palrinir  broken  or  worn-out  c<iulpn;ent  expedltioualy. 
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S.  Recommenctations  to  our  Government  that  it  furnish  on 
priority  orders  the  requisitions  of  the  Russian  Government  tor 
locomotives  and  cars. 

9.  The  sending  from  America  of  several  unit.s  of  experienced 
railroad  men  composed  of  superintendents,  dispatchers,  yard 
masters,  train  masters,  etc..  to  interest  the  Russians  in  the  new 
methods  of  operation. 

The  above  recommendations  were  finally  approved 
both  by  the  railway  officials  and  the  Government. 
Orders  were  issued  making  them  immediately  effective 
and  L.  A.  Ustrugoff  was  given  full  responsibility,  au- 
thority and  credits.  Locomotives  and  cars  which  had 
been  ordered  in  America  were  beginning  to  arrive 
on  priority  orders.  The  United  States  sent  the  rail- 
way units  as  requested  and  the  chairman,  Mr.  Stevens, 
remained  in  Russia  or  in  Japan  within  easy  reach  of 
the  railway  units. 


World's  Record  for  Pile  Driving 

What  is  probably  a  world's  record  for  pile  driving 
was  made  on  June  12  at  the  Hog  Island  Ship  Yard, 
when  a  crew  of  11  negroes  in  charge  of  Edward  Bur- 
well,  working  for  the  Arthur  McMullen  Co.,  put  down 
220  65-ft.  piles  in  9  hours  and  5  minutes.  The  best 
previous  record  at  the  yard  was  165  62-ft.  piles  driven 
in  9  hours  and  15  minutes  by  the  Raymond  Concrete 
Pile  Co.  In  the  construction  of  the  foundation  for  the 
extension  of  the  Northern  Pacific  Ry.  ore  dock  at  Su- 
perior, Wis.,  described  in  another  article  in  this  issue, 
the  contractors,  Siems,  Helmers  &  Schaffner,  drove  168 
60-ft.  piles  in  9  hours  with  a  turntable  device.  In  the 
ore  dock  work  the  piles  were  driven  through  holes 
thawed  through  4  ft.  of  ice  and  in  28  ft.  of  water. 

The  equipment  used  in  driving  the  220  piles  at  Hog 
Island  consisted  of  a  Vulcan  No.  1  hammer  and  a  skid- 
ding rolling  machine,  with  a  3-drum  9x10  hoisting  en- 
gine. Hammer  and  hoist  were  driven  by  compressed 
air.    The  log  for  the  day  follows: 

7:00  a.  m.—  8:00  a.   ra 27  piles 

8:00  a.  m. —  9:00  a.   m 23  piles 

(Delay    4 ",4    minutes    due    to    broken    steam    line;    raining    very 

hard  from  .S;15  a.  m.  to  10:00  a.  m.)  * 
9:00  a.  m.— 10:00  a.  m 28  piles 

10:00  a.  m.— 11:00  a.  m 22  piles 

(Delay  S  minutes  due  to  pile  fall  breaJiing.) 

11:00  a.  m.— 12:00  a.  m 27  piles 

12:00  noon— 12:30   p.    m lunch 

12:30  p.  m.—  1:30  p.  m 25  piles 

(Heavy    rain    with    electric    showers    from    1:23    p.    m.    to    2:.tO 

p.  m.     1:25  p.  m.  to  1:40  p.  m.  air  pressure  dropped  considerably, 

which  held  up  hammer.) 

1:30  p.  m.—  2:30  p.  m 23  piles 

2:30  p.  m. —  3:30  p.  m 23  piles 

3:30   p.    m. — 4:35    p.    m 22  piles 

9  hours  and  5   minutes    220  piles 

Total   linear  feet   piles,    14,260.      Stopped   driving  at   4:35   p.    m. 

as   shipway   No.    40    was    completed    and    there    are    no   remaining 

piles    to    be    driven    on    the    sliipways    or   piers    on    Group    No.    5. 

The  only  piles  yet    to  be   driven   ai'e   fender  piles,    dolphins,    spur 

piles  and  a  few  special  piles  for  derrick  footings. 

The  Burwell  crew  since  it  began  work  at  Hog  Island 
in  January  last  has  driven  4,131  piles  with  a  total  of 
241,573  lin.  ft.  The  record  of  this  gang  for  6  months 
follows : 


Mcnth.                No.  (^ays 

.January     10 

Ft-Druary     11 

.       Piles. 
190 
361 
711 
780 
1.470 
619 

4.i:n 
per  day   (6 
Jay   (6  mos. 

Lin.  ft. 
8.531 
20.560 
42.730 
47.333 
86.173 
36.246 

Average 
No.  piles  Av 
per  day.    p{ 

19.0 

32.8 

30.9 

33.9 

54.4 

88.4 

.  lin.  ft. 

;r  dav. 

853.1 

1,869.1 

1  857  8 

2,057  9 

101 

241.573 

42  68 

)    

2,391.82 

Average   length  of  piles 

Skip-Stop  Plan  for  Street  Car  Operation. — Begin- 
ning Aug.  1  the  skip-stop  plan  of  operating  street  cars 
in  Tennessee  will  go  into  effect,  and  along  with  it  a 
system  of  heating  cars  only  when  outside  temperature 
is  25'  or  below. 


Grading  and  Tracklaying  for  Log- 
ging Railroad  with  a  Ditcher 

By  using  a  railroad  ditcher  for  grubbing,  grading 
and  for  tracklaying,  the  Potlatch  Lumber  Co.  mate- 
rially reduced  its  construction  costs  and  at  the  same 
time  dispensed  with  a  considerable  force  of  laborers. 
The  methods  employed  on  this  work  are  described  by 
the  Railway  Review,  to  which  we  are  indebted  for  the 
matter  in  this  article. 

Since  the  main  idea  in  building  logging  roads  is  to 
get  the  logs  to  the  mill  at  the  lowest  possible  cost 
and  because  the  railroad  is  only  temporary  in  char- 
acter, considerable  latitude  is  allowed  in  the  con- 
struction methods  used.  Not  a  great  amount  of  sur- 
veying or  planning  is  done  in  advance  for  these  rail- 
roads, the  lines  being  laid  out  to  tap  the  desired  tim- 
ber land  and  the  ditcher  put  to  work  preparing  the 
subgrade. 

Where  a  small  amount  of  filling  is  necessary  the 
ditcher  scoops  up  the  earth  alongside  the  line  and 
dumps  it  ahead,  where  it  is  leveled  off  by  laborers. 
As  the  work  proceeds  the  ditcher  is  moved  ahead 
under  its  own  steam  on  a  portable  track  built  in  short 
sections.  Three  short  sections  of  track  are  used,  the 
ditcher  standing  on  two  while  the  third  is  picked  up 
from  behind  and  swung  around  to  the  front  with  the 
boom.  Ties  10x11  in.  x  10  ft.  long,  and  closely  spaced, 
are  used,  and  the  sections  are  braced  with  diagonal 
pieces  of  ^2  by  l^:2-in.  strap  iron  held  in  place  by  ^'i,- 
in.  wood  screws  and  extending  from  corner  to  cor- 
ner of  the  sections.  In  case  a  deep  fill  is  required,  to 
prevent  too  much  of  a  sag  in  the  track  where  suffi- 
cient earth  cannot  be  reached  alongside  with  the  reg- 
ular dipper,  logs  are  pulled  in  with  the  boom  to  form 
a  portion  of  the  fill,  and  earth  is  then  placed  on  the 
logs  to  build  up  the  desired  grade.  In  localities  where 
the  grading  required  is  slight  the  timber  is  logged 
off  the  right-of-way,  the  stumps  pulled  and  the  neces- 
sary clearing  done  by  the  ditcher  in  addition  to  mak- 
ing the  fill. 

Side-hill  cuts  are  made  with  equal  facility,  the  Pot- 
lach  Lumber  Co.  having  recentl.v  made  an  8-ft.  cut 
300  ft.  long  on  a  6  per  cent  grade.  Fills  as  deep  as 
8  to  10  ft.  on  4  per  cent  grades  have  also  been  made. 

After  the  grade  is  completed  the  machine  is  run 
back  over  the  line  and  mounted  on  a  flat  car  with  steel 
rails  fastened  to  the  deck  to  permit  the  necessary 
amount  of  shifting  of  the  machine  to  pick  up  and 
handle  materials  from  two  cars  in  rear  and  place 
them  in  the  track.  In  this  manner  the  ditcher  is 
used  as  a  tracklaying  machine.  The  60-lb.  rails,  33 
ft.  long,  are  loaded  on  the  car  next  to  the  ditcher  and 
the  ties  piled  high  on  the  second  car.  The  dipper 
boom  is  removed,  so  as  to  allow  the  use  of  the  ma- 
chine as  a  crane,  the  only  extra  equipment  required 
being  two  tie  slings  made  from  short  lengths  of  cable 
with  a  hook  at  each  end,  and  a  pair  of  rail  tongs. 

Two  men  on  the  tie  car  make  up  bundles  of  ties 
which  are  picked  up  and  swung  around  onto  the  grade 
ahead,  where  they  are  distributed,  17  ties  to  the  rail, 
by  a  gang  of  six  men.  After  placing  the  ties  the  rails 
are  picked  up  from  the  car  by  center  tongs  of  a  spe- 
cial, non-teetering  type,  a  man  on  the  rail  car  hook- 
ing them  to  the  rail.  They  are  then  swung  around 
in  front  and  heeled  into  the  angle  bars.  Two  men 
also  put  on  the  bridles  to  hold  the  rails  in  line  and 
to  gage  until  spiked.  One  man  brings  the  angle  bars 
forward  from  the  front  of  the  rail  car  and  places 
them  on  the  rails  and  another  man  bolts  up  the  joints. 
One  man  is  employed  to  carry  the  bridles  ahead,  to 
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be  u.^ed  as  fast  as  the  rail  is  laid  up  to  them.  These, 
together  with  the  operator  and  fireman  of  the  ditcher, 
make  a  crew  of  16  men  required  for  laying  track,  the 
gang  being  made  up  as  follows: 

2  iiu'ii  oil  lu'  car. 

K  men  dlatrlbutin!:  tloH. 

1  iiiHii  ntlui'liliit;  mil  h»okii. 

2  invii  h-t'llni;  In  rallis  aii'1  pullInK  on  briillea. 
I  inuii  i-uirylnR  brldlcH. 

1   niHii  pUioInK  iin^le  ban<  on  rallx. 

1    roller. 

.'   ni.ii  to  op.Tat*  tho  dltihc-r. 

In  placing  rails  the  ditcher,  after  swinging  the  rail 
around  to  the  front,  is  run  out  to  the  end  of  the  Hat 
car  on  which  it  operates,  so  as  to  swing  the  near  end 
of  the  rail  slightly  beyond  the  joint.  The  machine 
then  backs  up  until  the  line  that  holds  the  rail  hangs 
.fit  a  considerable  angle,  in  which  position  the  rail  is 
easily   heeled   into  the  joint.     The  rail   tongs  are  so 


Accident  Prevention  in  Quary 
Operation* 

Four  years  ;in<),  at  the  llunnibal  mill.s  of  the  Atlas 
Portland  Cement  Co.,  we  recognized  the  necessity  of 
organizing  our  employes  in  such  a  way  that  they 
would  be  actively  interested  by  representation  in  the 
safety  and  welfare  work  at  the  plant.  About  this  time 
we  organized  our  Committee  on  Safety  and  Welfare. 

Committee  on  Safety  and  Welfare. — The  committee 
originally  consisted  of  three  permanent  members  and 
si.x  rotating  members.  The  regular  members  selected 
were  men  whom  we  wished  to  train  thoroughly  in 
safety  work  and  to  act  as  leaders  in  the  general  move- 
ment. The  balance  of  the  members  are  grouped  in 
lots  of  two,  serving  six  months    each,    and  after    six 


Oltcher    Swinging     Ties    Into    Position    for    Distribution. 


constructed  that  they  release  as  soon  as  the  rail  rests 
on  the  ties. 

The  spiking  crew,  working  behind  the  machine,  con- 
sisted of  2  boilers,  15  spikers  and  1  spike  peddler,  a 
total  of  18  men.  Thus  the  total  crew  required  to  com- 
plete the  tracklaying  work  numbers  34  men.  As  much 
as  3,000  ft.  of  track  have  been  laid  in  a  day  by  this 
crew  on  heavy  grades  and  where  trees  on  the  right- 
of-way  mu.st  be  cleared  off.  On  straight  work,  with- 
out clearing,  it  is  estimated  that  one  mile  of  track  a 
day  can  be  laid.  By  the  use  of  the  ditcher  in  this 
way  the  company  saves  the  wages  of  25  men  at  $3.50 
a  day  that  would  otherwi.se  have  been  required. 


Loosening  Frozen   Coal  with    Pneumatic 
Tie  Tampers 

Pneumatic  tie  tampers  fitted  with  pointed  picks  in 
place  of  the  usual  tamping  bars  were  employed  very 
effectively  last  winter  in  breaking  up  masses  of 
frozen  coal  in  unloading  hopper  bottom  cars.  At  Chi- 
cago the  tampers  were  applied  to  picking  frozen  ore 
in  cars,  clearing  mill  scale  from  the  chutes  at  steel 
mills  and  breaking  up  frozen  scale  in  gondola  cars. 
At  one  point  the  experiment  was  tried  of  applying  the 
tamjjer  against  the  side  of  a  car  of  soft  coal,  the  vi- 
bration thus  set  up  causing  the  coal  to  let  go  and 
move  out  of  the  car  with  a  rush.  In  unloading  coal 
the  tampers  were  used  after  the  usual  steam  thaw- 
ing had  been  completed.  It  was  found  that  the  tamp- 
ers were  mo.st  effective  in  frozen  bituminous  and  in 
the  smaller  -sizes  of  anthracite  coal. 


months  two  of  the  members  are  replaced  by  two  others, 
so  that  each  year  all  departments  on  the  plant  are 
represented. 

Naturally,  departmental  foremen  were  the  first  men 
selected,  but,  after  operating  the  committee  for  four 
years,  we  now  have  the  opportunity  of  training  the 
general  employes  as  well  as  their  foremen.  An  al- 
ternate is  appointed  to  serve  in  the  absence  of  his  reg- 
ular representative  and  in  the  course  of  time  it  is 
usual,  as  vacancies  occur,  for  the  alternate  to  receive 
appointment  as  a  regular  member  on  the  committee. 
As  members  of  the  committee  we  endeavor  to  select 
men  who  have  in  some  way,  by  suggesting  safety  prac- 
tices or  otherwise,  indicated  to  their  foremen  that 
they  are  interested  in  safety  work. 

Work  of  Committee. — We  have  created  throughout 
the  plant  the  desire  on  the  part  of  all  men  to  become 
members  of  the  Safety  and  Welfare  Committee.  This 
desire  may  in  part  be  due  to  the  fact  that,  upon  be- 
ing appointed  to  the  committee,  they  are  presented 
with  a  gold  button  symbolic  of  safety  and  welfare 
work.  At  the  committee  meetings  are  presented  the 
various  pamphlets  which  are  i.ssued  by  the  Portland 
Cement  Association  and  the  National  Safety  Council, 
reports  from  the  other  plants  of  the  Atlas  Portland 
Cement  Co.,  and  a  summarj*  of  the  accidents  at  the 
local  plant.  The  latter  is  carefully  studied  and  the 
chairman  of  the  committee  appoints  sub-committees 


•From  »n  addriMM  delivered  b«fort>  the  Js'ntlonal  S«f»ty  Council 
liy  Willlnm  H.  Kakrr.  AMlstunt  Gcnvral  Supvrlnlcndrnl.  Atloji 
t'ortlnnd   Comrnt   Co 
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to  investigate  and  report  upon  certain  accidents  of  an 
unusual  nature. 

Lectures  on  first-aid  work  are  occasionally  given, 
and  the  general  plan  is  to  keep  the  men  thoroughly  in- 
terested and  enthused  in  the  work  so  that  each  year 
we  may  turn  out  into  the  plant  a  few  men  that  look 
upon  "Safety  First"  as  a  responsibility  instead  of  a 
mere  slogan. 

Enforcing  Rules  for  Safety  Measures. — There  are 
places  around  some  machinery  which  cannot  be  ade- 
quately protected  by  a  guard,  and  when  such  places 
are  encountered  it  is  necessary  to  instruct,  caution, 
or  discipline  against  any  unsafe  or  dangerous  prac- 
tice on  the  part  of  employes.  We  have  found  that 
certain  guards  are  cumbersome  and  impracticable 
from  an  operating  and  maintenance  standpoint,  and 
when  such  is  the  case  it  is  necessary  to  adopt  and 
rigidly  enforce  rules  against  violating  such  measures. 

When  a  safety  rule  is  violated  the  disciplinary  meas- 
ure meted  out  to  the  employe  sets  an  example  before 
his  fellow  workmen  which  is  of  greatest  value.  We 
do  not  always  find  it  necessary  to  discharge  a  man, 
unless  by  repeated  carelessness  he  places  not  only 
himself  but  his  fellow  workmen  as  well  in  constant 
danger.  For  a  first  offense  the  man  is  instructed  by 
a  member  of  the  Safety  and  Welfare  Committee  how 
to  avoid  a  repetition  of  a  careless  act.  On  a  second 
and  third  offense  the  man  is  disciplined  by  a  lay-off 
of  from  3  to  10  days.  This  usually  suffices,  and  the 
man  tries  to  protect  himself  as  well  as  his  fellow 
workmen,  but  occasionally  a  case  comes  up  where  we 
find,  for  the  good  of  the  service,  it  is  necessary  to  dis- 
charge the  offender. 

Men  who  have  been  in  the  service  for  some  time, 
through  the  routine  of  their  duties,  neglect  necssary 
precautions  and  are  apt  to  become  careless  around 
the  machinery  with  which  they  have  become  familiar. 
The  newer  employes  are  not  so  apt  to  run  into  these 
heavy  hazards,  because  they  are  naturally  somewhat 
afraid  of  the  heavy  machinery  in  the  plant,  but  due 
to  their  lack  of  knowledge  of  the  possible  hazards 
they  do  run  into  a  lot  of  injuries  in  the  handling  of 
miscellaneous  small  objects,  receiving  minor  bruises, 
burns  and  sprains.  We  take  particular  pains  to  in- 
struct new  men  before  putting  them  into  the  plant. 

We  have  given  particular  attention  to  the  guarding 
of  shovels,  gears  especially  being  well  guarded  ac- 
cording to  best  practices.  We  particularly  insist  on 
steam  shovel  engineers  making  a  careful  inspection 
to  see  that  everything  is  in  good  condition  before  op- 
erating and  that  no  one  is  in  the  pit.  No  one  is  al- 
lowed to  pass  in  front  of  the  shovel  while  loading  cars. 

Picked  Men  for  Extra  Hazardous  Work. — Of  the 
number  of  men  in  the  quarry,  at  least  75  per  cent  are 
engaged  in  operation  such  as  stripping,  drilling,  blast- 
ing, hand  loading,  pit  work  at  the  shovels,  track  work, 
and  general  labor.  We  pick  out  men  with  the  great- 
est possible  care  for  the  more  hazardous  work  of  load- 
ing holes,  blasting,  and  hammer  drilling  under  heavy 
banks.  We  instruct  these  men  constantly,  for  we  re- 
alize that  by  carelessness,  in  handling  dynamite  or 
drilling  a  block  hole  in  a  large  rock — which  may  not 
be  too  well  anchored — and  similar  work,  they  may 
cause  injury  to  a  large  number  of  men.  We  try  to  in-' 
still  in  our  men  the  thought  that  dynamite  is  made 
to  go  off  and  it  may  do  so  with  the  slightest  bit  of 
careless  handling. 

I  believe  the  greatest  hazard  in  any  quarry  is  the 
constant  danger  of  an  accident  involving  a  large  num- 
ber of  men.  This  may  come  from  a  premature  explo- 
sion  of   dynamite,   especiallv   if   men   are   allowed   to 
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work  in  front  of  a  bank  which  is  being  prepared  for 
blasting.  We  take  particular  precaution  against  this 
danger,  not  only  by  careful  supervision  of  the  work, 
but  the  enforcement  of  disciplinary  measures  upon  the 
men  who  violate  any  of  our  well-established  rules. 

Night  Operation  of  Quarry. — I  am  not  informed  as 
to  how  many  quarries  operate  at  night,  but  at  Hanni- 
bal we  follow  this  practice  and  have  been  successful 
in  keeping  the  number  of  night  accidents  down  to  a 
minimum.  Night  operation  in  a  quarry  requires  good 
illumination  at  the  shovels.  On  account  of  the  con- 
stantly changing  positions  of  shovels,  it  is  not  always 
feasible  to  illuminate  the  pit  with  electric  lights.  We 
formerly  used  heavy-power  lump  carbide  lamps,  but 
the  large-lump  carbide  generators  are  dangerous.  We 
have  been  using,  during  the  last  year  or  so,  a  type  of 
lamp  which  utilizes  carbide  in  a  compressed  cake 
form.  This  cake  is  placed  in  a  bell  and  by  an  in- 
genious arrangement  the  water  is  entirely  withdrawn 
from  the  cake  when  the  light  is  turned  off  and  thus 
the  gas  does  not  continue  to  generate  and  permeate 
the  atmosphere  surrounding  the  tank  with  carbide  gas 
which  may  be  exploded  by  the  lighting  of  a  match 
close  to  the  tank.  Entire  absence  of  gas  around  the 
tank  at  all  times  is  a  distinct  safety  feature  in  the 
use  of  this  lamp. 

Precautionary  Measures  in  Moving  of  Raw  Material. 
— In  moving  raw  material  from  the  quarry  there  are 
one  or  two  precautionary  measures  that  are  necessary 
to  follow  up  closely.  One  is  to  keep  employes  off  the 
tracks  and  the  other  is  to  make  the  switchmen  careful 
in  handling  cars.  It  is  rare  practice  now  to  see  a 
switchman  open  a  coupler  with  his  foot,  but  it  was 
not  so  very  long  ago  that  the  switchman  seemed  to 
enjoy  waiting  until  the  cars  were  about  5  ft.  apart, 
then  preparing  the  couplers  for  proper  connection 
with  one  of  his  feet.  Switchmen  should  particularly 
be  cautioned  against  running  ahead  of  moving  cars 
in  order  to  throw  a  switch.  We  try  to  teach  them  that 
they  should  at  all  times  keep  within  the  range  of  vision 
of  the  engineer — this  for  their  own  protection. 

Safety  Appliances. — Where  guards  are  used  over 
gears,  such  guards  should  have  sides  to  include  the 
full  depth  of  the  teeth,  and  where  spoke  gears  are  close 
to  platforms  and  passageways  the  sides  should  be 
protected.  Railings  for  rear  guards  or  along  moving 
machinery  should  be  a  suitable  distance  from  such 
machinery  or  else  have  a  screen  or  solid  guard  along 
the  side.  Railings,  wherever  constructed,  should  be  42 
in.  high,  with  at  least  6-in.  boards.  Posts  should  be 
of  sufficient  strength  and  well  secured  at  the  base. 

All  overhead  platforms,  floor  openings  and  runways, 
should  be  provided  with  properly  constructed  railings; 
should  be  kept  clear  of  any  obstruction  or  loose  ma- 
terial which  may  be  thrown  down  on  the  floor  below 
or  into  moving  machinery.  All  open  stairways  should 
have  railings  on  both  sides,  the  top  rail  should  be  36 
in.  above  tread.  Closed  stairways  require  only  a  single 
hand  rail.  Stairways  over  43  in.  wide  should  have  an 
additional  railing  through  the  middle  of  such  stair- 
way. Portable  ladders  should  be  provided  with  a  tip 
to  eliminate  danger  of  slipping.  Ladders  used  to  get 
at  overhead  shafting  should  be  provided  with  a  sub- 
stantial hook  to  fit  over  the  shaft.  Wooden  ladders 
should  have  rungs  substantially  housed  into  the  side 
rails  and  protected  by  a  strip  along  the  face  of  the 
sides  to  prevent  the  rungs  from  pulling  out.  Vertical 
ladders  should  have  a  good  clearance  between  the 
center  of  the  rungs  and  wall  and  where  long  ladders 
are  used  landings  should  be  provided  at  proper  in- 
tervals. 
2) 
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Guards  for  Chains  and  I}«lta. — Wherever  sprocket 
chains  are  so  located  that  in  breakintt  they  may  fall 
on  platforms  or  into  movinj?  machinery,  and  particu- 
larly where  they  are  above  passageways,  they  should 
be  guarded  by  a  solid  guard  on  the  sides  and  bottom. 
We  all  know  that  sprocket  chains  are  usually  removed 
because  they  break.  We  have  found  on  certain  drives 
that  whenever  a  chain  breaks  at  certain  definite  inter- 
vals, say  within  six  months,  it  is  a  good  plan  to  replace 
the  chain  in,  say,  four  months,  as  the  loss  due  to  a 
choke  by  the  breaking  of  a  chain  is  more  expensive 
than  getting  shorter  life  out  of  the  chain.  Chains  that 
are  taken  off  can,  of  course,  be  used  on  less  important 
drives  and  this  is  a  good  practice  to  follow.  It  is  also 
safer  to  remove  the  chain  than  to  allow  it  to  break. 
Belts  running  through  floors,  or  vertical  belts,  should 
have  guards  to  a  point  about  6  ft.  above  the  floor.  All 
horizontal  belts  should  have  guards  to  eliminate  dan- 
ger of  men  walking  into  such  belts. 

All  bearings  and  parts  of  machinery  requiring  oil- 
ing or  other  attention  should  be  provided  with  means 
of  applying  the  oil  or  other  material  safely.  This  can 
be  accomplished  by  piping  bearings  to  the  side  or  to 
a  nearby  platform. 

A  screw  conveyor  is  about  as  dangerous  a  piece  of 
machinery  as  we  have  around  the  plant  and  rules 
should  be  enforced  to  keep  men  off  the  conveyor  tops. 
In  repairing  elevators,  particularly  when  a  link  or 
bucket  must  be  removed  or  replaced,  provision  should 
be  made  for  keeping  the  chain  from  rolling  back. 

There  is  so  much  safety  work  to  be  done  in  any  plant 
that  we  endeavor  not  to  attack  unnecessary  places, 
but  concentrate  our  attention  on  guarding  of  such 
machinery  which  presents  a  real  hazard.  Further, 
guards  are  very  often  more  dangerous  than  the  ma- 
chinery itself,  for  often  a  man  will  neglect  to  remove 
a  portable  guard  before  attempting  repairs;  therefore, 
in  installing  guards,  particular  attention  should  be 
given  to  constructing  them  in  such  a  way  that  the  ma- 
chinery is  accessible,  or,  if  possible,  to  so  arrange 
the  guard  that  it  can  be  readily  removed  before  any 
maintenance  work  is  attempted. 

Railings  may  often  be  used  to  better  advantage  than 
guards.  In  cases  where  there  is  a  possibility  of  a  man 
walking  into  machinery,  a  railing  is  installed  to  keep 
him  away  from  that  particular  place.  These  railings 
prove  to  be  especially  valuable  in  preventing  short 
cuts  that  men  are  likely  to  take  in  the  performance  of 
their  duties. 

It  is  of  the  greatest  importance  that  foremen,  par- 
ticularly, be  carefully  instructed  on  safety  work,  as 
through  the  foremen  we  endeavor  to  instill  among  all 
employes  the  interest  and  importance  in  this  grea* 
work.  At  the  meetings  of  our  Safety  and  Welfare 
Committee  we  get  many  suggestions  and  ideas  from 
employes,  and  we  endeavor  to  follow  up  any  good  sug- 
gestion. We  find  that  the  man  usually  watches  the 
work  closely  and  greets  with  pleasure  and  satisfaction 
the  final  adoption  of  a  measure  which  has  been  the 
growth  of  his  own  idea. 

Guarding  Against  Electrical  Hazards. — The  replac- 
ing of  steam  with  electric  power  gives  rise  to  condi- 
tions which  previously  did  not  exist.  Formerly  it  was 
only  necessary  to  guard  against  electrical  hazards  at 
low  voltage.  Power  is  now  received  at  our  plant  at 
.33,000  volts,  and  a  large  part  of  it  is  distributed  at 
2,200  volts.  The  distribution  is  accomplished  by  re- 
mote control  from  a  single  switch  gallery  under  the 
supervision  of  a  chief  operator,  through  whom  all 
switching  operators  are  forwarded. 

The  switchboard  operates  at    110  volts,  the  2.200- 


volt  oil  switches  being  in  a  bus  room  below  the  gal- 
lery. Each  oil  switch  is  isolated  by  asbestos  barriers 
and  red  and  green  lights  are  used  to  indicate  whether 
the  line  is  in  or  out  of  service.  Carefully  drafted  rules 
have  been  instituted  regarding  safe  and  efficient  op- 
eration. Each  operator  is  supplied  with  explicit  in- 
structions and  a  code  must  be  used  in  transmitting 
switching  orders,  all  of  which  are  repeated  back  in 
order  to  avoid  the  possibility  of  a  mi.stake  and  conse- 
quent danger  to  life  and  property. 

We  follow  the  general  practice  of  marking  switches 
to  indicate  that  the  machinery  is  out  of  service.  We 
record  on  the  tags  the  time,  date,  reason,  and  name  of 
person  who  ordered  the  line  to  be  held.  V'er>'  often 
more  than  one  motor  is  used  in  a  certain  operation, 
and  in  such  case  the  sequence  and  order  of  starting 
and  stopping  such  motor  is  posted  and  the  switches 
likewise  numbered.  All  electrical  machinery  is  care- 
fully and  adequately  supplied  with  emergena>'  trip-out 
and  time-limit  relays. 

In  working  around  electric  equipment  men  are  in- 
structed to  treat  all  circuits  as  live,  as  the  insulation 
may  be  defective,  and  that  they  should  not  touch  mo- 
tors or  related  apparatus  when  they  are  in  operation, 
but  should  play  safe  at  all  times.  Shocks  even  from 
grounds  are  disagreeable  and  flashes  cause  serious  cop- 
per burns  as  well  as  injuries  to  the  eyes.  Circuit 
breakers  should  nCver  be  thrown  when  switches  are 
closed  and  before  closing  them  it  should  be  noted  that 
the  starting  box  handles  are  all  down.  There  is  a  pos- 
sibility of  the  circuit  breakers  opening  at  any  time 
and  for  this  reason  it  is  well  to  keep  away  from  them 
to  avoid  flashes.  In  stopping  motors,  circuit  breakers 
should  always  be  tripped  first.  Our  men  always  guard 
their  eyes  in  tripping  a  circuit  breaker  and  when  start- 
ing a  motor  they  keep  away  from  the  commutator  as 
a  flash-over  may  occur  at  any  time. 

While  we  believe  we  have  taken  everj*  possible  pre- 
caution against  injury  to  employes  from  electrical 
equipment,  yet  there  is  the  ever-present  danger  that 
cannot  be  entirely  eliminated.  All  operators  in  the 
power  department  are  thoroughly  instructed  in  the 
Schaeffer  or  prone-pressure,  methods  of  resuscitation. 
We  also  have,  in  our  emergency  hospital,  a  lung-motor 
which  is  readily  available  for  prompt  use. 


Blasting  Boulders  Without  Drilling 

A  12-ft.  long,  7-ft.  wide  and  7'j-ft.  high  boulder  on 
a  farm  at  South  Byfield,  Mass.,  was  disposed  of  by  the 
following  method:  The  first  operation  was  to  dig 
down  in  the  frozen  ground  alongside  of  the  boulder 
to  a  depth  of  about  2  ft.  This  was  made  easier  by 
using  a  stick  of  dynamite  in  a  borehole  to  break  up 
the  frozen  soil.  Standing  in  this  first  hole,  the  blasters 
then  tunneled  under  the  boulder  for  a  distance  of 
about  5  ft.  At  that  point  they  came  to  a  shelf  upon 
which  the  charge  of  dynamite  was  packed.  The  earth 
was  then  packed  carefully  back  into  the  hole  so  as 
to  leave  the  ground  approximately  as  solid  as  it  had 
been  before  the  digging  disturbed  it.  In  doing  this 
care  had  to  be  taken  not  to  pull  the  cap  and  fuse  out 
of  the  charge  of  dynamite.  The  result  of  the  shot  was 
the  breaking  up  of  the  stone  in  pieces  so  small  that 
any  single  piece  could  be  hauled  away  by  a  two-horse 
team.  The  entire  job  was  done  in  one  blast,  in  which 
17' L>  lb.  of  40  per  cent  dynamite,  one  cap  and  about 
8  ft.  of  fuse  were  used.  The  dynamite  was  a  low- 
freezing  variety  which  gave  no  trouble  in  spite  of  the 
fact  that  it  was  15  below  zero  when  the  work  was 
done. 
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Comparative   Analysis  of  Gravel 
Screens 

By  RAYMOND  W.  DULL. 

The  Inclined  or  Gravity  Screen. — A  screen  in  its 
simplest  form  is  the  inclined  plane  or  gravity  screen. 
The  main  difficulty  with  this  type  of  screen  is  that  the 
n-.aterial  after  traveling  a  few  feet  accelerates  to  such 
a  velocity  that  the  holes  in  the  screen  are  passed  over 
by  particles  which  should  pass  through.  The  length 
of  the  effective  travel  is  very  short  and  the  results 
obtained  are  very  unsatisfactory. 

Engineers  might  say,  why  not  make  the  shape  of 
the  screen  or  curvature  of  the  path  such  that  the  ve- 
locity is  constant  or  uniform  and  without  accelera- 
tion? Fig.  1  is  referred  to  as  a  possible  curve  for  such 
a  screen.  Let  A  — B  represent  the  curve  and  our  prob- 
lem is  to  find  the  shape  of  the  curve  or  its  equation. 

The  acceleration  of  a  particle  passing  down  an  in- 
clined plane  without  friction  is  g  sin  6,  where  0  is 
the  angle  of  the  inclination  with  the  horizontal.  The 
retardation  due  to  friction  or  negative  acceleration  is 
gf  cos  6  when  f  =  coefficient  of  friction.    Therefore, 


mine  the  pitch  of  the  helical  path  of  the  particle  in  a 
cylinder  screen  we  will  assume  a  certain  angle  <x  as 
the  inclination  of  the  screen  with  the  horizontal. 
Every  element  of  the  screen  surface  parallel  to  the 
axis  will  have  this  angle  with  the  horizontal,  assum- 
ing that  these  angles  are  taken  in  vertical  planes. 

First  assume  a  horizontal  plane  with  the  line  A  O 
in  that  plane.  (See  Fig.  2.)  Assume  that  the  ver- 
tical plane  through  A  O  is  rotated  about  A  0  through 
an  angle  of  90'  or  into  the  horizontal  plane.  Now 
draw  C  A  0  equal  to  cc  then  C  A  represents  an  ele- 
ment of  the  cylinder.      Next    draw  C  B  O  equal  to 


C  0 


^  =  tan— 1 


■  angle  of  friction. 


0  B 


We  know  that  the  particle  will  travel  in  some  di- 
rection in  the  normal  plane  which  has  an  instanta- 
neous angle  of  6  with  the  horizontal  plane.  Rotat- 
ing B  C  A  back  again  into  the  vertical  plane  about 
B  0  A  as  axis,  we  will  determine  the  intersection 
of  the  normal  plane  with  the  horizontal  plane  and  ro- 
tate the  normal  plane  about  the  line  of  intersection 
into  a  horizontal,  and  determine  the  true  angle  which 


Fig.    1. 


Fig. 


the  acceleration  of  the  particle  passing  down  the  plane 
at  any  instant  is 

g   (sin  6  — f  cos  6) 
Now  since  we  desire  maintaining  a  uniform  velocity 
without  acceleration 

g   (sin  e  — f  cos  6)  =0 

sin  i9  =  f  cos  $ 

sin  0 
=f  =  tan  a 

cos  0 
The  result  shows  that  the  curve  resolves  itself  into 
a  straight  line  the  tangent  of  which  is  equal  to  the 
coefficient  of  friction.  In  other  words,  if  the  screen  is 
set  at  the  angle  of  friction  the  particle  will  slide  down 
the  screen  at  the  same  speed  at  which  it  started.  Un- 
fortunately, we  have  quite  a  variation  in  the  coefficient 
of  friction,  for  some  particles  will  slide  down  while 
others  will  roll  down.  Therefore,  by  setting  the 
screen  for  the  former  will  result  in  giving  the  latter 
considerable  acceleration.  Another  difficulty  with 
this  type  of  screen  is  that  particles  will  lodge  in  the 
holes  of  the  screen  and  block  the  screen  unless  re- 
moved by  some  means. 

The  Cylinder  Screen. — The  cylinder  screen  is  the 
oldest  type  of  revolving  screen  in  use.  They  are  set 
at  a  slightly  downward  slope  to  cause  the  material  to 
travel  through  the  screen.  The  path  of  the  particles 
on  the  screen  surface  is  a  helix.     In  order  to  deter- 


the  path  makes  with  the  cylinder  element.  Rotating 
0  B  about  vertical  axis,  0  making  the  arc  B  D,  and 
draw  A  D  tangent  to  the  arc,  A  D  is  the  line  of  in- 
tersection of  the  normal  plane  and  the  horizontal 
plane.  This  also  establishes  the  direction  of  the 
path  of  the  particle  or  0  D  which  forms  the  angle 
A  O  D  of  a  vertical  plane  passing  through  O  D  and 
another  through  A  0  measured  in  horizontal  plane. 

In  order  to  get  the  true  angle  with  the  cylinder  ele- 
ment it  is  necessary  to  lay  out  the  angle  6  as  0  D  E 
and  rotate  the  normal  plane  into  the  horizontal  plane 
about  A  D  as  axis,  which  gives  us  A  F  D  or  <i>  as  the 
true  angle  which  the  path  of  the  particle  makes  with 
cylinder  element. 

To  reduce  this  analytically  in  terms  of  the  given 
angle,  we  have 

C  O 

C  A  =  A  F  = 


Sin  a 
C  O 


C  B=D  F  = 


Sin  e 


C  0 


A  F       C  A        CO        Sin  ^ 


Sin 
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tvJ 


Sin 


■|.=  Cos  — 1 


Sin  (9 
In  order  to  compute  the  length  of  the  helix,  we  will 
develop  the  surface  of  the   screen   and    indicate  the 
path  of  the  particle.    (See   Fig.  3.)     The   pitch   1*  of 

jT  D       TT  D  cos  <1> 
each  turn  of  the  spiral  = = 


tan  <l> 


sin  4> 


.707  L 

we  would  have  lentrth  of  spiral  = =  5.8  L 

.1219 
It  therefore  follows  that  the  len^h  of  travel  in  a 
cylinder  .tcreen  is  independent  of  the  screen  diameter, 
but  simply  depends  on  the  length  of  the  screen  and 
the  inclination  of  its  axis.  This  fact  no  doubt  will 
be  a  great  surprise  to  many,  including  screen  manu- 
facturers, for  screens  of  large  diameter  are  usually 


Length  of  each  turn  of  spiral  ■ 
TT  D  cos  <I> 


Sin  <I> 


TT    D 


cos  <I> 


cos  4'        Sin  <1> 
L 


L     IT  D  cos  <^        L  sin  <1> 


Number  of  turns 


Sin  'l> 


TT  D  cos  <I> 


Fig.  6. 


F.Q.    7. 


given  considerably  higher  rating  than  they  should 
have.  The  length  of  the  travel  of  a  particle  in  a 
screen  36  in.  diameter  and  12  ft.  long  is  identical  to 
the  path  of  a  particle  in  a  screen  72  in.  diameter  and 
12  ft.  long,  if  both  screens  are  set  at  the  same  inclina- 
tion. This  path  is  about  70  ft.  long.  The  advantage 
of  the  large  screen,  however,  is  that  the  distance  be- 
tween the  coils  of  the  helix  is  greater,  which  allows 
the  material  to  spread  out  more  and  make  a  wider 
helix.     See  Fig.  4. 


<^ 


Fig.    8. 

Total  length  of  spiral  =  length  of  turn    <  number  of 
ff  D  L  sin  *  L 

turns  = X = 

sin  <l>     TT  D  cos  <l>  cos  <X> 


Sin 


But  Cos<l>- 


L  sin  e 


Total  length  of  spiral  = 

Sin 
Assume  fl=45'  and  0^=1" 


Fig.    9.  Fig.    10. 

Overhung  Conical  Type  of  Screen. — We  will  next 
take  up  a  type  of  screen  used  a  few  years  ago  quite 
extensively  in  gravel  washing  plants.  It  is  known 
as  the  overhung  conical  type.  Fig.  5  illustrates  the 
screen  and  the  manner  in  which  they  were  used. 

To  determine  the  angle  of  advance  of  the  spiral,  we 
will  assume  line  A  R,  Fig.  G,  as  the  intersection  of 
normal  plane  drawn  tangent  to  the  screen  and  form- 
ing angle  of  friction  with  a  horizontal  plane.  Draw 
A  C  equal  to  M  O  of  Fig.  5,  then  draw  C  I),  making 
angle   C   I)   A  = /»  or  angle  of   friction.     Draw   D   E 
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parallel  to  A  B,  making  length  A  E  equal  to  M  N  in 
Fig.  5.  Then  E  A  B  (Fig.  6J  is  equal  to  angle  of  ad- 
vance of  the  helix.  This  is  evident  by  assuming  that 
the  normal  plane  is  rotated  into  the  horizontal  plane. 
The  element  A  E  and  the  axis  are  then  in  a  vertical 
plane  through  A  E  and  the  perpendiculars  to  A  B  and 
A  E  give  the  angle  of  advance  and  b\'  geometry 
would  be  equal  to  angle  E  A  B. 

To  trace  the  path  of  travel  it  is  necessary  to  develop 
the  surface  of  the  screen  cone.  The  path  then  takes 
the  curve  of  the  logarithmic  spiral  as  shown  by  Fig.  7 
and  when  drawn  in  on  the  cone  takes  the  form  as 
shown  by  Fig.  5. 

R  — r 

The  length  of  the  spiral  is  where  R 

cos  (90°  — *) 
is  the  length  of  the  cone  element  A  E  from  the  apex 
to  the  large  diameter  of  the  cone  and  r  the  cone  ele- 
ment from  apex  to  small  diameter  of  cone  and  <J>  the 
angle  of  advance  of  the  spiral  just  found. 

Assuming  the  same  slope  for  the  screen  as  taken 
for  the  cylinder  screen,  we  find  that  the  angle  of  ad- 
vance is  approximately  10'  and  R  =  18.18  ft.,  r  12.1 
ft.  cos  80°  =  .1736,  and  the  length  of  spiral  is  34.7  ft. 
for  a  cone  screen  72  in.  long  and  1^^  in.  per  foot  slope. 
This  is  practically  the  same  length  of  travel  for  a  cone 
screen  as  cylinder  screen  72  in.  long.  This  would  nat- 
urally be  expected  since  we  found  that  the  diameter 
of  the  cylinder  screen  did  not  affect  the  length  of 
the  path  of  the  travel  of  the  particle. 

The  form  of  the  logarithmic  spiral  formula  is 
r  =  aE  mtj)  and  by  use  of  hyperbolic  logarithms  the 
curves  of  Fig.  7  are  plotted. 

Inclined  Conical  Screen. — The  screen  which  we  will 
next  discuss  is  the  well-known  inclined  conical  screen, 
which  is  mounted  on  the  same  shaft  as  shown  by  Fig. 
8.  The  material  in  this  screen  travels  ahead  while 
the  screen  shown  by  Fig.  5  has  a  backward  flow.  These 
screens  have  an  entirely  different  taper  than  the  other 
style  and  are  designed  to  give  the  best  pitch  of  the 
spiral  and  a  minimum  pitch  for  the  flume  from  screen 
to  screen.  These  two  angles,  together  with  the  given 
diameter  of  the  large  end  of  the  screen,  determine 
the  shape  of  the  cone. 

A  different  diagram  is  necessary  to  determine  the 
pngle  of  advance  of  the  helix  as  well  as  the  path  of 
the  particle. 

Assume  line  0  A  as  the  intersection  of  a  vertical 
plane  through  the  screen  or  cone  axis  and  a  horizontal 
plane  through  the  apex  O.  Draw  O  B,  making  angle 
of  friction  with  line  0  D,  which  is  at  right  angles  to 
0  A.  We  next  locate  E,  knowing  that  it  is  equal  to 
N  P  (Fig.  8)  from  B  0  and  a  distance  P  H  (Fig.  8) 
from  D  0.  Now  drop  a  perpendicular  E  H  to  B  0 
and  rotate  H  O  into  0  D.  We  now  have  the  screen 
element  in  the  horizontal  plane  and  can  lay  off  ele- 
ment M  N  (Fig.  8),  as  D  J  or  as  H  K  before  rotation 
about  O  A.  The  axis  of  the  screen  is  in  the  vertical 
plane  through  0.  L.  Rotate  the  vertical  plane  about 
0  A  in  figure  to  right  in  diagram  and  we  have  0  L 
as  the  axis  and  K  0  as  the  projected  co-ordinate  of 
the  element.  Assume  a  point  as  M  and  draw  M  N 
perpendicular  to  0  L  or  cut  the  element  with  a  per- 
pendicular plane.  Now  transfer  the  intersection  of 
this  plane  with  the  normal  plane  through  the  element 
and  we  are  ready  to  rotate  the  normal  plane  into  the 
horizontal  plane,  which  gives  us  the  true  angle  ad- 
vance of  the  helix  or  <i>. 

The  helix  can  then  be  drawn  as  shown  by  Fig.  10 
in  same  manner  as  before  except  in  the  reverse  order. 
We  find  that  the  length  of  this  helix  has  the  same 


length  provided  the  pitch  of  the  helix  is  the  same,  but 
usually  the  pitch  is  a  little  less  and  the  path  a  little 
longer. 

We  now  come  to  the  most  interesting  analysis  of 
these  paths. 

The  cylinder  screen  has  a  spiral  with  uniform  dis- 
tances between  the  coils.  When  a  quantity  of  material 
is  introduced  into  the  screen  it  can  spread,  depend- 
ing on  the  distance  between  the  spirals.  The  greater 
the  diameter  the  greater  the  spread.  Now  as  the  ma- 
terial travels  through  the  screen  and  the  amount  gets 
less  and  less  since  the  greater  portion  goes  through, 
we  must  overcrowd  the  screen  at  the  start  or  we  are 
not  using  the  full  width  between  the  coils  at  the  lower 
end. 

The  screens  illustrated  in  Fig.  5  have  the  helical 
paths  close  together  at  small  end  and  the  discharge 
between  the  corresponding  points  on  the  helix,  or 
pitch  of  spiral  increases  toward  the  large  end  of  the 
screen.  The  material  is  delivered  to  the  small  end  of 
the  screen  where  the  material  can  spread  the  least 
amount,  yet  this  is  the  point  of  maximum  quantity  of 
material  in  the  screen. 

It  is,  therefore,  necessary  to  crowd  the  small  ends 
of  these  screns  to  make  use  of  the  wider  path  at  the 
large  end  of  the  screen.  In  other  words,  the  increased 
pitch  of  the  helix  is  in  the  wrong  direction.  The  pil- 
ing up  of  the  material  at  the  small  end  interferes  with 
the  pebbles  passing  through  the  openings  and  a  large 
per  cent  of  the  screen  area  is  lost. 

The  screens  shown  in  Fig  8  have  the  wide  helical 
path  at  the  large  end  where  the  material  is  received. 
The  paths  get  nearer  together  as  the  material  travels 
along.  The  quantity  also  becomes  less  and  less.  In 
this  screen  the  spirals  are  in  the  right  direction  and 
the  efficiency  is  much  higher. 

The  cost  of  screens  is  proportional  to  the  area  of 
screening  surface.  Another  consideration  in  com- 
paring screens  is  the  correct  speed  for  screens.  It 
has  been  found  by  experiment  that  a  surface  speed  of 
from  175  to  200  ft.  per  minute  is  the  most  efficient;  if 
slower  than  this  the  capacity  is  cut  down  and  if  faster 
the  screening  efficiency  is  lowered  because  the  peb- 
bles do  not  have  sufficient  time  to  go  through.  With 
the  cone  screens  the  speed  should  be  computed  for 
the  large  end,  for  if  speeded  according  to  small  end 
the  speed  of  large  end  would  be  excessive. 

This  results  in  a  further  cut  of  efficiency  in  screen 
Fig.  5,  because  the  bulk  of  the  material  is  at  the  small 
end  where  the  screen  speed  is  greatly  reduced,  while 
with  the  screen  Fig.  8  the  correct  speed  is  at  the  large 
end  where  the  greatest  quantity  of  material  is  received 
while  the  decreased  speed  of  the  small  diameter  does 
not  cut  down  capacity  much  because  the  quantity  of 
material   is  then   so  small. 


U.   S.   Labor  Board   Asks  Present  Wages   Stand. — 

No  more  changes  in  present  standards  of  wages, 
hours  and  conditions  of  labor  by  any  Government 
agency  is  urged  by  the  War  Labor  Policies  Board, 
pending  a  uniform  standardization  for  the  Govern- 
ment now  under  consideration  by  the  board.  This  is 
the  gist  of  a  resolution  by  the  board,  announced  last 
week,  directed  to  all  departments  of  the  Government, 
advising  that  all  wait  on  unity  of  action  concerning 
Government  labor. 


The  Boston  &  Maine  R.  R.  contemplates  expending 
$22,000,000  for  terminal  improvements,  betterments 
and  equipment. 
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Levee  Construction  in  North 
Texas  with  Draglines 

By  O.  W.  FINLKV. 
l.cvcc  and  Drainage  ICngincer.  Knnis.  Tex. 
Texas  for  the  larger  part  is  a  more  or  less  level 
country  and  in  conseciuence  many  of  the  streams  have 
very  wide  overflow  areas.  Few  of  tht-se  streams  have 
channels  siilKcient  to  carry  more  than  25  per  cent  of 
the  water  at  flood  stage.  Take  the  Trinity  River  (on 
which  most  of  the  reclamation  work  is  now  in  prog- 
ress) as  a  fair  example.  It  has  been  determined  by 
actual  measurement  that  the  channel  carries  not  more 
than  20  to  25  per  cent  of  the  Hood  water  during  high 
rises.     During  the  flood  of  1908,  one  of  the  highest, 
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Sibout  125,000  cu.  ft.  of  water  per  second  passed  down 
the  stream.  Since  the  channel  measures  only  about 
200  ft.  at  the  top,  100  ft.  at  the  bottom  and  averages 
27  ft.  deep  and  has  a  fall  of  approximately  I'l  ft.  per 
mile,  it  will  be  readily  seen  that  75  to  80  per  cent  of 
the  water  must  find  some  place  other  than  the  chan- 
nel in  which  to  flow.  This  is  taken  care  of  by  wide 
bottoms  or  overflow  areas  which  on  the  above  men- 
tioned stream  range  from  3  to  8  miles  wide  from 
hill  to  hill.  These  overflow  lands  are  flat  and 
wooded  and  the  soil  is  composed  of  silt  and  sediment 


deposited  by  floods  since  Texas  became  dry  land  and 
is  extremely  fertile.  It  in  very  black  and  sticky  and 
will  grow  almost  any  kind  of  farm  products  in  abun- 
dance. 

There  are  enormous  areas  of  this  land  only  await- 
ing reclamation  from  floods  to  become  the  most  pro- 
ductive and  highest  priced  land  in  the  South.  Accord- 
ing to  an  accurate  survey  of  Trinity  River  by  the 
United  States  Engineering  Corps,  there  are  667,295 
acres  of  overflowed  land  on  this  stream  alone  and  not 
including  the  tributaries,  of  which  7  per  cent  is  in 
cultivation  and  60  per  cent  is  probably  reclaimable. 
This  survey  includes  the  area  from  Dallas  to  the  Gulf 
of  Mexico,  an  airline  distance  of  250  miles.  Taking 
into  consideration  the  East  Fork.  West  Fork  and  Elm 
Fork  of  the  Trinity  and  the  numerous  large  creeks, 
the  total  flooded  area  of  the  Trinity  Valley  would  prob- 
ably exceed  750,000  acres.  This  is  the  only  stream  in 
the  state  on  which  a  survey  has  been  made  and  the 
only  one  on  which  accurate  data  are  obtainable.  Con- 
sidering that  the  Brazos.  Colorado,  Navasota,  Sabine. 
N'eches.  Angelina,  Sulphur  and  Red  Rivers  are  all 
large  streams,  the  generally  accepted  estimate  of 
:?, 000,000  acres  of  overflowed  lands  in  Texas  is  too 
onservative,  I  think,  by  1.000.000  acres.  As  an  ex- 
ample, take  Ellis  County,  which  has  29.000  acres  of 
overflowed  land  either  reclaimed  or  in  process.  23.000 
acres  is  on  the  river  and  6.000  on  the  tributaries  or 
I  reeks,  and  Ellis  is  not  a  flooded  county,  either,  as 
there  are  probably  30  counties  in  central  and  east 
Texas   having  more   overflowed   territory. 

The  land  is  reclaimed  by  building  levees  on  each 
side  of  the  stream  and  sufficiently  far  from  the  chan- 
nel to  carry  the  flooded  water  in  excess  of  the  chan- 
nel capacity  plus  a  good  per  cent  for  safety.  On  the 
Trinity  these  levees  are  placed  from  800  to  1,000  ft. 
from  the  center  of  the  channel  and  are  from  14  to 
20  ft.  high.  By  thus  confining  the  flood  waters  be- 
tween levees,  the  larger  part  of  the  inundated  land  is 
reclaimed  and  placed  in  condition  for  farming. 

The  first  levee  work  of  any  magnitude  was  begun  in 
June  of  1914  when  a  levee  10  ft.  high  and  44.000  ft. 
long  was  built  on  Trinity  River  for  the  protection  of 


TABL.K  I. 

B'icket,  Boom               Total  wulcht. 

Xo.              Alake.                                                                             ITopiilsion.  c'l.  yd.  kntrth.  toim.  Engine. 

r.     .No     1    ^ioni^han Walker  Hi  *0  40  to  50  C.na 

4     Xo.    2    Moniiihan Walker  2  *0  60   to  TO  nan 

.".     No.    ;'.    MoniRnan Wnlker  2V,   to  3  80  HO  to  90  (Jus 

1      Skid   and   roller  2%  M  80  'la.-i 

1     Bucvrus     Mutlpedal  2%  >">  «0  i:a« 

1      Skid   aiKl   roller  2  70  70  Sleaiii 

TABLK    II.— UKVKE    I.MI'ROVEMENT  DISTRU'TS    I.X    X()RTH    TEXAS. 

Yards  I'Tntmet 

Xanie  of  District.                                                 A'-reage.                     Bond  Tc'ImI  inovfd    lo           prlct-  per  yd.  No.  of 

Issue.  ci>.    >iiH  M  IV    11  ClB.                   mnchlnea. 

DallaH  rounlv.    Xo.   1 3.300                 i    US.OOO  Tf.o ■.If.'.L'Ifi  10  1 

Halla.s  founly,   Xo.   2 4.S00                      17.1.000  l.lUU.i'iMi  T;;<.:62  10  1 

r>allaH  Tounty,   Xo.  3 3.100                      160.000  fion.nni)  0  14  0 

Iialla.s  Counlv.    Xo.   4 7.7S7                      420,000  l.SOO.nilfl  0  12%  0 

1>aMa.s  Coiiniv.   Vo.   S 8.000                      K.O.OOO  iilin.iiOO  510.200  10  3 

Pelta    roiintv,    Xo.    1 16,600                      273.000  1,400.000  !<1,0ST  14  I 

I«.-lia    County.    Xo.    2 3.600                        7.1.000  307.(Mii)  (I  14  0 

KIII.M  Pountv,   Xo.  1 5,000                        35.000  16S.r,Iii  l«ii."l'0  10  n 

ElllH  Tounty,   Xo.  2 I2.7,i5                      136.000  «vf>.72:i  689,723  10  0 

Kills  rountv.   Xo.  3 U.2IP0                      170,000  S65,iioO  S55.700  10  1 

Kills  County,   Xo.  4 91:5                        25,000  17t.l>41  174.941  10  0 

Kills  County,   Xo.  6 3no                          5.500  34.S33  34,S33  10  0 

Kiii.M  (-iiunlv.   No.   8 1.215                        S7..''.flO  I'sO.flOO  S72.310  10  1 

Ellis  County,   No.  9 XKO                        55.000  169,7r,0  0  14  0 

Kills  Co  .   No.  10.  and  Navarro.  No.  3..                1.B00                        42,000  260,000  179.909  II  7 

Frankin   County.   No.    1 4,989                        69,ii00  450,0011  433,788  9.35  3 

HcndiTson.   No.    1 5.200                      200.000  1.846.000  520,18!  »U,  1 

Kaufman    County,    Vo.    1 9.010                      125.0110  R2I.2'.7  821. J57  10  1 

Kai'fman    County,    No.    3 1,212                        20.000  Ht.iioo  72.475  10  1 

Kaufman    I'ount'v,    No.    4 n,.'.60                     250,000  l.,'iflo.ooo  0  ..  0 

Kaufman    County.    No.    5 2.000                        50.000  300.000  0  ..  0 

Navarro  Countv.   Xo.   1 1,116                        26,000  16S,000  U7.908  10  1 

Xavarro  Couniv.    Xo    2 l.loo                        24.000  1S4.00O  0  ..  0 

Xavnrro  Counlv.    Vo.  6 ! 11.610                      230.000  l.r.rtO.ooo  147.SS1  lOH  1 

Xavarro  County.    Xo.   >: l.H.'.o                        90.000  Isii.OOO  tS.Stt  II  I 

Navarro  Countv.    Xo,   7 1,150                        IM.nno  IH.Oni)  0  ..  0 

Ked    rtlver,    Xo.'  1 4.400                            1  17.329.4(6  S!».««  9.35  0 

Totals     146.71'.'                             17.07v.4.;o  «.S41,0U  18 

Xote  — Many  other  dl.slrUts  are   projioiied.   but .i    "f   not  y«i  Im-Ihk  fully  orK.inl«o«l.  iiro  not   Included  In  thia  Hut. 
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9,040  acres  of  very  fine  black  flood  land  in  Kaufman 
County;  this  levee  has  since  been  raised  to  18  ft. 
height.  The  levee  was  constructed  by  an  old  steam 
skid  and  roller  drag  line  machine  which  has  long  since 
been  junked  and  has  now  been  replaced  by  18  new 
machines,  15  of  which  are  Monighan  gas  walking  ma- 
chines, one  a  Bucyrus  mutipedal,  one  a  gas  skid  and 
roller  and  one  a  steam  skid  and  roller.  The  18  ma- 
chines are  of  the  following  types  and  sizes: 

All  the  small  machines  have  vertical  triple  cylinder 
gas  engines  while  all  the  larger  or  No.  2  and  3  ma- 
chines, e.xcept  the  Bucyrus,  have  horizontal  single  cyl- 
under  gas  engines.  The  Bucyrus  has  a  triple  vertical 
type  engine  and  is  an  excellent  dirt  mover. 

Up  to  May  18,  1918,  a  fraction  more  than  100  miles 
of  levee  had  been  built  in  which  had  been  placed 
6,540,000  cu.  yd.  of  earth.  Seldom  more  than  15  of 
the  machines  are  working  at  the  same  time,  the  others 
are  moving  from  one  job  to  another,  but  nearly  500,- 
000  cu.  yd.  are  being  moved  per  month,  or  an  average 
of  about  30,000  yd.  for  each  machine.  The  larger  ma- 
chines sometimes  run  over  60,000  yd. 

It  will  be  noted  from  Table  No.  II  that  the  cost  of 
reclamation  varies  from  $14  to  $70,  the  latter  figure 
being  an  extreme.  The  cost  varies  with  the  height 
of  the  levee,  cost  of  right  of  way,  and  number  of  acres 
reclaimed  per  mile  of  levee  or  width  of  overflow  area 
behind  the  levee.  But  the  value  of  these  lands  ad- 
vance so  rapidly  and  their  productive  capacity  is  so 
great  that  almost  any  amount  up  to  $100  per  acre 
would  be  a  profitable  investment  expended  in  recla- 
mation. It  will  be  seen,  however,  that  by  leaving  out 
the  one  extreme  example,  the  Ellis  No.  9,  the  average 
cost  per  acre  is  a  little  more  than  $25. 

To  give  an  idea  of  the  advance  of  these  lands,  I 
have  secured  a  signed  statement  from  the  leading 
man  in  each  of  five  of  the  first  districts  protected, 
which  tabulated  are  as  follows: 

T.VBLE    in. 

Houses 

Tn  built 

Area,         cultivation.  since  Av.  value. 

District.                             acres.       1912.         191S.  1912.  1912.  1918. 

Dallas    No.   2 4.S00         .■3.200         4,000  20  $40  $125 

Ellis     No.    1 5,000         2,500         4.500  25  40  125 

Ellis,    No.    4 925            275            SSO  10  40  125 

Dallas    No.   1 3.300         1.200         3,000  40  25  12.o 

Kaufman,    No.    1 9.040         2,000         8.100  80  20  125 

This  table  can  be  verified  by  any  number  of  actual 
tales  and  recorded  deeds.  As  would  be  expected  there 
pre  many  tracts  in  these  districts  that  cannot  be 
bought  for  $150  per  acre  while  there  are  places  along 
sloughs  and  low  places  that  are  not  worth  much. 

The  rise  in  value  is  still  in  progress  and  will  con- 
tinue for  years  to  come.  By  comparing  the  147,000 
acres  now  protected  or  being  protected  with  the  esti- 
mated amount  of  3,000,000  acres  of  flood  land  in  the 
state,  it  will  be  seen  that  we  are  just  starting  this 
great  work. 


Preventing  Twisting  of  Bucket  Line  on 
Low  Boom  Work 

The  arrangement  shown  in  the  sketch  was  devised 
by  a  ditch  contractor  for  preventing  his  clam-shell 
bucket  line  from  twisting 
on  low  boom  work.  The 
dead  line  passes  around  the 
bucket  sheave  and  is  an- 
chored to  the  boom  far 
enough  from  the  boom 
sheaves  that  the  weight  of 
the  bucket  itself  keeps  it 
from  turning. 


Equipment  and  Steam  Shovel  Cuts 
in  Stripping  on  Mesabi  Range 

Methods  employed  in  stripping  on  the  Mesabi 
Range  of  Minnesota  have  undergone  many  changes 
since  the  beginning  of  operations.  The  changes  in 
equipment  are  summarized  by  Mr.  L.  D.  Davenport 
in  the  first  of  a  series  of  articles  on  Steam  Shovel 
Mining  on  the  Mesabi  Range  in  the  Engineering  and 
Mining  Journal,  from  which  the  following  notes  are 
abstracted: 

The  first  stripping  work  on  the  Mesabi  Range  was 
done  with  teams  and  scrapers  or  the  material  was 
loaded  by  hand  into  wagons.  Later  1  cu.  yd.  cars 
running  on  light  rails  were  loaded  by  hand  and  hauled 
by  team.  The  next  step  was  the  "dinkey"  equipment 
with  8  to  15-ton  locomotives  and  ^i-yd-  shovels. 

This  type  of  equipment  was  used  until  larger 
shovels  having  dippers  of  2-cu.  yd.  capacity  were  in- 
troduced, when  the  36-in.  gage  dinkey  locomotives  and 
cars  were  replaced  by  standard-gage  equipment.    One 


Fig. 


1 — Cross-section    of   Cut    Made    by    Model    303,    and    Cuts   Re- 
quired   to    Remove    Same    Area    With    Model    91    Shovel. 


striking  feature  in  connection  with  the  increase  in 
size  of  equipment  is  the  decrease  in  the  number  of 
men  employed  on  the  stripping  dumps. 

The  first  dinkey  equipment  required  a  dump  crew 
of  50  men,  whereas  with  the  present  use  of  large 
dump  spreaders,  and  20-yd.  cars,  only  two  men  are 
needed. 

Fig.  1  shows  a  cross-section  of  a  single  cut  taken 
with  a  Model  300  steam  shovel  weighing  360  tons  and 
with  a  6  to  8-yd.  dipper.  The  loading  track  was  laid 
in  the  surface  of  the  ground  as  shown  at  A,  and  on 
this  pai^ticular  cross-section  the  great  shovel  had  suf- 
ficient reach  to  push  the  accumulated  spill  from  the 
cars  clear  of  the  further  rail  of  the  loading  track. 


Mjfenal  from  Cat  I  is  co$ri,parr 
Material  from  Cut  ^  is  cast  up  at  ?' 
Material  from  Cut  5 is  cast  upaf  5' 

"inducting  Cast  I'arv^^'is  kxKfect  en    , 

out  on  Track  in  Cut  ?  ^  ^  j 

'b'" inctucting  Cast  5'i5  /coaed  g  ^| 

out  on  same  Track  -» ^ . 


Top  of  Ore 


V    Cost 


loading  Cut  b    /y    ' '  ^docarng  Cut  a 

->|< 40- -■■^-e4'-^ 4cy >it---J?--->J 

Cot  ^  Cast  Cut  I 

ng    a    Shallow 


Fig.    2 — Cross. section    Showing     Method    of    Ren 
Clean-up    With    Model   91    Shovel. 

The  divisions  marked  from  1  to  10  show  the  cuts 
that  would  have  been  necessary  had  the  same  cross- 
section  been  removed  with  a  Model  91  shovel  weigh- 
ing 107  to  123  tons  and  having  a  2^2  to  4-yd.  dipper, 
and  the  loading  tracks  for  the  different  cuts  are 
lettered  from  A  to  H.  Track  A  is  the  loading  track 
for  the  first  cut,  track  B  for  the  second  cut,  track  C 
for  the  third  and  fourth,  and  so  on. 

The  method  of  reinforcing  a  shallow  cleanup  with 
a  Model  91  shovel  is  shown  in  Fig.  2. 
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Employment   of   Divers   in   Shaft 
Sinking* 

Of  late  years  the  i-mpLn  nient  of  divers  in  shaft 
sinkinjr  has  proved  very  useful  for  a  number  of  pur- 
poses in  the  Bochum  district,  including  the  fitting 
i.nd  removal  of  pump  strainers,  the  examination  and 
freeing  of  sinking  shoes,  overhauling  shaft  pumps,  re- 
placing cables  disturbed  by  the  influx  of  water,  etc. 

Removing  Obstruction  from  Casing  of  Ilorehole.— 
At  one  pit  in  the  Uitten  district,  when  the  shaft 
had  been  carried  down  to  about  25  yd.,  a  feeder  dis- 
charging some  250  gal.  of  water  per  minute  was 
tapped  at  about  125  yd.  by  a  12-in.  borehole  in  the 
.•^haft  bottom,  this  hole  being  kept  open  by  a  wire  rope 
which  could  be  raised  or  lowered  from  bank  or  from 
the  shaft  bottom.  The  casing  inserted  in  the  borehole 
in  its  upper  section,  which  passed  through  loose  rock, 
was  closed  by  a  fluted,  taper  wooden  plug,  a  certain 
amount  of  water  being  allowed  to  escape  through  the 
grooves  in  the  plug  and  perforations  near  the  top  of 
the  casing.  When  the  lower  portion  of  the  shaft  was 
being  lined  with  concrete  a  pile  of  rough  .stones  was 
made  round  the  projecting  end  of  the  casing;  and, 
to  facilitate  the  setting  of  the  concrete  and  maintain 
a  counter  pressure  in  the  interior  of  the  shaft,  the 
water  was  allowed  to  rise  nearly  to  the  level  of  the 
htajring.  Owing  to  some  of  the  concrete  having  run 
down  into  the  pile  of  stones,  the  wooden  plug  was 
found  to  have  jammed,  and  could  not  be  pulled  out; 
and  the  water  rose  to  within  about  16  ft.  of  the  bank, 
the  shaft  being  completely  flooded. 

A  diver  was  sent  down  for  several  days  to  recover 
the  skips  and  other  articles  on  the  shaft  bottom,  and 
more  particularly  to  break  up  the  cemented  .stone  pile 
round  the  casing,  so  as  to  free  the  plug  and  the  mouth 
of  the  borehole.  The  plug  being  nearly  5  ft.  long,  and 
extending  for  over  3  ft.  into  the  casing,  it  was  decided 
to  bore  it  out.  To  provide  proper  guidance  for  the 
boring  bar,  65  ft.  in  length,  a  2' -..-in.  pipe  was  let 
down,  the  lower  edge  being  provided  with  sharp  teeth 
so  as  to  get  a  good  grip  into  the  top  of  the  plug,  the 
diver  holding  it  in  position  until  the  boring  tool  was 
deep  enough  into  the  plug.  Through  the  I'li-in.  hole 
thus  formed  the  water  was  allowed  to  run  for  several 
days,  at  the  end  of  which  time,  however,  another  stop- 
page of  the  borehole  occurred  and  necessitated  the 
aid  of  the  diver  in  boring  through  the  plug  again.  The 
borehole  was  then  flushed  out  thoroughly,  and  a  rod, 
composed  of  railway  rails  lashed  together,  was  low- 
ered into  it  and  suspended  from  an  iron  girder  on  the 
shaft  bottom,  so  that  as  sinking  progressed,  the 
girder  and  rod  descended  automatically  by  their  own 
weight  and  prevented  the  hole  from  choking  up  again. 
This  done,  sinking  was  continued  without  any  further 
water  troubles. 

Use  of  Divers  in  Unwatering  Coal  Mines. — During 
the  diflicult  operation  of  unwatering  the  State  col- 
lierv  at  Waltrop  divers  were  frequently  employed.  At 
first  an  attempt  was  made  to  cope  with  the  extensive 
inrush  of  water — amounting  to  nearly  4,000  gal.  per 
minute — by  means  of  Tomson  water  barrels.  In  car- 
rying out  this  plan  much  trouble  was  experienced 
with  the  flat  winding  ropes  used,  these  being  severel.v 
strained  by  the  great  weight  of  the  ropes  themselves 
and  the  full  barrels,  and  jamming  in  the  winding  bob- 
bins. Moreover,  when  little  progress  coubl  bo  made 
in  lowering  the  water  level,  the  repeated  splashings 
of  the  saline  mine  water  every  time  a  water  barrel 


was  lowered  acted  on  the  pitchpine  guides  and  soft- 
ened the  timber,  which  then  easily  broke.  This  en- 
tailed repairing  the  guides  under  water,  the  divers 
having  to  work  at  a  depth  of  about  70  ft.  Eventually, 
however,  the  work  of  unwatering  with  barrels  had  to 
be  given  up.  owing  to  the  above  mentinned  rope 
troubles,  and  carried  out  by  means  of  mammoth 
I>umps,  arrangeil  in  series. 

Plugging  .Standpipe  of  liorehole  Ca.sing.— Consider- 
able practical  importance  attached  to  the  work  done  by 
divers  in  sinking  two  shafts  by  the  cementatifm  process, 
one  of  them  being  driven  through  the  tissured  white 
marl  of  the  Recklinghausen  district.  When  this  shaft 
had  got  down  to  a  little  over  500  yd.,  and  was  only  some 
150  yd.  from  the  coal  measures,  one  of  the  advanced 
boreholes  struck  the  powerful  feeder.  As  there  was 
no  sturting  box  on  the  standpipe  of  the  borehole  casing, 
and  as  the  rods,  forced  up  by  the  rush  of  water, 
jammed  against  the  staging  near  the  shaft  bottom,  it 
was  impossible  to  cap  the  pipe,  and  the  shaft  soon  be- 
came flooded  to  a  depth  of  about  45  yd.  The  diver  sent 
down  to  investigate  reported  that  the  force  of  water 
issuing  from  the  pipe  was  too  great  to  allow  the  latter 
to  be  capped,  and  it  was  therefore  decided  to  re- 
arrange the  unwatering  appliances  in  order  to  obtain 


}•  ■     •  -Pit    K  ■ 


T.ic  Pr.r  -rr.  8a»rr 
M»pvTa»  la  Srupnrs. 


•From   thf  Colliery  Cuarclian.   trnnslallon   from  riluckniif. 


a  much  greater  output  than  before.  Within  a  few 
weeks  the  water  level  was  lowered  to  about  30  ft. 
above  the  shaft  bottom,  this  head  being  left  to  oppose 
the  stream  from  the  borehole  and  facilitate  the  work 
of  the  diver. 

To  plug  the  standpipe  the  arrangement  shown  in 
Figs.  1  and  2  was  designed,  consisting  of  a  tap  a 
into  which  was  screwed  a  tube  b,  tapering  at  its 
lower  end  and  provided  with  threads  c.  intended  to 
cut  a  thread  in  the  standpipe.  The  conical  portion 
was  continued  to  a  point  by  means  of  three  pieces  of 
T-section  (Section  A — B,  Fig.  2).  A  pipe  d  was  se- 
cured to  the  upper  end  of  the  tap,  to  serve  as  a  guide 
for  the  winged  strap  e,  in  which  it  could  move  freely 
until  the  strap  made  contact  with  a  fixed  collar  on 
the  pipe. 

The  strap  e  was  connected  to  the  top  of  the  stand- 
pipe  by  means  of  1-in.  screw  bolts  g  pivoting  on  a 
strap  mounted  on  the  standpipe.  the  bolts  being  long 
enough  (Fig.  2)  to  allow  the  tap  to  be  swung.  The 
parts  were  assembled  at  bank  and  taken  down  by  the 
diver,  who,  after  placing  the  device  in  the  position 
shown  in  Fig.  1.  tightened  up  the  strap  f  on  the  stand- 
pipe  and  swung  the  tap  through  an  angle  of  90  .  thus 
bringing  the  point  of  the  apparatus   into  the  mouth 
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of  the  standpipe  and  centering  the  pipe  b.  On  then 
rotating  the  whole  tap  the  taper  thread  cut  its  way 
into  the  standpipe.  To  prevent  the  tap  being  forced 
out  bodily — the  water  issuing  at  the  rate  of  nearly 
700  gal.  per  minute,  and  under  a  pressure  of  about 
30  atmospheres — the  nuts  on  the  rods  g  were  tightened 
up  so  as  to  brace  the  two  straps  e  and  f  together,  and 
the  tap  was  then  shut  (Fig.  2).  In  this  way  the  sink- 
ing and  cementing  of  the  shaft  could  be  resumed, 
after  a  stoppage  of  13  months,  although  the  rock  was 
extensively  fissured  with  small  feeders  and  several 
large  fissures  which  had  to  be  stopped  with  many  tons 
of  cement. 

A  similar  case  arose  in  sinking  a  shaft  at  the  Asse 
potash  mine,  through  bunter  sandstone,  by  the  cem- 
entation process.  On  striking  a  big  feeder  the  tap  of 
the  standpipe  was  turned  off,  but  water  escaped 
through  a  split  in  the  pipe  and  flooded  the  shaft. 
When  the  pumps  had  lowered  the  water  to  within 
about  50  ft.  of  the  shaft  bottom  a  diver  was  sent  down 
to  remove  the  tap  and  plug  the  pipe.  The  first  at- 
tempt at  plugging,  with  a  couple  of  steel  tubes  and 
rubber  washers,  failed  because  the  water  forced  the 
device  out  of  the  pipe,  in  spite  of  the  free  passage 
left  by  the  tubes.  Better  results,  however,  were  ob- 
tained by  the  use  of  a  wedge-shaped  plug  of  soft  wood 
which  the  diver  inserted  into  the  standpipe  by  the  aid 
of  a  steel  pin  10  in.  long,  stuck  in  the  point  of  the 
wedge,  the  latter  then  being  driven  home  by  a  weight 
attached  to  the  rope,  operated  from  the  surface.  This 
plug  proved  staunch,  and  the  shaft  was  pumped  dry. 
By  forcing  cement  down  the  other  standpipes,  the 
other  holes,  including  the  one  substituted  for  the  first 
named,  were  plugged  as  soon  as  the  feeder  was  reached 
in  boring,  and  the  sinking  progressed  to  completion 
without  further  trouble. 

Recovering  Grab  from  Shaft. — In  sinking  a  shaft 
on  the  left  bank  of  the  Rhine  through  tertiary  rock, 
with  an  iron  sinking  shaft  and  Priestman  grab,  the 
rope  broke  at  about  30  yd.,  leaving  the  grab  on  the 
bottom.  As  the  grab  e.xcavated  mainly  at  the  center, 
so  as  to  allow  the  sides  to  cave  and  furnish  loose  soil, 
the  diver  sent  down  had  some  trouble  in  locating  the 
grab  and  clearing  away  round  it  so  as  to  allow  a  strong 
cable  to  be  attached.  The  work  was  rendered  particu- 
larly arduous  on  account  of  low  visibility,  the  water 
being  laden  with  fine  tertiary  sand  and  loam,  and 
quite  opaque  at  the  shaft  bottom.  Almost  similar 
work  had  recently  to  be  performed  in  an  iron  sinking 
shaft  in  a  mine  in  Upper  Silesia,  the  sunken  grab 
having  first  to  be  dredged  clear  in  between  80  and 
90  ft.  of  water.  A  heavy  cable  was  attached  to  the 
grab,  and  was  lifted  by  means  of  a  steam  winch  and 
pulley  tackle  alternately,  the  strain  pulling  a  2y2-in. 
wrought  iron  hook  (about  3  ft.  long)  out  straight. 
Eventually  the  grab  was  recovered  by  exerting  a 
gradual  pull  on  the  rope. 

Plugging  Leaks  in  Shaft  with  Concrete. — In  sink- 
ing the  Adolf  shaft  of  the  Eschweiler  Company  it  was 
found  impossible  to  force  the  sinking  shoe  down  below 
about  20  ft.  above  the  coal  measures,  even  after  boring 
out  the  shaft  completely;  and  on  this  account  a  con- 
crete plug  was  prepared  on  the  shaft  bottom  and  then 
bored  through.  In  the  course  of  this  work  several 
leaks  were  made,  and  a  diver  had  been  sent  down  to 
locate  them  and  plug  them  with  concrete.  The  ex- 
pectation that  the  insertion  of  a  couple  of  connecting 
rings  would  enable  the  sinking  to  be  carried  down  to 
the  coal  measures  without  further  trouble  was  not 
realized,  a  further  leak  in  the  concrete  plug  necessi- 
tating the  flooding  of  the  shaft  to  prevent  the  caving 


of  the  rock.  The  diver  widened  the  breach  to  a  width 
of  7  ft.,  height  1  ft.,  and  depth  20  in.,  packed  sand- 
bags in  front  of  the  opening,  and  quickly  kneaded  in 
the  cement,  poured  in  with  buckets.  In  a  few  days 
the  cement  had  set  hard  enough  to  allow  the  shaft  to 
be  unwatered,  and  sinking  was  continued  to  com- 
pletion. 

In  putting  down  a  new  shaft  at  the  Dutch  State  Col- 
liery, Emma,  the  upcast  pipe  of  the  shaft  pump  broke, 
a  length  of  over  200  yd.  of  pipe  falling  down  the  shaft 
and  burying  itself  and  the  sinking  pumps  in  the  shaft 
bottom.  A  diver  was  sent  down  for  several  days  in 
succession  to  ascertain  the  best  places  for  progres- 
sively lowering  the  new  sinking  pumps,  and  even- 
tually the  shaft  was  cleared.  Another  instance  of 
the  utility  of  divers'  work  was  afforded  in  a  pit  at 
Heme,  Westphalia,  where  a  shaft  was  being  unwatered 
by  means  of  water  barrels,  which  operation  was  re- 
tarded by  a  bar  connecting  the  on-setting  device  at 
the  pit  eye.  This  bar  had  to  be  partly  unbolted  and 
partly  cut  through  by  the  diver,  who  also  repaired 
and  renewed  the  guides  and  set  up  wire  netting  10  ft. 
in  height  on  both  sides  of  the  pit  eye  to  prevent  the 
water  from  floating  anything  down  from  the  roads 
into  the  shaft. 

Installing  Centrifugal  Pump  to  Work  in  30  Ft.  of 
Water. — In  putting  down  a  new  winding  rope  at  the 
De  Wendel  pit  the  old  rope,  which  was  attached  to 
the  new  one,  broke  and  dragged  the  latter  down  the 
shaft,  and  at  the  same  time  completely  destroying  the 
tail  rope.  The  whole  of  them  fell  into  sump  and 
.■^topped  the  pump  at  work  there,  and  the  diver  was 
engaged  for  nearly  three  weeks  in  clearing  up  the 
damage.  Again,  while  the  No.  11  shaft  at  the  Ewald- 
Fortsetzung  pit  was  in  course  of  sinking,  a  sudden 
rush  of  water  flooded  the  pump  motor,  and  it  was  de- 
cided to  install  a  centrifugal  pump  to  work  in  30  ft. 
of  water  so  that  no  suction  would  be  required  even  if 
the  water  level  were  lowered,  the  motor  being  mounted 
just  below  bank  in  order  to  guard  against  flooding  in 
the  future.  With  this  object  a  diver  was  sent  down 
to  put  up  a  pair  of  10y2-in.  iron  girders  across  the 
18-ft.  shaft  and  bolt  them  to  the  flanges  to  the  tub- 
bing (Fig.  4).  Two  iron  plates  to  carry  the  pump 
were  secured  to  the  girders,  the  suction  pipe  of  the 
pump  being  led  up  between  them.  The  vertical  shaft 
of  the  pump  was  led  up  about  65  ft.,  inside  the  upcast 
pipe  and  guided  by  wooden  bearings  mounted  between 
the  pipe  flanges.  The  upcast  pipe  was  bent  horizon- 
tally just  below  the  motor  and  was  provided  at  the 
bend  with  a  stuffing  box  for  the  passage  of  the  pump 
shaft.  The  pump  was  constructed  to  raise  660  gal. 
per  minute  against  a  head  of  190  ft. 

In  the  foregoing  operations,  wherever  compressed 
air  was  available,  the  supply  of  air  to  the  diver  was 
taken  direct  from  the  air  mains,  thus  dispensing  with 
the  troublesome  work  of  pumping  air.  In  several 
cases  mine  officials  who  had  studied  diving  operations 
during  their  mining  school  course  rendered  effective 
assistance  to  the  diver;  and  it  is  therefore  recom- 
mended that,  in  the  case  of  pits  where  water  troubles 
are  frequent,  some  of  the  officials,  overmen  in  par- 
ticular, should  occasionally  practice  working  in  diver's 
dress  (on  the  same  lines  as  the  members  of  rescue 
corps  exercise  with  breathing  appliances)  at  some 
mining  school  where  such  instruction  is  given. 


The  public  utilities  of  Russia,  including  canals,  rail- 
ways, water  works  and  gas  works,  are  to  be  national- 
ized by  decree  of  the  Soviet  Council. 
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Improved  Method  of  I^nitinj^  Fuse 

An  important  method  of  spitting  a  round  of  holes 
in  a  drift  or  stope  is  descriljed  by  Mr.  E.  M.  Weston 
in  the  EnjrineerinK  and  Mining  Journal,  from  which 
the   following   is   abstracted. 

For  many  years  on  the  Witwatersrand  all  fuses 
were  spit  by  means  of  a  "cheesa  stick,"  which  was  a 
thin  piece  of  pine  having  twisted  around  it  a  thin  strip 
of  blasting  gelatin,  sometimes  damped  with  mud  to 
make  it  burn  slowly.  The  fuse  ends  were  split  in  the 
usual  manner  and  the  spurting  tire  from  the  burning 
cheesa  stick  gave  a  flame  that  ignited  the  fuses  easily 
and  was  difficult  to  put  out  even  in  a  wet  place.  The 
u.se  of  these  spitters  was  finally  forbidden  by  law,  and 
now  all  fuses  are  ignited  by  specially  manufactured 
sticks  which  give  olT  only  a  small  fraction  of  1  per 
cent  nitrous  acid  gas.  Some  of  these  are  manufac- 
tured by  the  explosive  companies  and  others  under 
various  patents.  The  improved  type  gives  out  a  strong 
flame  at  the  end  like  that  of  a  slow-burning  "stiuib," 
is  about  6  in.  long  and  '^  in.  in  diameter,  burns  for 
3  to  5  minutes,  and  has  a  wooden  handle  3  in.  long. 
Fuses  are  usually  cut  6  ft.  in  length.  It  .seemed  possi- 
ble to  avoid  loss  of  time  and  labor  in  igniting  each 
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Fig.    1 — Igniter    Designed    for    16-Hole 


hole  in  proper  succession,  and  \V.  J.  Pickford  has  re- 
ported as  follows  upon  the  system  in  use  at  the  Crown 
mines,  in  the  Transvaal,  of  which  he  is  joint  general 
manager: 

In  September,  1916,  a  trial  was  made  of  a  fuse  ig- 
niter designed  by  Mr.  Fisher.  This  was  named  the 
"mouse  trap."  It  proved  reliable,  and  a  simple  varia- 
tion is  shown  in  Fig.  1.  It  is  made  from  a  block  of 
soft  wood,  octagonal  in  shape,  I'l  in.  high  with  sides 
of  octagon  1  in.  long.  Through  the  center  of  this  block 
a  hole  7/16  in.  in  diameter  is  made,  and  each  face  of 
the  octagon  has  two  3/16-in.  holes  with  'j-in.  centers 
bored  through  horizontally  to  the  center  hole.  A  "cape 
explosive"  "cheesa  stick"  with  the  glazed  paper  wrap- 
ping taken  off  the  portion  in  the  block  is  put  in  the 
7  16-in.  hole  and  the  pieces  with  ends  cut  off  square 
are  put  into  the  3  16-in.  holes  and  pressed  up  to  the 
"cheesa  stick."  The  pieces  are  cut  for  timing  before- 
hand. The  miner  lights  the  "cheesa  stick"  at  the  other 
end  and  has  an  extra  3  or  4  minutes  to  get  away,  or 
the  fuses  can  be  shortened.  Miners  are  so  used  to 
toiling  the  fuses  outside  the  hole  to  prevent  cut-off 
that  they  may  be  prejudiced;  but  it  must  be  remem- 
bered that  if  the  fuse  is  good  and  properly  cut  it 
should  have  burnt  into  the  tamping  of  all  holes  before 
the  first  one  goes  off. 

A  small  6-hole  block  shown  in  Fig.  2  was  tried  for 
sloping.  A  still  simpler  form  is  shown  in  Fig.  3.  The 
miner  cuts  his  fuses  for  timing,  and,  holding  the  four 
ends  together,  inserts  them  as  shown.  When  blast- 
ing, he  pushes  the  end  of  the  "cheesa  stick"  into  the 
block,  and  the  fuses  all  ignite  together.     If  less  than 


four  holes  have  to  be  spit  a  short  length  of  "dummy" 
fuse  makes  up  the  number  to  fill  the  holes.  This  de- 
vice has  led  to  the  introduction  of  a  blasting  gang, 
comprising  a  white  man  and  several  natives.  The 
mirters  load  the  holes  in  the  usual  way  and  prepare 
the  blocks  for  blasting,  leaving  a  cork  on  the  open 
end.  When  the  miners  come  off  shift  they  see  the 
blaster  and  tell  him  what  holes  and  benches  to  blast. 
The  blaster  goes  down,  and,  working  against  the  air 
current  and  down  the  stopes,  collects  the  corks  as  he 
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Fig.  2— Plan   and  Section  of  6- Hole    Igniter. 

goes  through,  counts  shots  if  he  can,  returns  after 
two  hours  to  blast  any  misfires,  and  reports  on  the  air 
and  water  service. 

The  system  has  the  following  advantages:  1.  No 
one  in  the  section  need  be  exposed  to  fumes  or  dust. 
2.  There  is  no  waiting  for  the  inside  man  to  blast;  men 
can  be  hoisted  regularly.  3.  There  is  no  rush  in  load- 
ing holes.  4.  There  is  no  danger  of  natives  being  in 
the  stope.  5.  Trammers  and  timbermen  can 
work  until  the  end  of  the  shift.     6.  There  is  no  con- 
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Fig.    3 — Arr.ingement    of    4. Hole    Fu»e    Igniter. 

fusion  in  counting  holes.  7.  The  number  of  "cheesa 
natives"  is  reduced.  8.  Spitting  is  quicker  and  safer. 
9.  A  miner  can  get  out  after  finishing  his  wo.-k. 


Operation  of  LexiriKlon  .Ave.  Subway,  New  York 
City,  Started.— Temporary  operation  of  the  new  Lex- 
ington Subway  of  New  York  City  began  on  July  17. 
The  subway  has  been  in  course  of  construction  for 
several  years  and  will  cost  completed  about  $58,800,- 
000,  including  the  equipment,  furnished  by  the  Inter- 
borough  Rapid  Transit  Co.  It  represents  about  G.2.J 
linear  miles  of  subway,  but  adds  23.6  miles  of  track 
to  the  new  lines  of  the  Dual  System  in  operation. 


Municipalh'  Owned  Electric  Railways  for  l^ouisiana. 

— The  .State  Legislature  of  Louisiana  has  passed  a  bill 
empowering  imiiiicipalities  in  the  .state  to  combine 
and  co-operate  with  each  other  in  the  ownership,  con- 
struction and  operation  of  electric  interurban  rail- 
ways and  hydro-electric  plants.  The  bill  is  an  exact 
copy  of  the  act  passed  by  the  Mississippi  Legislature 
in  March. 
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Contractors  Appeal  to   Drainage 
Districts  for  Assistance  in  Un- 
completed Portions  of  Work   . 
on  Pre- War  Contracts 

Relief  from  the  present  onerous  conditions  in  the 
drainage  lield  is  asked  in  an  appeal  to  drainage  dis- 
tricts by  the  Levee  and  Drainage  Contractors'  Asso- 
ciation of  the  U.  S.  A.    The  appeal  follows: 

Unpai-alleled  and  unprecedented  conditions  confront 
us.  Increased  cost  of  labor  and  materials  and  scarcity 
of  such  labor  and  material  puts  a  burden  on  certain 
classes  of  industries  which  has  become  almost  unbear- 
able. Coal,  steel  and  iron  products  prior  to  the  war 
which  were  most  easily  obtained,  have  reached  a  point 
where  prices  are  not  only  prohibitive,  but  it  is  almost 
impossible  to  obtain  them  at  any  cost  for  certain  kinds 
of  industries. 

Labor  of  all  kinds  is  at  a  premium  and  a  certain 
floating  element  that  can  be  hired  is  not  only  in  some 
instances  woefully  inefficient,  but  will  not  stay  with 
the  job  longer  than  the  first  pay  day. 

The  drainage  contractors,  as  a  class,  have  suffered 
from  these  abnormal  conditions  more  than  any  other 
industry.  Their  work,  as  a  rule,  is  isolated  from  the 
industrial  centers  and  the  inducements  offered  by  con- 
tractors on  Government  work,  together  with  heavy 
draft  for  military  service,  have  depleted  the  supply  of 
local  labor,  which  at  one  time  was  available. 

Prices  have  been  established  by  the  ruling  of  our 
Government  on  all  of  the  principal  commodities  that 
are  used  in  this  line  of  work  and  these  prices  have 
been  increased  from  100  to  200  per  cent  higher  than 
they  were  at  the  time  on  which  the  contractors  based 
their  figures.  In  addition  by  recent  rulings  of  our 
Government,  freight  rates  were  increased  25  per  cent. 
It  therefore  becomes  necessary  for  the  drainage  con- 
tractors to  appeal  for  relief.  First  in  the  way  of  an  in- 
crease in  prices  on  pre-war  contracts,  or  contracts  en- 
tered into  shortly  after  war  was  declared,  but  before 
the  extremely  bad  conditions  existed,  or  entire  sus- 
pension of  all  work  that  is  being  done  at  a  loss,  due 
to  the  chaotic  conditions  that  are  entirely  attributable 
to  the  war,  and  which  were  impossible  to  foresee  when 
contracts  were  entered  into. 

Other  industries  have  been  allowed  to  add  to  the 
price  of  their  products  all  these  increases,  while  the 
contractor  is  an  ultimate  consumer  and  must  bear 
the  whole  load,  for  he  has  nothing  to  sell  to  which 
the  increased  cost  may  be  added.  It  is  therefore  in 
reason  that  this  appeal  is  justified  and  that  an  increase 
in  the  price  for  work  sufficient  to  absorb  this  added 
cost,  should  be  allowed  by  the  taxpayers  of  drainage 
districts,  when  costs  were  based  on  pre-war  prices.  All 
reclaimed  lands  have  increased  substantially  in  value 
and  all  farm  products  have  enormously  increased  in 
which  the  land  owner  is  sharing  and  receiving  benefits. 
The  Government  in  many  instances  with  its  con- 
tractors under  similar  conditions  have  added  to  the 
price  of  their  work  and  in  other  instances  allowed  the 
work  to  be  suspended  until  conditions  become  more 
normal.  To  suspend  the  work  in  drainage  districts 
that  are  partially  complete  would  in  some  instances 
be  a  serious  matter  on  account  of  the  finished  portion 
of  the  work  having  no  outlet  and  the  lands  below  being 
jeopardized  by  the  added  overflow  that  will  be  caused 
by  the  work  that  is  already  completed,  and  the  only 
solution  in  such  cases  would  be  to  increase  the  price 
to  allow  the  contractors  the  added  cost  to  them  for 
completing  the  work. 


Another  phase  of  this  matter  which  would  lessen 
the  cost,  would  be  that  engineers  and  boards  of  com- 
missioners, construe  the  contract  and  specifications 
more  liberally  and  not  force  the  contractor  to  perform 
unnecessary  requirements  which  add  to  the  cost  only 
and  are  absolutely  of  no  benefit  to  the  work. 

The  engineers  are  therefore  requested  to  make  a 
more  liberal  inspection  and  construe  the  contract  more 
favorably  to  the  contractor.  Some  engineers  have  re- 
alized the  injustice  of  exacting  unnecessary  require- 
ments at  this  time  and  have  voluntarily  conceded  these 
points  a'ud  it  should  be  applied  in  all  cases. 

Further  the  retained  percentage  which  ranges  from 
10  to  20  per  cent  on  contracts  until  they  are  entirely 
completed,  forces  the  contractor  to  constantly  seek  ad- 
ditional funds  with  which  to  carry  on  his  work  and 
as  the  banks  have  restricted  their  lines  of  credit,  es- 
pecially to  drainage  contractors  on  account  of  the 
dangerous  conditions  confronting  them,  renders  it  al- 
most impossible  for  contractors  to  borrow  money. 

While  the  retained  percentage  in  some  instances  is 
a  statutory  requirement,  it  can  be  offset  by  allowing 
advances  on  material  and  supplies  which  must  be  ac- 
cumulated far  in  advance  of  their  needs  to  enable  the 
contractors  to  continue  the  work  for  reason  that  no 
definite  date  of  shipment  can  possibly  be  assured  by 
the  producers. 

We  wish  to  be  understood  that  it  is  not  the  desire 
of  the  contractor  to  make  any  profit  on  pre-war  con- 
tracts; all  that  is  desired  is  an  increase  sufficient  to 
equal  the  added  cost  and  we  ask  that  fair  and  earnest 
consideration  be  given  this  appeal. 

In  conclusion  we  wish  to  state  that  it  is  our  inten- 
tion to  work  in  harmony  with  the  various  districts  so 
that  these  pre-war  contracts  may  be  completed  as 
speedily  as  possible,  for  we  feel  that  it  is  a  patriotic 
duty  to  aid  the  Government  in  every  way  possible  to 
drain  the  lands  and  enable  land-owners  to  prepare 
them  for  cultivation  and  receive  the  benefits  of  their 
use  and  that  the  production  of  food  may  be  increased 
to  feed  our  people  and  our  allies  in  the  war. 


Special  Tongs  for  Handling  3  Ft.  Sections 
of  Precast  Concrete  Pipe 

Special  tongs,  devised  on  the  job,  facilitated  the 
handling  of  the  precast  sections  of  the  filter  gallery 
of  Los  Angeles,  Cal.  The  gallery  consists  of  8,000  ft. 
of  2^2  ft.  reinforced  concrete  pipe,  the  invert  portion 
of  which  is  made  up  of  precast  semi-cylindrical  sec- 
tions about  3  ft.  long. 
These  sections  were 
cast  at  points  about 
350  ft.  distant  from 
where  they  were  to 
be  used.  The  tongs 
used  in  handling 
these  sections  were 
attached  to  the  hoist- 
ing tackle  of  a  steel 
traveling  crane  op- 
erating on  a  portable 
track  alongside  the  trench.  The  tongs  consist  of  a 
steel  beam  4  or  5  ft.  long  having  an  L-shaped  arm 
pivoted  at  each  end.  The  short  legs  were  bent  at  an 
angle  of  90°  to  the  long  legs  and  carried  bearing  plates 
to  clamp  onto  the  invert  sections.  When  the  tongs  are 
open  the  long  legs  are  bolted  to  the  beams.  After  the 
bolts  are  removed  the  upward  motion  of  the  hoisting 
tackle  revolves  around  the  pivots,  causing  the  lower 
ends  to  engage  the  curved  surface  of  the  invert  sec- 
tion below  the  springing  line. 


Gripping   Position  of  Tongs. 
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Railway   Construction   About   to 
Begin 

The  long  period  of  liuilness  in  the  railroad  construc- 
tion field  is  apparently  about  over.  A  number  of  k'>oiI- 
sized  jobs  have  been  placed  under  contract  in  the  last 
few  days,  and  many  other  important  lettinjjs  are  ex- 
pected in  the  near  future.  Schedules  of  improvements 
are  now  being  completed  as  rapidly  as  possible  by  the 
various  railways,  and  contractors  will  probably  be 
asked  shortly  to  submit  figures  on  a  large  amount  of 
work.  Several  of  the  recent  railway  contracts  have 
been  let  on  a  cost  plus  a  percentage  basis.  The  several 
hundred  million  dollars  which  the  Government  is  to 
e.xpend  during  1918  for  improvements,  grade  revisions 
and  betterments  has  been  apportioned  as  follows: 

Alabitiiiu  Great   foulhern    $  l.OrtS.iMiO 

Ann   .Aibor   2.160.0UII 

Sniua  hi-    11. 465,0(10 

Atlanlu,    HtrmlnRham  &  Atlantic 1.36I.UU0 

Atliiiilii  cb    West   I-oint   508.000 

Atlanlie   t'oast    Line    , 10, 

Uiiltiniure    Jt    Ohio 43. 

B.  &    O.   ChicaBo  Terminal 

BanKur  &  Aroostook   1, 

Bessemer  &   I.iil<e   Krie 1. 

Boston   &    .-Vlbany 3, 

Bo.xton    &    .Maine 22, 

Biinalo.    Rochester  &    Pittsburgh 4, 

Carolina.    Clinchfteld    &    Ohio 4, 

Central    of    Georgia 3, 

Central  New  En'.;land   

Central  K.   R.  of  New  Jersey 16, 

Central  Vermont    

Chesiipeake   &    Ohio    18, 

ChlcuK"   ^:    Alton 1, 

Chlc.iMo   iii    Eastern   Illinois 4, 

ChlcaRO   &    North-Western    11, 

Chicago  &   Western  Indinna,  Chicago  Belt 1, 

Chicago.    B'irllngton   ■&    Quincy 12, 

Chicago  (ireat  Western    1, 

Chicago  Junction    

Chicago.   Milwaukee  &   St.    Paul 23, 

Chicago.    Peoria  &    St.    Louis 

Chicago.    Rock    Island    &    I'acitlc 14, 

C.  St.    P.    M.    &    0 2 

Chicago  I'nion  Station   1, 

Cincinnati.     Indianapolis    &    Western 

CincinnMli.  .W-w  <  ineans  &  Texas  Pacific 6 

Cincinnati    Northern    

C.  C.  C.  &   St.  L L'2, 

Colorado   Southern    1 

Colorado    &    Western 

Delaware  &    Hudson 3 

Delaware.    Lackawanna    &    Western 3 

Denver    &    Rio    Grande 2 

Detroit  &   Toledo  Shore  Line 2 

Detroit    Terminal    • 

Duluth    &    Iron    ftange 1 

Duluth.    Mi'sabe  &    Northern 3 

Kast    St.    Louis   Connecting 

KIgln.    Jolict    &    Eastern 1 

El  Paso  &    Southwestern 3 
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Florida    East   Coast    

BBf^   Worth  &   Denver 

Grand    Rapids   &    Indiana 1, 

Great    Northern    14, 

Gulf   Cnam   &   San   Francisco 2, 

Gulf,    Mobile   &   Northern 1, 

Hocking    Valley    S, 

Hudson    River  Connecting   2, 

Illlnoi.s     Central     26, 

Indiana    Harbor    Belt    2 

Indianapolis    I'nlon    1, 

International   &    Great    Northern 

Kansas   city    Southern    2 

Kansas    Cllv    Terminal    1, 

Kentucky   &    Indiana    Terminal 

Lake    Krie   &    Westi-rn 3. 

I^high    &    New    England 1, 

Iv-hlgh    &    Hudson    River 

l^ehigh    Valley    9, 

I>ong    Islanfl     2, 

I>rs  .Ang.les  &  Salt  Ijike 1 

Louisville    *     Nashville 12, 

Loulsvlllf.    Hender>'on  &    St.   Louis 

Mahrining    Coal    1, 

Maine    Central - 

Michigan    Central    : 

Midland    Valley    

Minneapolis   &    St.    Louis 

MInneaiiolls.    Si.    Paul  &    Sault   Sle.    Marie ' 

Missouri.    Kansas   &   Texas 

.Mipsouri    I'aclflc    ;« 

Mobilt    &    Ohio 

Nashville.   Chattanooga  &   St,    Louis  '' 

New    York    Central 

N.    v..   C.   &   St.    Louis 

New    York  Connecting 

New   York.    New   Havon  A   Hartford .' 

N     V.   ft.   &   W 
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Norfolk   &    Western 

Northern    Paclllc     

Northwestern    I'aclflc    

Pennsylvania    Eastern    Lines 


Federal    Employment  Agency  to   Handle 
Distribution  of  Lnskilled  Labor 

After  Aug.  I,  the  recently  estal<lished  United  States 
Employment  Service  will  undertake  to  be  the  medium 
through  which  employers  obtain  their  unskilled  labor. 
From  that  date  the  service  will  operate  its  branch 
offices  as  labor  exchanges  for  bringing  together  work- 
ers and  the  employers  who  need  their  services.  In 
carrying  out  this  plan  the  country  has  been  divided 
into  13  districts,  each  in  charge  of  a  district  superin- 
tendent. In  all  -100  branch  offices  are  now  being  op- 
erated or  are  being  opened,  and  other  branch  offices 
will  be  established  as  needed. 

The  centralization  of  recruitment  of  unskilled  labor 
will  affect  establishments  employing  100  or  more 
workers.  Establishments  employing  a  smaller  force 
will  be  free,  if  they  choose,  to  proceed  in  their  usual 
manner.  The  establishments  which  come  within  the 
plan,  too,  will  be  permitted  to  hire  in  the  ordinar>' 
way  such  workers  as  present  themselves  without  in- 
ducements from  the  employer.  In  other  words,  em- 
ployers will  be  free  to  engage  men  who  offer  them- 
selves at  the  factory  gate  without  having  been  so- 
licited, directly  or  indirectly. 

The  plan  is  intended  to  put  an  end  to  the  waste  and 
the  disorganization  which  arise  from  "stealing  labor." 
It  is  meant  to  substitute  an  orderly  procedure  through 
which  each  establishment  will  be  able  to  supply  its 
needs  for  unskilled  labor  in  accordance  with  impor- 
tance of  the  work  upon  which  it  is  engaged.  So  far 
as  the  plan  operates  to  withdraw  unskilled  labor  from 
industry  not  directly  connected  with  the  war,  the 
withdrawals  will  be  distributed  as  etiuitably  as  pos- 
sible, under  control  from  the  central  War  Labor  Poli- 
cies Board. 

Priorities  for  labor  will  be  established  only  where 
there  is  an  actual  shortage.  Such  priorities  as  are 
given  will  accord  with  the  priorities  deterfiiined  for 
fuel*- materials,  etc.,  by  the  War  Industries  Hoard. 

Other  principles  that  have  been  determined  sup- 
port the  general  purpose  of  the  plant.  For  example, 
the  local  supply  of  labor  is  to  be  applied  to  meet  the 
local  demand.  Workers  will  be  transported  from  one 
community  to  another  only  when  coiulitions  leave  no 
alternative,  and  then  they  will  be  transported  the 
.shortest  possible  distance. 

The  proposed  monopoly  of  the  Employment  Ser^•- 
ice  in  distributing  unskilled  labor  does  not  now  ex- 
tend to  skilled  labor.  For  the  present,  skilled  labor 
may  be  recruited  by  all  employers  as  heretofore.     At 
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the  same  time,  the  offices  of  the  Employment  Service 
will  in  no  wise  decrease  their  services  in  providing 
skilled  workers. 


Pneumatic  Punching  Device  for  Drill  Steel 

A  pneumatic  device  for  opening  up  the  hole  in  the 
end  of  a  piece  of  steel  while  being  worked  into  a  bit 
or  lug  has  recently  been  placed  on  the  market  by  the 
Denver  Rock  Drill  Manufacturing  Co.,  Denver,  Colo. 
I'his  device  is  called  the  Model  10  "Waugh  Steel 
Punching  Machine"  and  is  designed  to  be  mounted 
on  the  pedestal  of  the  company's  Model  8  "Waugh" 
Sharpener  directly  in   the  rear  of  the  vise  jaws,  as 


Waugh    Drill    Steel    Puncher. 

shown  in  the  illustration.  The  punch  is  held  in  a 
tappet  chuck  and  is  hammered  into  the  steel  as  it  is 
fed  forward  by  an  air  feed  cylinder.  The  operation 
is  very  simple  and  it  is  stated  the  punch  will  open  up 
the  water  hole  in  a  shank  or  bit  in  one-tenth  the  time 
required  to  do  it  by  hand.  This  device  may  also  be 
mounted  on  a  separate  pedestal  where  such  an  ar- 
rangement is  desirable. 


Sand  Pump  Handles  Screenings  at  Crush- 
ing Plant 

A  particularly  efficient  crushing  plant  is  employed 
at  the  Ojus,  Fla.,  quarries  of  Evert  P.  Maule.  The 
stone  is  a  coralline  formation  and  unusually  hard.  It 
is  dredged  from  under  water  by  two  lYo  cu.  yd. 
dredges  which  load  into  6  cu.  yd.  Western  side  dump 
cars.  The  present  cut  is  over  a  mile  in  length  and 
from  20  to  25  ft.  deep.  At  the  crushing  plant  the 
loaded  cars  are  hauled  up  a  40-ft.  incline  railway  to 
the  two  Champion  jaw  crushers.  The  hauling  is  done 
by  a  3-drum  Mundy  hoist,  which  also  is  utilized  for 
spotting  freight  cars  below  the  crusher.  Each  6-yd. 
car  as  it  arrives  at  the  top  is  dumped  into  a  large 
hopper  from  which  the  stone  is  fed  over  a  grizzly,  the 
fine  stuff  dropping  through,  the  coarse  going  into  the 
crusher.  As  the  rock  is  carried  through  the  crusher 
heavy  jets  of  water  wash  out  the  fine  stuff.  A  steam 
pump  on  top  of  the  plant  washes  out  the  cars.  A  4- 
in.  sand  pump  takes  away  the  screenings,  discharging 
them  into  a  muck  pond  from  which  this  fine  material 
is  loaded  and  shipped  for  various  purposes,  it  hav- 
ing high  cement  qualities.  The  average  output  of  the 
plant  is  50  carloads  of  stone  per  day. 


News  Letter 
St.  Louis  Items. 

Clark  &  Jackson  have  re-sumed  work  on  the  il.,  K.  cS:  T.  R.  R. 
at  Augusta.  Mo. 

Smith  Bros,  have  subbed  the  Wood  River  Levee  work  near 
P^ast  Alton   from   Mulvill  Bros. 

M.  L  Windham  is  building  a  mine  spur  and  passing  track 
on    Illinois    Central    R.    R.    near   Golconda,    111. 

The  Illinois  Central  R.  R.  Co.  suspended  operations  tempo- 
rarily on   their  new  cutoff  near  Dawson   Springs,   Ky. 

P.  J.  Murphy  has  moved  a  part  of  his  outfit  to  Moulton,  Iowa, 
where  he  is  building  a  reservoir  for  the  \^'abash  R.   R. 

Cook-O'Brien  Construction  Co.  secured  the  contract  for  build- 
ing a  reservoir  for  the  Burlington  R.   R.  near  Brookfield,   Mo. 

The  Dunn-JicCarthy  Co.  are  doing  a  lot  of  force  account  work 
for  the  Pennsylvania  R.  R.  near  Terre  Haute  and  Frankfort.  Ind. 

Newt.  Wilcoxon  has  been  appointed  an  inspector  of  ordnance 
and  equipment  by  the  government,  with  headquarters  at  Kno.x- 
ville.    Tenn. 

R.  M.  Davies  finished  his  work  at  W'est  Point,  Miss.  Has  a 
good  machine  outfit  idle.  4533  Chouteau  avenue.  St.  Louis,  Mo., 
will  catch  him. 

Chas.  C.  Stoner,  Mendota,  111.,  has  12,000  yards  of  grading 
on  the  Illinois  Central  R.  R.  near  Peotone,  111.,  to  sublet.  The 
job   is  a   passing  track. 

Contractors  when  in  want  of  labor  or  work  for  their  outfits 
write  Koenig  Labor  Agency,  612  Walnut  street,  St.  Louis.  ^lo.,  or 
503  Delaware  street.  Kansas  City,  Mo. 

The  Old  Ben  Coal  Corporation  has  about  .SOO.OOO  yards  of 
grading  and  a  spur  and  yard  at  West  Frankfort,  111.,  to  let.  R. 
L.   Adams.   Christopher.   111.,   is  chief  engineer. 

Mulvill  Bros,  sold  quite  a  number  of  mules,  dump  wagons 
and  wheelers  to  the  Standard  Oil  Co.,  who  are  going  to  use  them 
on  their  new  mine  development  near  Carlinville,   111. 

J.  A.  Ware  has  moved  his  office  from  the  Houser  building, 
where  he  has  been  for  over  twenty  years,  to  611  Boatmans'  Bank 
building.  The  Houser  building  is  going  tb  be  remodled  and  used 
as  an  annex   to   the  Laclede   Hotel. 

E.  G.  Burkham.  vice-president  of  the  Moreno-Burkman  Con- 
struction Co..  St.  Louis.  ]\Jo.,  has  been  appointed  expert  in 
charge  of  the  commodity  section  of  building  materials  in  the 
Bureau  of  Supplies  and  Accounts  in  Washington.  This  is  a 
branch  of  the  purchasing  and  handling  all  of  building  material 
for  the  department.  Burkham  in  his  capacity  as  expert  in  charge 
of  this  section  will  also  represent  the  navy  in  the  building  ma- 
terial section  of  the  War  Industries  Board. 

A.   B.    Koenig. 


Personals 

R.  S.  Parsons  has  been  appointed  chief  engineer  of  the  Erie 
R.   R. 

Thomas  H.  Reed  has  resigned  as  city  manager  of  San  Jose, 
Cal..  to  return  to  a  professorship  at  the  University  of  California. 

W.  B.  Storey,  formerly  chief  engineer  of  the  Santa  Fe  Sys- 
tem and  later  vice-president,  has  been  appointed  federal  manager 
of  the  railway. 

Sicms-Carey  Co..  railroad  contractors,  have  opened  a  branch 
office  in  the  L  O.  Smith  building,  Seattle.  Wash.  W.  F.  Carey 
is  in  charge  of  the  office. 

J.  C.  Caldwell,  manager  of  the  city  electric  light  and  water 
plant  of  Osceola,  Fla.,  has  been  elected  city  manager  to  succeed 
J.  N.  Johnson,  who  recently  resigned  his  position  and  left  for 
North  Carolina  to  accept  a  similar  position  in  Wilmington.  N.  C. 

R.  D.  Goodrich  has  resigned  as  city  engineer  of  Lansing. 
Mich.,  and  will  sail  from  San  Francisco  July  27  for  China,  where 
he  will  be  engaged  in  making  surveys,  plans  and  estimates  for 
rebuilding  a  portion  of  the  grand  canal  of  China,  a  section  about 
211)   miles  in   length. 

Appointments  as  follows  have  been  made  by  L.  Kramer,  fed- 
eral manager  of  the  St  Louis  &  San  Francisco  and  Missouri. 
Kansas  &  Texas  Rys. :  B.  T.  Wood,  assistant  federal  manager  of 
all  lines:  J.  M.  Kurn.  general  manager  St.  Louis  Southwestern; 
G.  N.  Whitehead,  general  manager  Missouri,  Kansas  &  Texas; 
V.  K  Hendricks,  chief  engineer  of  all  lines,  and  G.  E.  Scott,  pur- 
chasing agent  all  lines. 

J.   G.   Sullivan  has  resigned  as  chief  engineer  of  the  Canadian 
Pacific    Ry.     Mr.    Sullivan    will   probably   engage   in    private    prac 
tice,    but    he    will    also    retain    his    connection 
company   in   a   consulting   capacity.       For     the 
intention   to  take   a   rest   on   account   of  slight    i 
health   due   to   the   strain   of  his   heavy   duties. 

the    construction    of    the    Connaugh    tunnel    through    the    Selkirk 
mountains. 

The  Emergency  Fleet  Corporation  has  announced  the  crea- 
tion of  the  office  of  district  manager  in  the  efforts  being  made 
to  speed  up  production.  Sidney  G.  Jenks  was  appointed  to  su- 
pervise construction  in  District  No.  3.  embracing  all  plants  south 
of  Wilmington,  Del.,  and  including  the  coast  of  Virginia.  Henry 
Penton  will  assume  control  of  District  No.  9,  comprising  the 
Great  Lakes  zone,  and  -Ai.  F.  Pillsburj'  will  be  in  charge  of  Dis- 
trict  No.   7,   embracing  California. 

The  following  promotions  have  been  announced  for  the  Penn- 
sylvania Lines  West:  R.  D.  McKeon,  division  engineer,  western 
division,  vice  Guy  Scott,  furloughed  for  military  service;  T.  C. 
Herbert,  assistant  division  engineer,  Pittsburgh  division,  vice 
JtfKeon;  F.  N.  Hawthorne,  assistant  division  engineer.  St.  Louis 
division,  vice  Herbert:  T  H.  Miller,  assistant  division  engineer, 
Loui.'^ville  division,  vice  Hawthorne;  I.  A.  Jaques,  assistant  divi- 
sion engineer.  Zanesville  division,  vice  G.  U.  Middleton,  de- 
ceased; W.  R.  Triem,  assistant  division  engineer,  Akron  division, 
vice  Jaciues. 

W.  .V.  James  has  been  appointed  assistant  chief  engineer  of 
the  Canadian  Pacific  Ry.  Mr.  James  has  been  construction  engi- 
neer of  the  company  for  a  number  of  years.  He  was  first  in 
charge  of  the  grade  revision  work  done  on  the  line  between 
Moose  .Taw  and  Swift  Current  and  betw^een  Swift  Current  and 
Medicine  Hat.  Subsequently  he  was  in  charge  of  the  donble- 
tracking  of  the  line  between  Fort  "William  and  W"innipeg' and 
later  built  thousands  of  miles  of  line  for  the  company  throughout 
Western  Canada,  and  also  conducted  the  doubletracking  opera- 
tions   w-ost    of  Winnipeg. 
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Roadt  and  Streets — l«t  Wednesday 

(a)  nnnds  1.1    Str.rl    Cloanlne 

(b)  Stric'ts  (J)    .Municipal   MlsccllanU-a 

Waterworks  and  Hydraulics — 2nd  Wednesday 

la)    WaHvrworka  (<■)    IrrlKatlon    and    Dralnaice 


Railways  and  Govt.  Works — 3rd  Wednesday 

fa)    Ricnvallnn     and  (c>    Harbor.n    and     Cx.cki 

Dr.-d|cln« 
(b)   Ulvira  and  Canals      (dj    Kallway   Cunstrucilo 

Buildings    and   Structures — 4lli   Wednesday 
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Are  Engineers  Narrow  Minded?  If 
So,  What  Class  Is  Broad  Minded? 

Not  lonp  ago  "The  Canadian  Enjrineer"  nuoted  at 
length  from  an  article  by  Charles  M.  Horton  in  "In- 
dustrial Management,"  and  condemned  Mr.  Horton's 
statement  that  engineers  are  narrow  minded.  Mr. 
Horton  said  in  part: 

i>omethini?  is  wrong  with  the  profession — has  l>eon  wrong  from 
the  rtrst.  ICngineerlng  cour.^es  are  not  quite  what  they  should 
be — not  ciuite  complete.  If  they  were,  engineers  would  be  dif- 
ferent. They  would  think  In  channels  somewhat  broader  than 
they  do;  they  would  .see  with  clearer  and  more  generous  vision. 
Engineers  must  think  in  broader  channels— must  see  with  more 
generous  vision — if.  having  once  moved  into  the  forefront,  as 
they  will,  they  would  remain  there — would  not  go  back — as  the 
clerg>'  has  gone  back,  as  the  law  has  gone  back,  as  medicine  Is 
going  back.  Once  to  the  front,  engineers  could  stay  there.  They 
could  stay  there  If  only  they  would  profit  by  the  mistakes  of 
their  brethren  In  the  older  professions,  and  study  the  New  Man- 
agement. Which  means  that  engineers  have  got  to  forget  some 
thing.':  and  learn  some  other  things.  Forgetting,  and  learning, 
they  will  have  attained  to  mastery  over  the  world.   .    .    . 

The  human  element,  after  all,  despite  mechanical  perfection, 
despite  the  laws  governing  the  sum  of  two  (Igures.  Is  the  vital 
element,  tho  clement  that  makes  or  breaks* — the  one  science 
above  all  sciences  deserving  of  consideration  and  study  on  the 
part  of  the  engineering  fraternity. 

Knglneers  as  a  race  have  not  studied  it.  They  have  consid- 
ered It,  of  course,  as  in  the  designing  of  apparatus:  but  this 
con.tlf'eration  for  the  most  part  may  be  summed  up  and  dls- 
mlpsed— as  it  is  summed  up  and  dismissed  in  all  drawing-rooms 
— in  a  single  compound  word,  "fool-proof."  . 

Uul  of  all  this  emerges  a  broad  general  conviction.  It  Is 
that  the  engineering  mind,  taken  collectively,  is  a  narrow  mind. 
If  it  i.t  a  narrow  mind— and,  personally,  I  believe  It  is — it  is  so 
by  re.isnn  of  the  .specialized  Intensive  tralnini^  given  engineers 
In  pnpnratlon  to  pursue  their  profession,  of  all  the  students  in 
any  university,  "engineers"  are  seen  least  on  the  campus,  least 
in  tho  gymnasium,  least  on  the  track  and  Held.  They  haven't 
the  time.  It  would  be  better  for  the  profession  If  this  were 
otherwise.  Campus  and  gymnasium  are  places  where  the  hu- 
man side  is  brought  out,  and  it  is  the  human  side  that  Is  lack- 
ing in  development  In  the  average  engineer.  Anything  that 
would  tend  to  develop  this  In  the  man  would  likewise  tend  to 
develop  It  In  his  profo.Mslon.  Ilecognlllon  and  knowledge  of  the 
foibles  of  humanity  would  broaden  and  soften. 

"The  Canadian  Engineer"  does  not  agree  with  Mr. 
Horton's  premises,  consequently  it  cannot  concur  in 
his  conclusions,  nor  can  we.  Th:it  many  engineers 
are   relatively    "narrow    minded"    is    undeniable,    but 


that,  as  a  class  (engineers  are  not  yet  a  "race,"  Mr. 
Horton),  they  are  more  narrow  minded  than  other 
classes  of  men  we  deny.  Are  engineers  usually  less 
well  versed  in  practical  psychology  than  lawyers? 
Doubtless,  but  consider,  on  the  other  hand,  how  poorly 
versed  in  economics  most  lawyers  are.  Are  engineers 
prone  to  give  less  thought  to  men  than  to  structures 
and  machines?  Doubtless  that  is  true  also,  but  con- 
sider the  opposite  tendency  in  bankers  and  railway 
officials,  if  you  would  realize  how  narrow  minded  they 
can  be. 

An  American  chemist  told  the  writer,  prior  to  the 
war.  that  he  despaired  of  seeing  America  become  as 
great  a  manufacturer  of  chemicals  and  chemical  prod- 
ucts as  Germany.  His  despair  arose  not  because  we 
lacked  well-trained  chemists,  but  because  we  lacked 
financiers  and  business  men  whose  knowledge  of 
chemistry  was  enough  to  enable  them  to  have  the  nec- 
essary- imagination  about  a  chemical  project  to  back 
it  with  their  dollars.  And  that  chemist  was  right..  A 
mechanical  engineer  can  go  to  almost  any  business 
man  with  drawings  of  a  new  machine,  and  he  can 
make  the  business  man  understand  enough  of  it  to 
arouse  his  imagination  both  as  to  its  physical  and 
its  commercial  possibilities.  But  let  a  chemical  engi- 
neer go  to  the  same  business  man  with  his  chemical 
formulas  and  calculations,  and  he  might  as  well  talk 
to  a  Hottentot  about  the  mechanism  of  an  internal 
combustion  engine  or  Kepler's  laws. 

Every  specialist,  if  he  is  highly  successful,  must  be 
"narrow  minded"  to  some  extent.  We  engineers  neces- 
sarily cannot  know  equally  well  all  about  (1)  practical 
psychology,  (2)  financiering,  (.3)  accounting,  (4)  en- 
gineering economics,  i.t)  applied  science  and  (6) 
mathematics.  If  the  business  man  and  the  financier 
know  the  first  three  of  these  subjects  better  than  most 
engineers  know  them,  remember  that  all  engineers 
know  the  last  three  subjects  better  than  any  other 
men  know  them.  Also  remember  that  it  was  not  the 
business  men  who  developed  a  "science  of  manage- 
ment." but  th.it  it  was  a  group  of  engineers,  and  that 
in  doing  so  they  proved  th.Tiw..|vi>^  -^niHriMr  .is  urac- 
tical  r'*y<^hologista. 
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We  do  not  deny,  of  course,  that  engineers  should 
aim  to  broaden  themselves  constantly,  and,  in  fact, 
a  very  large  percentage  of  engineers  have  always 
striven  to  widen  their  range  of  knowledge  and  their 
view  of  human  affairs.  But  such  a  statement  is  a 
long  shout  away  from  Mr.  Horton's  assertion  that 
"Something  is  wrong  with  the  profession,"  and  that 
"the  engineering  mind — taken  collectively — is  a  nar- 
row mind."  Judged  by  what  engineers  are  accom- 
plishing in  numberless  fields  of  human  activity,  they 
are  among  the  "broadest"  of  the  inhabitants  of  this 
"narrow  minded"  world.  What  man  dares  call  him- 
self really  "broad  minded"  in  the  sense  that  he  has 
even  peeped  into  every  compartment  of  human  knowl- 
edge? None  but  a  very  narrow  minded  man  could 
have  ignorance  to  assert  that  any  living  mortal  is 
truly  broad  minded. 


Architects  Must  Realize  That 

Structural  Engineers  Are  Their 

Professional  Equals 

An  editorial  entitled  "Why  Engineers  Rather  Than 
Architects  Are  in  Charge  of  Government  Building 
Work"  appeared  in  our  Building  and  Structural 
Monthly  issue  of  Apr.  24.  The  editorial  has  been 
quoted  by  several  architectural  magazines.  In  no  in- 
stance has  it  been  denied  that  our  statements  were 
correct.  "Architecture  and  Building"  calls  upon 
architects  to  awake  and  adapt  themselves  to  modern 
conditions.    It  says  of  the  architect: 

AYith  lofly  thought.';  ami  stilted  ethics,  he  has  strode  along 
without  an  appreciation  of  the  progress  about  him,  ever  chang- 
ing, searching,  specializing.  Business — life — is  a  continuous 
revolution.  New  precepts  rule  to  be  superseded  by  even  other 
newer  precepts.  The  professional  practice  of  architecture  has 
not  kept  pace  and  is  therefore  doomed.  It  must  be  reborn  from 
the   ashes  of   the   past,   even   as   the   legendary   phoenix. 

Contrasted  with  this  purely  professional  attitude  of 
aloofness  from  business  and  economic  affairs,  "Archi- 
tecture and  Building"  points  to  the  engineer  thus: 

It  was  the  trained  engineers  of  the  country  who  became  the 
technical  advisers  of  the  Government  on  planning,  design,  and 
construction,  utilization  of  existing  facilities  to  the  utmost,  expan- 
sion of  them  and  creation  of  new  utilities.  It  was  our  trained 
engineers  already  w^ell  organized  in  our  great  building  construc- 
tion firms  into  harmonious  working  units,  companies,  even  regi- 
ments, who  were  ready  in  the  hour  of  need  to  do  the  deed. 

Professionally  as  such  our  architects  have  not  been  a  factor 
In  the  greatest  building  emergency  the  countr>"  ever  saw.  Indi- 
vidually, to  many  the  greatest  praise  is  due.  They  have  donned 
the  uniform,  striven  at  home  and  fought  abroad  and  given  of 
their  best  in  ability,  effort  and  resourcefulness.  But  as  a  pro- 
fession in  the  oft  vaunted  position  of  autocrats  of  the  building 
industry  they  have  been  wanting.  And'  the  reason  is  not  be- 
yond discernment;  it  is  an  inheritance  from  the  past;  architec- 
tural   practice   has    not   kept    pace    with    the    times. 

The  need  of  federation  in  the  building  industry  as  a  war 
time  need  has  been  met.  Why  not  face  the  truth  squarely  and 
hold  a  conference  to  reorganize  the  out  worn  system  of  profes- 
sional  practice? 

The  after-war  period  in  the  building  industry  will  be  a  time 
of  great  enterprise  and  expansion.  In  this  the  architect  should 
play  a  prominent  part,  but  his  days  of  autocracy  are  over  and 
his  success  will  depend  on  his  ability  to  co-operate,  not  to  dic- 
tate. Now  when  the  architect  secures  a  job  he  calls  on  the 
foundation  builder  to  figure  his  footings,  he  depends  on  the  steet 
contractor  to  design  the  structural  members,  he  depends  on  the 
plumbing  contractor  to  draw  up  his  plumbing  layout,  he  expects 
the  electrical  contractor — but  why  go  on? — and  when  the  build- 
ing is  finished  he  zealously,  often  belligerently,  demands  exclusive 
credit   for   its   entire   design   and    construction. 

The  day  for  this  is  past — and  why?  The  architect  has  been 
losing  business.  Others  who  build  better,  more  efllciently  and 
more  economically  under  the  name  of  architectural  or  engineer- 
ing contracting  firms  have  taken  the  work  from  him,  and  they 
work    on    the    principle    of   co-operation,    not    autocracy. 

"Architecture     and     Building"     has     courageously 


stated  the  facts.  It  is  indeed  a  bitter  pill  for  the 
architectural  profession  to  swallow,  but  the  profes- 
sion can  be  purged  of  its  autocratic  attitude  in  no 
other  way.  Structural  engineers  have  been  r&garded 
by  most  architects  as  a  necessary  evil,  and  have 
usually  been  denied  the  privilege  of  becoming  mem- 
bers of  architectural  firms.  Indeed,  the  "professional 
ethics"  of  architects  has  been  such  as  to  aim  at  the 
exclusion  of  structural  engineers  from  the  legal  right 
to  design  buildings  at  all,  save  under  the  guidance 
of  architects.  Witness  the  architects'  license  laws  in 
many  states.  The  inevitable  has  now  happened.  Be- 
cause architects  would  not  treat  structural  engineers 
as  equals,  structural  engineers  resolved  to  force  them- 
selves into  a  pre-eminent  position  in  spite  of  archi- 
tects. The  war  gave  structural  engineers  their  great 
chance.  How  well  they  availed  themselves  of  their 
opportunity  all  engineers  know,  and  architects  are 
now  beginning  to  concede. 

There  is,  of  course,  room  for  both  architects  and 
structural  engineers,  and  a  need  for  both.  The  engi- 
neer as  the  economist  and  the  architect  as  the  artist 
should  work  together  in  harmony  and  as  equals,  each 
in  his  realm.  The  day  is  past  when  the  architect  can 
safely  take  all  the  glory  for  a  building  that  was  mainly 
designed  by  structural  engineers.  Let  him  assume 
the  credit  for  the  artistry  shown  in  its  design,  but 
for  the  economics  in  the  design  let  him  give  full  credit 
to  the  engineer.  Those  architects  who  cannot  thus  co- 
operate with  engineers  are  doomed  to  extinction,  for 
in  this  era  of  specialization  no  one  man  can  know  all 
or  even  pose  as  being  all. 


Why  the  Government  Should  In- 
crease   the    Output    of 
Wooden  Ships 

Prior  to  the  war  a  wooden  vessel  of  more  than  3,500 
tens  was  a  rarity.  There  was  launched  in  April  by 
the  Southern  Shipbuilding  Co.,  Orange,  Tex.,  a  4,700- 
ton  wooden  boat  of  the  Daugherty  type.  It  has  been 
recently  announced  that  the  structural  engineers  of 
the  Shipping  Board  have  designed  a  5,000-ton  vessel 
along  the  lines  of  the  Daugherty  model,  and  that  these 
5,000-ton  ships  will  soon  be  turned  out  in  quantities. 

In  commenting  upon  this  4,700-ton  boat  in  our  issue 
of  Apr.  24  we  said: 

It  will  be  remembered  that  Gen.  Goethals  opposed  the  building 
of  many  wooden  ships,  but  his  adverse  decision  has  been  ques- 
tioned by  many  men.  *  ••  *  It  is  our  belief  that  Government 
officials  on  the  Shipbuilding  Board  will  do  well  to  review  the 
entire  question  of  building  wooden  ships.  Let  the  structural 
engineers  who  have  designed  wooden  ships  he  given  a  careful 
hearing.  *  •  •  Like  any  other  economic  problem,  this  is  one  not 
to   be  solved  by   opinions   unsupported    by    reliable    data. 

It  is  evident  that  the  Shipping  Board  has  reviewed 
the  question  of  building  wooden  ships  and  has  decided 
not  only  to  build  them  in  large  numbers  but  in  larger 
sizes  than  have  hitherto  been  considered  practicable. 

In  our  issue  of  Apr.  24  we  gave  a  list  of  63  com- 
panies that  had  government  contracts  for  490  wooden 
ships,  and  the  prices  therefor.  With  few  exceptions 
they  were  all  3,500-ton  vessels,  and  the  price  averaged 
about  $80  a  ton,  exclusive  of  machinery.  The  ma- 
chinery costs  about  $70  more  per  ton  of  vessel  of  this 
type.  In  the  same  issue  the  names  were  given  of  30 
companies  having  contracts  for  720  steel  vessel.*,  the 
average  price  of  which  was  about  $160  per  ton,  ex- 
clusive of  machinery.  The  Shipping  Board  has  been 
reported  as  stating  that  the  cost  of  hulls  of  steel  ships 
is  about  $175,  and  of  concrete  ships  $125    per    ton. 


(2) 


Julv  24,  I'MS. 


HX(;i\KKRI\C,     AND     CoXTRACTIM. 


Since  wooden  hulls  are  being  built  by  contract  for  as 
low  as  $70  a  ton,  and  at  an  averajje  of  about  $80  a 
ton.  and  in  view  of  the  scarcity  of  steel,  it  would  seem 
the  part  of  wisdom  greatly  to  increase  the  production 
of  Wooden  ships. 

The  old  arjrument  against  wooden  ships  on  the  score 
of  limited  size  is  gone.  The  argument  that  their  life 
is  very  short  is  not  borne  out  by  data.  The  claim 
that  them  are  not  enough  ship  carpenters  and  calkers 
*<  negatived  by  the  fact  that  men  for  wooden  ship 
construction  can  be  trained  very  rapidly,  even  more 
rapidly  than  steel  workmen  are  trained.  And,  finally, 
the  arguments  that  timber  cannot  be  secured  in  suffi- 
I  lent  nuantity  and  of  adequate  sizes,  have  already 
beei  shown  to  be  false.  Structural  engineers,  by  de- 
signing a  new  type  of  wooden  ship  (the  Uaugherty 
type,  described  in  our  issue  of  Mar.  27),  have  proved 
at  one  stroke  both  that  small-sized  timbers  can  be 
used  and  that  wooden  vessels  of  5,000  tons  or  more  in 
size  can  be  built. 

Schwab  is  too  broad  a  man  to  be  influenced  against 
the  building  of  wooden  vessels  because  his  own  spe- 
cialty is  steel  and  steel  work.  Therefore  if  the  .struc- 
tural engineers  who  have  already  solved  the  problem 
of  designing  large  wooden  ships  are  backed  by  evi- 
dence that  the  lumber  producers  can  deliver  the  tim- 
ber rapidly  enough,  there  is  little  doubt  that  we  shall 
witness  an  enormous  output  of  wooden  ships  during 
the  coming  year. 


How    Certain  Subscribers  Deter- 
mine Relative  Worth  of  Differ- 
ent Engineering  Periodicals 

Perhaps  the  bost  single  test  nf  the  worth  of  the 
articles  published  by  an  engineering  periodical  would 
be  the  number  of  them  that  you  would  clip  out  for 
your  files  were  it  your  practice  to  clip  all  worth-while 
articles.  A  good  many  engineers  do  this  very  thing, 
and  they  are  usually  the  best  judges  of  the  relative 
value  of  different  periodicals.  One  of  our  readers  re- 
cently wrote  us  as  follows: 

I  I'avc  been  a  "sub"  lo  ninginet-ring  and  rontracliriK  for  avv- 
■eral  years  now  and  I  want  to  say  that  the  cIlpplnRs  that  I 
have  saved  from  about  five  different  Journals  carry  about  40  per 
rent  from  your  valuable  weeklies.  I  get  mere  real  good  out  of 
them  than  I  rem  any  other  periodicals  that  I  take  and  am  always 
Klad  lu  hee  thrm  c^ime. 

That  nearly  half  of  all  articles  clipped  from  five  en- 
gineering journals  by  this  reader  were  taken  from 
Engineering  and  Contracting  during  the  last  few 
years  is  evidence  to  that  reader  of  the  real  merit  of 
"E.  and  C."  It  is,  moreover,  real  evidence  and  is  not 
his  "impression."  It  is  a  scientific  method  of  arriv- 
ing at  a  conclusion — an  engineering  method  of  judg- 
ing. 

The  tendency  of  many  engineering  readers  is  to  be 
unduly  impressed  by  mere  bulk  of  reading  matter  and 
by  pictures.  The  bulk  may  be  mostly  unusable,  like 
the  bloated  pages  of  a  Sunday  newspaper,  and  the  pic- 
tures may  seldom  tell  more  than  the  text  itself  tells, 
but  the  unanalytical  reader  is  impressed  by  the  ap- 
pearance of  worth  and  does  not  put  the  appearance  to 
a  real  test. 

Fortunately  a  very  large  number  of  engineers  and 
lontractors  are  discriminating,  and  they  are  so  be- 
cause they  are  students  of  their  professional  and  busi- 
ness problems.  To  such  and  only  to  such  men  has 
Engineering  and  Contracting  been  addressing  itself 
for  exactly  12'. •  years.  The  result  is  that,  while  our 
"family   of   readers"   is   not  yet  the   largest,   it  com- 


prises the  most  di.scriminating  and  therefore  the  most 
progressive  men  in  the  civil  engineering  field.  • 


Engineering  Students  Should   Be 
Exempted  From  Draft 

In  this  issue  wi-  publish  two  noti-wornhy  appeals  to 
the  Government  to  take  action  that  will  increase  the 
number  of  engineering  students.  Prof.  C.  R.  Richards 
and  Prof.  M.  E.  Cooley  thus  act  as  spokesmen  for 
us  all. 

Prof.  Richards  goes  so  far  as  to  advise  the  drafting 
of  enough  high  school  graduates  to  fill  the  engineer- 
ing colleges.  Why  not?  Since  the  Government  has 
been  so  short-sighted  as  to  permit  engineering  .stu- 
dents to  enlist,  some  radical  .steps  must  now  be  taken 
to  fill  the  depleted  classes  in  technical  schools.  If  the 
Government  does  not  care  to  take  the  radical  step 
proposed  by  Prof.  Richards,  the  lea.st  it  can  do  is  to 
give  wide  and  persisting  publicity  to  the  fact  that 
young  men  should  enter  our  engineering  colleges  this 
fall  in  greater  numbers  than  ever  before.  Moreover, 
the  Government  should  exempt  from  draft  even,-  engi- 
neering student  who  is  able  to  pass  the  college  exami- 
nations. The  present  rule  that  only  those  standing  in 
the  "upper  third  of  the  class"  are  to  be  exempted  is 
inadequate  and  should  be  revised  as  soon  as  possible. 


Concrete  Delivered  by  Compress- 
ed Air  Into  A  Retaining  Wall. 

The  use  of  compressed  air  fur  transporting  con- 
crete for  tunnel  lining  has  ceased  to  attract  atten- 
tion because  of  its  novelty.  Xow  the  air  conveying 
process  is  being  applied  to  other  classes  of  concrete 
work.  For  example,  P.  .1.  Joyce  &  Co.,  of  New  York, 
contractors  for  the  masonry  work  involved  in  the  B. 
&  O.  grade  separation  project  at  Pittsburgh,  have 
used  the  air  method  in  building  concrete  retaining 
walls.  A  central  plant  was  used  to  mix  and  force 
the  concrete  a  maximum  distance  of  1,500  ft.  through 
and  8-in.  pipe,  using  air  at  80  to  100  lb.  pressure.  The 
concrete  was  first  shot  into  a  receiving  hopper,  car- 
ried on  a  traveler  that  straddled  the  wall,  and  thence 
was  delivered  by  gravity  through  a  flexible  pipe  into 
the  Blaw  steel  forms  which  were  also  carried  by  the 
traveler.  A  locomotive  crane  was  used  to  roll  the 
traveler  along  a  track. 


hidustrial  I'ses  of  Paving  Brick. — Vitrified  paving 
brick,  although  made  primarily  for  street  and  road 
work,  are  used  to  a  considerable  extent  about  indus- 
trial plants,  where  floors  and  drives  capable  of  with- 
standing hard  senice  are  required.  At  the  plant  of 
the  Willard  Storage  Battery  Co.  of  Cleveland  the 
floors  are  paved  with  vitrified  paving  brick.  Four-ton 
loads  are  frequently  carried  over  these  floors  on  small 
electric  trucks.  This  company  also  has  used  paving 
brick  in  building  tanks  for  acid  baths.  The  entire 
plant  of  the  Artificial  Silk  Co.  was  built  of  paving 
brick. 


Floor  Forms  Supported  on  Trench  Jacks. — Trench 
jacks  were  used  ti>  carry  the  supports  for  the  floor 
forms  for  a  concrete  shop  building  erected  recently 
at  Chicago.  It  was  possible  with  the.se  jacks  to  make 
easily  the  necessar>"  adjustment  of  level.  This  pre- 
caution was  taken  because  of  uncertain  ground  con- 
ditions. 
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Design  and  Construction  Features 

of  Concrete  Viaduct  Approach 

to  Central  Ave.  Bridge, 

Kansas  City,  Kan. 

An  excellent  example  of  simple  artistic  concrete  de- 
sign is  afforded  by  the  east  viaduct  approach  to  the 
new  Central  Ave.  bridge  at  Kansas  City,  Kan.  In 
this  design  the  engineers,  Harrington,  Howard  &  Ash 
of  Kansas  City,  Mo.,  have  tried  to  work  out  a  viaduct 
which  would  be  essentially  a  concrete  structure, 
simple  of  design,  and  not  a  structure  built  of  concrete 
in  imitation  of  well-established  details  for  forms  of 
structures  built  of  stone  or  of  other  materials.  There 
were  no  funds  for  adornment,  and  the  section  of  the 
city  in  which  the  viaduct  is  located,  in  its  present  and 
probable  future  condition,  would  not  warrant  such 
adornment.  The  structure  is  in  the  vicinity  of  the 
stock  yards  serum  plants  and  packing  plants  and  rail- 
road yards,  industries  which  are  likely  to  be  enlarged 


The  columns  are  30x36  in.  to  36x36  in.;  main  girder, 
24  in.  X  5^2  ft.;  panel  length,  10  ft.;  floor  slab,  9  in. 

The  pedestals  are  supported  on  Raymond  concrete 
piles  having  a  penetration  generally  of  about  20  ft. 
below  bottom  of  pedestal.  The  piles  were  driven  by 
the  Raymond  Concrete  Pile  Co.  with  one  of  its  stand- 
ard rigs.  Except  near  the  river,  the  material  through 
which  the  piles  were  driven  was  a  rather  fine  sand. 
It  was  provided  in  the  specifications  that  piles  should 
be  of  lengths  sufficient  to  carry  the  imposed  loads,  but 
in  no  case  less  than  16  ft.  long.  The  Engineering 
News  formula  was  considered  to  indicate  the  safe 
load  which  could  be  supported  by  a  pile,  and  with  the 
weight  of  hammer  and  height  of  drop  used  a  final 
penetration  of  1  in.  for  four  blows  was  required  to 
give  the  safe  imposed  load  of  30  tons.  In  general, 
however,  the  final  penetration  was  six  blows  per  inch, 
and  in  a  good  many  cases  as  high  as  ten  or  twelve  was 
required  to  get  the  required  total  penetration. 

After  the  pedestals  were  concreted  the  column  re- 
inforcement was  put  in  place  and  wired  securely  to 


and  take  in  adjacent  property  now  devoted  to  the 
homes  of  the  workmen. 

The  structure  is  intended  to  look  as  if  it  was  built 
of  a  once  plastic  material,  monolithic  and  continuous, 
and  nct'made  up  of  separate  units  or  blocks  or  stones. 
The  lines  of  the  longitudinal  girders  and  of  cross 
girders  are  carried  down  the  columns  so  that  the  col- 
umns might  appear,  as  they  are,  actual  parts  of,  or 
continuations  of,  the  girders  and  beams.  There  is 
no  horizontal  line  breaking  the  column  from  its  base 
at  the  ground  surface  clear  up  to  the  top.  All  of  the 
extruding  corners  are  rounded,  following  the  filleting 
usual  in  the  molds  for  any  poured  material.  The  con- 
crete is  without  any  special  surface  finish,  but  was 
left  in  its  condition  when  the  forms  were  taken  dowm. 

The  design  is  an  attempt,  therefore,  to  produce  in 
a  modest  way  a  structure  pleasing  in  appearance,  ob- 
viously suited  in  design  for  the  material  of  which  it 
is  constructed,  without  slavish  imitation  of  architec- 
tural forms  primarily  designed  for  other  materials. 

The  east  approach  viaduct  has  a  total  length  of 
1,680  ft.,  made  up  of  spans  of  a  normal  length  of  40  ft. 


the  dowels  projecting  from  the  pedestal.  This  re- 
inforcement consists  of  12  vertical  bars  and  two  sets 
of  tie  bars  each  spaced  15  diameters  of  the  bar.  A 
light  movable  scaffold  was  used  for  erection  of  column 
steel.  In  order  to  allow  adjustment  of  the  reinforce- 
ment to  fit  accurately  within  the  forms  the  two  sets 
of  tie  bars  were  wired  to  each  other  only  at  the  top, 
which  could  readily  be  reached  after  forms  were  in 
place.  After  the  column  steel  was  in  place  the  column 
forms  were  erected.  They  were  of  2-in.  tongue  and 
groove  timber  and  were  same  as  would  be  used  for  a 
square  column  with  the  addition  of  a  beveled  box  in 
each  corner  to  give  the  cross  shape  of  a  column. 

Forms  were  fabricated  in  two  halves  so  that  they 
could  readily  be  placed  around  column  steel.  The 
column  forms  extended  up  to  the  beginning  of  curve, 
the  curved  portion  of  form  being  a  part  of  beam 
forms.  As  the  construction  of  the  viaduct  was  begun 
at  the  lower  end,  it  was  necessary  to  provide  new 
forms  for  each  column,  which  made  the  form  cost 
rather  expensive. 

The  cantilever  beam   bottom  and   curved  end  por- 
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tions  of  girders  were  carefully  cut  out  and  put  to- 
gether in  the  form  shop,  which  was  located  near  the 
end  of  the  viaduct,  and  were  then  set  in  place  on  top 
of  the  column  forms,  which  had  been  cut  off  the  exact 
length  before  being  erected.  The  balance  of  the  forms 
were  constructed  in  the  field  and  were  of  ordinary 
construction.  The  forms  were  supported  on  posts 
resting  on  mudsills,  a  post  being  used  at  the  end  of 
each  cantilever  beam  and  others  as  required  along  the 
cross  girders  and  longitudinal  girders.  The  plank  for 
floor  slabs  was  supported  on  longitudinal  joints  which 
rested  on  vertical  studs  on  the  sides  of  the  beams. 
These  studs  were  independent  of  the  verticals  on  beam 
forms  so  that  slab  forms  could  be  removed  without 
disturbing  the  beam  forms.  To  prevent  a  sag  due  to 
settlement,  with  consequent  bad  appearance  in  girders 
and  cross  girders,  the  centers  of  these  forms  were 
raised  '  _■  in.  above  the  required  elevations;  the  results 
were  very  satisfactory. 

To  give  the  rounded  corners  on  columns,  girders 
and  beams,  a  cove  molding  was  placed  in  the  forms. 
This  had  a  radius  of  2  in.  and  was  cut  out  of  1-in. 
stuff,  being  therefore  rather  thin  and  difficult  to  han- 
dle. To  prevent  had  warping  it  was  necessary  to  u.se 
an  unusual  number  of  nails  to  hold  it  in  place.  It 
was  difficult  to  place  this  molding  properly  around  the 
short  cur\'es  at  ends  of  cantilever  beams  and  around 
the  curves  at  ends  of  girders  and  cross  girders.  By 
cutting  the  back  and  side  of  the  molding  every  few 
inches  the  carpenters  soon  became  very  expert  and 
produced  a  very  satisfactory  job. 

\\'ith  the  exception  of  the  girder  reinforcement,  all 
reinforcement  was  assembled  in  place.  The  steel  for 
first  few  girders  was  also  assembled  in  place,  but  as 
the  girders  were  long  and  narrow  this  was  slow  and 
difficult.  The  e.xpedient  was  then  tried  of  assembling 
girder  reinforcement  complete  immediately  above  the 
girder  forms  and  then  lowering  it  into  place,  and  this 
proved  very  satisfactory.  The  reinforcement  was  thus 
assembled  complete  for  three  or  four  spans  for  the 
total  distance  between  expansion  joints,  being  sup- 
ported as  joists  spanning  the  girder  form. 

Usually  the  entire  structure  betw-een  successive  ex- 
pansion joints  (three  or  four  spans)  was  concreted 
continuously.  This  does  not  include  the  columns 
which  were  filled  up  to  the  beginning  of  curve  at  top 
of  column  on  the  day  preceding  the  general  concret- 
ing.   A  tower  was  used  for  pouring  all  concrete. 

The  average  (luantities  and  cost  per  linear  foot  of 
the  concrete  viaduct  of  the  east  approach,  which  has 
a  30-ft.  roadway  and  6-ft.  sidewalk,  were  as  follows: 

I>er  lln.  ft. 

fomretc.    0.5  cu.    vd.   at   $8.75 $  4.38 

Con<rcl»-.   2.ii   cu.    yd.    at    J10.80 28.08 

rSeinforcins    metal.    470    lb.    at    4    ct 18.80 

HaymonU  concrete  piles,  8.75  lln.   ft.  at  $1.35 11.81 

Handrall.s,    2    lln.    ft.    at    $2.25 '. 4. BO 

LiKhtinK  system,   1   lln.   ft.  at   $1.22.. 1.22 

Pavement,   3.33   sq.   yd.   at  $2.95 9.82 

$78.G1 
T'nclas.slfled   Incidentals.    1.2   per  cent....  .94 

Eniilnterlns,  5  per  cent •         3.9". 

Total  cost  per  linear  foot $83.53 


25  Per  Cent  SavinR  of  Steel  in  Concrete  Piles  by 
Change  in  Design. — By  changes  in  the  design  of  their 
concrete  piles  the  California  State  Board  of  Harbor 
Conmiissioners  has  reduced  the  steel  retiuirements 
80  that  the  amount  now  used  in  95-ft.  piles  is  the  same 
as  that  used  6  years  ago  in  66-ft.  piles.  In  their  latest 
design  of  100-ft.  pile,  by  changing  from  a  4-point  to 
a  5-point  pickup,  leaving  out  reinforcement  where  it 
would  not  carry  stress,  they  have  eflfected  a  25  per 
cent  saving  of  steel. 


The  Basic  Principle  of  Concrete 
Mixes    and    the    Truly    Funda- 
mental Role  Played  by  W  ater* 

By  DUFF  A.  ABRAMS. 

l-i.ii.--..r  111  riLifBn  of  Struoturitl   M:il«rl3l   K.1....1.I1    i.ui-^raf.r:. . 
I.«K'la    Inxtlluti-,    CliU'atfu. 

It  is  commonly  stated  that  concrete  is  composed  of 
a  mixture  of  cement,  sand  and  pebbles  or  crushed 
stones.  This  conception  of  concrete  overlooks  one  es- 
sential element  of  the  mixture,  namely  water.  An 
exact  statement  of  the  ingredients  of  concrete  would 
be:  Cement,  aggregate,  and  water.  The  last-named 
material  has  not  yet  received  proper  consideration  in 
tests  of  concrete  or  in  specifications  for  concrete 
work. 

Karly  users  of  concrete  centered  their  entire  atten- 
tion on  the  quality  of  the  cement  and  practically  dis- 
regarded the  characteristics  of  the  other  ingredients. 
During  the  past  dozen  years  some  attention  has  been 
given  to  the  importance  of  the  aggregate,  but  it  is 
only  recently  that  we  have  learned  that  the  water  also 
requires  consideration. 

A  great  deal  has  been  said  and  written  recently  con- 
cerning the  effect  of  water  on  the  strength  and  other 
properties  of  concrete,  but  the  full  significance  of  this 
ingredient  of  concrete  has  not  heretofore  been  pointed 
out.  A  discussion  which  appeared  in  the  April,  1917, 
issue  of  the  Concrete  Highway  Magazine  gave  a  brief 
review  of  results  of  some  of  the  experimental  work 
carried  out  along  this  line  at  the  Structural  Materials 
Research  Laboratory,  Lewis  Institute,  Chicago.  The 
relation  between  the  water  content  and  the  compres- 
sive strength  of  the  concrete  for  a  wide  range  of  con- 
sistencies was  there  pointed  out  and  emphasis  was 
placed  on  the  injurious  effect  of  too  much  water. 

Tests  made  in  studies  of  the  effect  of  size  and  grad- 
ing of  aggregates  have  shown  that  the  only  reason 
that  concrete  of  higher  strength  and  durability  can 
be  produced  from  well-graded  aggregate  as  compared 
with  a  poorly-graded  aggregate  is  that  the  former  can 
be  mixed  with  less  water.  If  this  is  not  done  no  ad- 
vantage is  gained  from  using  a  coarse,  well  graded 
aggregate.  The  following  discussion  shows  that  a 
similar  conclusion  can  now  be  stated  with  reference 
to  a  rich  concrete  mix  as  compared  with  a  lean  one: 

While  the  injurious  effects  of  too  much  water  in 
concrete  are  apparent,  tests  made  in  this  laboratorj- 
show  that  the  truly  fundamental  role  played  by  water 
in  concrete  mixtures  has  been  entirely  overlooked 
in  previous  discussions  of  this  subject.  The  relation 
referred  to  above  is  brought  out  by  a  series  of  com- 
pressive tests  of  about  1,600  6  by  12-in.  concrete 
cylinders  made  up  as  follows: 


, MIX     > 

Cement    —    AKKreKata.  , 

Unnirv    o'    8ixe« 
of  attk'rfRnles. 

1  —  15 

0  —  14    mesh 

1  —    9 

Sieve 

1  —    5 

0  —  4  meah 

1-    S 

Sieve 

0  —  1%  In 
0  — IH  In. 

1     -    1 

1  -  li. 

0  —  !      In. 

r 


Conalstencjr. 


The  mixes  used  covered  a  wide  range,  as  did  also 
the  grading  of  aggregate  and  consistency.  The  ag- 
gregates consisted  of  two  sizes  of  sand  and  mixtures 
of  sand  and  pebbles  graded  to  the  sizes  shown.  The 
mix  is  expressed  in  terms  of  volumes  of  dry  cement 
and  aggregate,  regardless  of  grading;  i.  o.,  a  1:5  mix 
is  mntle  up  of  1  cu.  ft.  cement  (1  sack)  and  5  cu.  ft. 

•Kri.iw  the  ConrretP   Hlithway  MuKaxIne. 
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of  aggregate  as  used,  whether  a  sand  or  a  coarse  con- 
crete mixture. 

This  series  gives  valuable  information  on  the  effect 
of  changing  the  quantity  of  cement,  the  size  of  the 
aggregate  and  the  quantity  of  water.  The  effect  of 
many  different  combinations  of  these  variables  can 
be  studied.  One  set  of  relations  gives  the  effect  of 
amount  of  cement  using  aggregates  of  different  size 
and  grading;  another  set  of  relations  gives  the  effect 
of  different  quantities  of  water,  varying  both  mix  and 
size  of  aggregate,  etc.  In  all  respects  these  tests  bear 
out  the  indications  of  both  earlier  and  later  series. 
These  tests  are  of  interest  in  that  they  reveal  for  the 
first  time  the  true  relation  between  the  strength  and 
the  proportions  of  the  constituent  materials  in  con- 
crete. 

The  figure  shows  the  relation  between  the  compres- 
sive strength  and  the  water  content  for  the  28day 
tests.  The  water  content  of  the  concrete  has  been  ex- 
pressed as  a  ratio  of  the  volume  of  cement,  consider- 
ing that  the  cement  weighs  94  lb.  per  cubic  foot.  Dis- 
tinguishing marks  are  used  for  each  mix,  but  no  dis- 
tinction is  made  between  aggregates  of  different  size 
or  different  consistencies. 

When  the  compressive  strength  is  platted  against 
the  water  in  this  way,  a  smooth  curve  is  obtained,  due 


.so  /.oo        /.so        aoo       2.SC        J.oo        j.so       ^.oo 

Wafer-  Rafio  To  Vo/ume  of  Cement  ^-  Z 
Relaticn    Between    Compressive    Strength   and    Water   Content. 

to  the  overlapping  of  the  points  for  different  mixes. 
Values  from  dry  concretes  have  been  omitted.  If  these 
were  used  we  should  obtain  a  series  of  curves  drop- 
ping downward  and  to  the  left  from  the  curve  shown. 
It  is  seen  at  once  that  the  size  and  grading  of  the  ag- 
gregate and  the  quantity  of  cement  are  no  longer  of 
any  importance  except  in  so  far  as  these  factors  in- 
fluence the  quantity  of  water  required  to  produce  a 
workable  mix.  This  gives  us  an  entirely  new  con- 
ception of  the  function  of  the  constituent  materials 
entering  into  a  concrete  mix  and  is  the  most  basic 
principle  which  has  been  discovered  in  our  studies  of 
concrete. 

The  equation  of  the  curve  is  of  the  form, 
A 
S  =  — (1) 

where  S  is  the  compressive  strength  of  concrete  and 
X  is  the  ratio  of  the  volume  of  water  to  the  volume  of 
cement  in  the  batch.  A  and  B  are  constants  whose 
values  depend  on  the  quality  of  the  cement  used,  the 
age  of  the  concrete,  curing  conditions,  etc. 

This  equation  expresses  the  law  of  strength  of  con- 
crete so  far  as  the  proportions  of  materials  are  con- 
cerned. It  is  seen  that  for  given  concrete  materials 
the  strength  depends  on  only  one  factor — the  ratio  of 


water  to  cement.  Equations  which  have  been  proposed 
for  this  purpose  contain  terms  which  take  into  account 
such  factors  as  quantity  of  cement,  proportions  of 
fine  and  coarse  aggregate,  voids  in  aggregate,  etc..  but 
they  have  uniformly  omitted  the  only  item  which  is 
of  any  importance;  that  is,  the  water. 

For  the  conditions  of  these  tests,  equation  (1)  be- 
comes, 

14000 

S  = (2) 

7x 

The  relation  given  above  holds  so  long  as  the  con- 
crete is  not  too  dry  for  maximum  strength  and  the 
aggregate  not  too  coarse  for  a  given  quantity  of  ce- 
ment ;  in  other  words,  so  long  as  we  have  a  workable 
mix. 

Other  tests  made  in  this  laboratory  have  shown  that 
the  character  of  the  aggregate  makes  little  difference 
so  long  as  it  is  clean  and  not  structurally  deficient. 
The  absorption  of  the  aggregate  must  be  taken  into 
account  if  comparison  is  being  made  of  different  ag- 
gregates. 

In  certain  instances  a  1-9  mix  is  as  strong  as  a  1-2 
mix,  depending  only  on  the  water  content.  The 
strength  of  the  concrete  responds  to  changes  in 
v\-ater,  regardless  of  the  reason  for  these  changes. 

It  should  not  be  concluded  that  these  tests  indicate 
that  lean  mixes  can  be  substituted  for  richer  ones 
without  limit.  We  are  always  limited  by  the  neces- 
sity of  using  sufficient  water  to  secure  a  workable 
mix.  So  in  the  case  of  the  grading  of  aggregates.  The 
workability  of  the  mix  will  in  all  cases  dictate  the 
minimum  quantity  of  water  that  can  be  used.  The 
importance  of  the  workability  factor  in  concrete  is 
therefore  brought  out  in  its  true  relation. 

The  reason  a  rich  mix  gives  higher  strength  than  a 
lean  one  is  that  a  workable  concrete  can  be  produced 
by  a  quantity  of  water  which  gives  a  lower  ratio  of 
water  to  cement.  If  an  excess  of  water  is  used  we 
are  simply  wasting  cement.  Rich  mixes  and  coarse, 
well-graded  aggregates,  are  as  necessary  as  ever,  but 
we  now  know  just  how  these  factors  affect  the 
strength  of  the  concrete. 

Practical  use  may  be  made  of  the  curve  in  estimat- 
ing the  relative  strength  of  concrete  in  which  the 
water  content  is  different  for  any  reason.  For  ex- 
ample, a  concrete  mixed  with  7.5  gal.  of  water  (1  cu. 
ft.)  to  one  sack  of  cement  (allowance  being  made  for 
absorption  of  aggregate)  gave  a  strength  in  this  series 
of  2,000  lb.  per  square  inch  (x  =  1.00).  For  x  =  0.80 
(6  gal.  of  water  per  sack  of  cement)  we  have  3,000  lb. 
per  square  inch;  for  x  =  0.75  (5.6  gal.),  3,300  lb.  per 
square  inch.  Concrete  in  a  1-4  mix  (same  as  the  usual 
1-2-3  mix  with  a  coarse  sand)  should  be  mixed  with 
51  2  to  6  gal.  of  water  per  sack  of  cement. 

The  importance  of  any  method  of  mixing,  handling, 
placing  and  finishing  concrete  which  will  enable  the 
work  to  be  done  with  a  minimum  of  water  is  at  once 
apparent.  It  now  seems  that  practically  all  faulty 
concrete  work  can  be  traced  to  the  use  of  too  much 
water. 

These  studies  lead  to  many  important  conclusions 
with  reference  to  such  topics  as  tests  of  cement,  tests 
of  concrete,  containing  admixtures,  etc.  Tests  of  ce- 
ment from  this  viewpoint  have  been  under  way  for 
several  weeks. 

Laboratory  research  performs  its  true  function 
when  it  uncovers  basic  principles  which  have  not  been 
revealed  by  experience  in  construction,  or  observation 
of  completed  work. 
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Heat  and  Heat  Transmission* 

By   I'KOI'.  JOHN   K.  ALLEN. 

Constants  for  Hoat  TransmiH.siun. —  For  years  we 
jjiiessed  at  heat  losses  from  buildinK!)  l)y  some  rule- 
<.f-thiimb.  These  rules  were  usually  proposed  by 
someone  supposed  to  know  more  about  heat  than  any- 
one else  and  were  usually  very  dant;erous  to  apply 
throuKhout  a  wide  ran^je  of  conditions. 

We  have  followed  the  German,  the  theory  of  which 
is  generally  considered  to  be  at  least  approximately 
correct,  but  these  formulas  require  certain  practical 
constants  for  heat  transmission.  The  heat  laboratory 
at  ("harlottenburir  has  determined  many  of  these  con- 
ftants  for  German  forms  of  building  construction,  but 
very  little  work  has  been  done  in  this  country.  Some 
years  ago  I  started  to  check  up  the  German  constant 
for  glass,  which  of  course  is  the  most  fundamental 
constant  that  we  have.  I  found  that  for  dry  glass 
with  no  rain  or  wind  the  constant  K  =  0.G4 ;  for  rain 
and  no  wind,  K=L248;  for  wind  and  no  rain,  K  = 
L05;  for  rain  and  wind,  K=  1.485.  The  generally  ac- 
cepted constant  by  authors  as  determined  by  the  Ger- 
man government  is  L3  and  for  15  years  we  have  ac- 
cepted this  constant.  It  is  entirely  possible  to  have 
the  glass  surface  wet  even  in  zero  weather  and  the 
constant  is  manifestly  too  small.  Personally  I  am 
now  using  K  =  L25  as  the  glass  constant.  This  only 
goes  to  show  that  some  of  our  fundamental  facts  are 
wrong  and  need  a  careful  checking  up. 

When  it  comes  to  the  constant  K  for  cement,  hollow 
tile,  metal  lath  and  similar  construction,  practically 
all  the  constants  we  have  are  based  upon  computation 
— they  are  only  approximate.  They  may  be  right;  they 
are  probably  wrong  or  largely  in  error,  and  we  have 
no  experimental  work  to  guide  us.  We  need  in  this 
country  a  vast  amount  of  experimental  research  so  as 
place  these  fundamental  constants  of  the  heating  busi- 
ness on  a  well-established  foundation. 

Heat  Losses  from  Infiltration. — One  of  the  impor- 
tant factors  in  determining  the  heat  loss  from  a  build- 
ing is  the  amount  of  air  that  leaks  in  around  the 
cracks  and  crevices.  One  of  the  first  assumptions 
with  respect  to  infiltration  was  made  by  Carpenter, 
in  which  he  assumed  that  the  air  in  a  room  was 
changed  once  per  hour  due  to  infusion  of  air  from 
outside  or  infiltration.  In  the  average  room  this  is 
approximately  true.  On  the  other  hand,  there  is  ab- 
solutely no  reason  why  the  cubic  contents  should  have 
anything  to  do  with  infiltration,  as  infiltration  occurs 
largely  around  the  windows  and  window  frames,  and 
it  should  be  based  on  wall  and  window  conditions  and 
not  upon  cubic  contents.  Recent  experiments  in  New 
York  show  that,  particularly  in  metal  sash,  infiltration 
should  be  based  upon  the  perimeter  of  the  sash. 

Of  course,  there  is  no  one  factor  in  this  that  we  will 
never  know,  as  no  one  can  foresee  how  tight  or  how 
loose  the  contractor  is  going  to  construct  the  build- 
ing. Such  phases  of  our  computations  will  always 
have  to  be  covered  by  adding  a  certain  percentage 
which  might  well  be  called  the  "factor  of  ignorance." 

Radiation  and  Radiators. — We  have  much  more  ex- 
plicit information  in  regard  to  radiation  than  in  re- 
gard tf)  heat  loss  from  buildings.  We  know  that  a  two- 
column  38-in.  radiator  will  give  a  value  of  K  of  about 
1.65  B.  T.  U.  with  1  lb.  steam  pressure  and  a  room  tem- 
perature of  70  .  We  know  that  this  constant  K  in- 
creases as  the  difference  between  the  temperature  out- 
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side  the  radiator  and  the  temperature  inside  the  radi- 
ator increases.    The  approximate  formula  is: 

K  =  1 .445  -*  0.001437  ( T,  —  T  » 
where  Ti  =  the  temperature  of  the  steam  and  T  =the 
temperature  of  the  room. 

We  know  something  about  the  painting  of  radiators. 
If  a  radiator  in  painted  with  any  kind  of  flake  metal 
pigment,  such  as  aluminum,  gold  or  bronze,  its  effi- 
ciency is  reduced  approximately  Z't  per  cent.  If  it  is 
painted  right  over  the  aluminum  with  an  enamel,  the 
heat  transmission  is  the  same  as  the  bare  iron.  I  have 
made  these  experiments  with  14  coats  of  paint  on  the 
radiator  and  the  etfect  of  the  last  coat  was  practically 
the  same  as  that  of  the  first  coat. 

This  shows  that  the  heat  transmission  of  the  radi- 
ator depends  upon  the  ability  of  the  surface  to  dispose 
of  the  heat  and  not  upon  the  conductivity  of  the  ma- 
terial of  which  the  radiator  is  composed.  That  is, 
under  the  conditions  existing  in  a  radiator,  the  heat  is 
transmitted  much  more  rapidly  through  the  metal  of 
the  radiator  than  the  surface  of  the  radiator  can  dis- 
sipate the  heat.  It  is  possible  that  we  may  find  some 
coating  which  can  be  placed  upon  a  radiator  that  will 
increase  its  conductivity  beyond  that  of  the  bare  iron. 
I  do  not  know  that  any  attempts  have  ever  been  made 
to  do  this,  but  it  is  one  possible  means  of  increasing 
radiator  efficiency. 

A  radiator  gives  ofT  heat  in  two  ways — by  radiation 
and  by  convection.  For  many  years  I  have  tried  to 
find  out  what  proportion  of  the  heat  is  given  off  by 
radiation  and  what  proportion  by  convection.  Approx- 
imately it  is  "50-50."  but  I  have  never  been  able  to 
make  a  satisfactory  determination.  This  is  impossible, 
as  undoubtedly  some  of  the  radiant  heat  from  the  radi- 
ator passes  directly  out  through  the  wall  and  window- 
surface  without  having  any  effect,  and  we  may  find  it 
desirable  to  so  arrange  our  radiators  that  all  heat 
given  off  by  them  is  given  off  by  convection.  We 
should  have  more  fundamental  knowledge  on  this  sub- 
ject. 

Take  the  indirect  radiation,  and  by  indirect  radia- 
tion I  mean  that  not  only  through  which  air  circulates 
by  natural  circulation,  but  through  which  air  circu- 
lates by  means  of  a  fan  or  of  fan  coils.  We  know  that 
in  this  type  of  radiator  all  the  heat  from  the  radiator 
is  given  off  by  convection,  and  in  convection  the  form 
of  the  surface  plays  a  ver\-  important  part  in  its  ef- 
fectiveness. We  also  know,  and  recent  experiments 
prove,  that  effectiveness  of  its  surface  is  practically 
independent  of  the  material  of  which  the  surface  is 
composed.  Copper,  cast  iron  and  wrought  iron  give 
practically  the  same  effect. 

The  condensation  from  surfaces  of  this  kind  depend.--- 
upon  the  air  resistance  of  the  radiator,  provided  the 
radiator  is  properly  designed.  That  all  depends  upon 
the  temperature  of  the  surface  and  the  temperature 
of  the  air.  Since  the  condensation  depends  upon  the 
air  resistance  of  the  radiator,  in  radiators  of  this  class 
low  resistance  is  not  wanted  because,  in  order  to  get 
the  condensation,  it  will  be  necessary  to  put  in  a  num- 
ber of  radiators.  Some  engineers  have  specified  widely 
spaced  fan  coils  of  low  resistance  and  then  put  in  a 
bank  of  coils  in  order  to  obtain  condensation.  This 
is  simply  wasting  surface,  as  the  same  heating  effect 
could  be  produced  with  closely  spaced  coils  and  a 
much  smaller  number  of  them. 

Determining  Pipe  Sizes. — In  this  country  we  prob- 
ably give  less  consideration  to  pipe  sizes  than  in  any 
other  engineering  country.  The  .sins  committed  by 
the  .•iverage  contractor  in  the  matter  of  pipe  sizes  are 
legion.     When  we  get  down  to  the  economical  use  of 
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pipe  there  is  just  one  way  to  determine  the  sizes,  and 
that  is  to  determine  the  resistance  of  each  piece  of 
pipe.  We  design  good  fan-piping  systems  for  air  by 
resistence,  and  yet  we  design  our  steam-piping  sizes 
on  a  heating  job  by  guesswork  and  experience — these 
terms  are  sometimes  synonymous. 

Some  years  ago,  when  I  had  some  time  on  my  hands 
and  a  heating  plant  was  to  be  designed,  I  designed  a 
real  piping  job  and  figured  the  pipe  resistance  to  each 
radiator,  and  it  is  the  most  satisfactory  job  of  heating 
that  I  ever  installed.  The  average  engineer,  however, 
is  too  lazy  to  go  to  the  trouble  of  doing  this,  and  I 
am  just  as  guilty  as  the  rest. 

To  take  pipe  sizes  out  of  a  table  and  have  them 
determined  by  the  square  feet  of  radiation  is  no  basis 
of  reason  on  a  large  job.  It  is  quite  possible  that 
close  to  the  boiler  you  can  put  150  sq.  ft.  of  radiation 
on  a  V/i-in.  riser,  while  at  a  remote  point  a  114-in. 
riser  might  carry  only  60  sq.  ft.  A  tremendous  amount 
of  pipe  is  wasted  in  the  heating  business  by  using  ex- 
cessive sizes.  To  design  a  system  of  this  kind  re- 
quires great  accuracy,  but  gives  economical  results. 

In  the  heating  business  we  more  often  make  the 
mistake  of  using  pipe  too  large  rather  than  pipe  too 
small,  particularly  in  the  smaller  installations.  In 
hot-water  piping  with  forced  circulation  it  is  abso- 
lutely necessary  to  work  from  friction  if  uniform  cir- 
culation and  no  short-circuiting  is  expected. 

Pipe  Coverings. — We  have  some  very  good  infor- 
mation on  the  subject  of  pipe  coverings  above  ground. 
We  are  just  acquiring  a  little  information  in  regard 
to  pipe  coverings  below  ground.  I  have  been  making 
some  experiments  on  pipes  buried  in  the  ground  with- 
out any  covering.  The  surprising  thing  in  these  ex- 
periments is  the  great  distance  that  heat  is  transmit- 
ted through  the  ground.  It  is  possible  to  detect  a 
steam  pipe  under  ground  20  ft.  away. 

We  also  find  that  the  condensation  below  ground  is 
less  than  the  condensation  in  the  air.  Our  latest  ex- 
periments show  that  there  is  less  condensation  with 
the  steam  passing  through  the  pipe  at  a  good  velocity 
than  with  the  steam  in  a  quiescent  state  in  the  pipe. 
Of  course,  the  deeper  the  pipe  is  buried  in  the  ground, 
the  less  is  the  heat  transmission,  and  if  we  were  to 
bury  a  pipe  to  a  sufficient  depth  it  would  be  unneces- 
sary to  have  any  covering  at  all — the  ground  would 
serve  as  its  own  heat  insulator — so  that  the  deeper 
we  run  heating  ducts  and  heating  pipes  the  less  we 
need  insulation.  This  fact  is  often  lost  sight  of. 
Exact  data  in  regard  to  these  facts  are  not  available, 
but  as  a  number  of  experiments  are  being  carried  on 
we  undoubtedly  will  soon  be  able  to  make  some  exact 
statements. 


Shipping  Bulk  Cement  in  Gondolas  and 
Unloading  With  Grab  Bucket 

Gondola  cars  were  used  successfully  last  year  by 
several  contractors  for  transporting  bulk  cement  for 
construction  jobs.  Tarpaulins  stretched  over  frames 
in  the  car  to  form  a  gable  roof  protected  the  cement 
from  rain  and  wind.  In  some  cases  the  cement  was 
unloaded  by  hand  shoveling  into  wheelbarrows,  but 
on  one  large  job  it  was  handled  by  a  grab  bucket  and 
locomotive  crane.  On  this  particular  work  over  14,- 
000  bbl.  were  unloaded  by  the  grab  bucket  and  it  was 
estimated  that  the-  loss  of  bulk  cement  was  less  than 
the  loss  would  have  been  with  sacked  cement. 


Present  Knowledge  of  the  Setting 
Action  of  Cement  and  Plasters 

In  order  to  focus  attention  on  the  gaps  existing  in 
the  present  knowledge  of  setting  action  that  occurs  in 
cement  and  plasters  an  international  discussion  of 
the  subject  was  held  last  winter  by  the  Faraday  So- 
ciety of  London.  The  discussions  presented  at  the 
meeting  are  summarized  in  Concrete  as  follows : 

The  Setting  Process,  in  Plasters  and  Cements. — Dr. 
C.  H.  Desch,  University  of  Glasgow,  opened  the  dis- 
cussion with  s.  paper  on  "The  Mechanism  of  the  Set- 
ting Process  in  Plaster  and  Cement." 

The  setting  of  plaster  occurs  in  a  manner  which  has  been 
satisfactorily  explained  by  Le  Chatelier.  throug-h  the  formation 
of  a  supersaturated  solution  and  crystallization  of  hydrated 
gypsum  in  spherulitic  groups  of  needles.  The  same  explanation 
may  be  applied  to  the  setting  of  soluble  salts,  of  magnesian  and 
other  similar  cements,  and  of  liarium  silicate.  In  regard  to  the 
more  complex  Portland  cement  class,  two  rival  views  have 
been  maintained.  On  the  one  hand,  Le  Chatelier  holds  that  the 
basic  silicates  and  aluminates  which  constitute  the  cement  form 
supersaturated  solutions,  and  that  the  products  of  hydrolysis 
then  crystallize  in  the  same  manner  as  plaster,  while  other  In- 
vestigators adopt  the  view  of  Michaelis.  that  the  products  are 
of  a  colloidal  character,  and  that  subsequent  processes  of 
crystallization  play  little,  if  any,  part  in  contributing  strength 
to  the  mass.  The  most  recent  investigations,  those  of  the  U.  S. 
Bureau  of  Standards  in  Washington,  confirm  this  explanation. 
When  closely  examined,  it  is  seen  that  the  difference  between 
the  rival  hypotheses  is  partly  verbal.  It  is  admitted  that  the 
crystals  which  are  formed  when  cement  sets  are  exceedingly 
minute,  even  of  ultramicroscopic  dimensions,  in  which  case 
the  surface  forces  become  comparable  with  those  which  de- 
termine the  crystalline  form.  One  may  adopt  the  view  of  von 
Weimarn,  that  the  passage  from  the  crystalline  to  the  colloidal 
state  with  diminishing  size  of  particles  is  a  continuous  one. 
The  size  of  the  particles  formed  in  the  setting  of  cement  Is 
undoubtedly  very  small.  The  differences  between  the  observa- 
tions of  different  investigators  may  be  attributed  in  part  to 
experimental  conditions,  small  quantities  on  a  microscope  slide 
yielding  crystals  more  readily  than  a  mass  of  cement  ga,ged 
as  in  use. 

Crystalloids  Against  Colloids  in  the  Theory  of  Ce- 
ments.— Professor  Henry  Le  Chatelier,  Paris,  sent  in 
a  contribution  to  the  discussion,  entitled  "Crystalloids 
Against  Colloids  in  the  Theory  of  Cements." 

The  author  considers  the  theory  which  attributes  the  harden- 
ing of  cements  to  certain  colloidal  properties  of  the  material  to 
be  devoid  of  sense,  for  a  colloid  is  taken  to  mean  a  body 
capable  of  hardening,  and  thus  the  theory  is  merely  a  definition. 
All  very  minute  insoluble  bodies  give  colloidal  suspensions.  The 
absorptive  power  of  these  bodies  is  only  a  particular  case  of 
much  more  general  properties.  Only  insoluble  bodies  can 
preserve  an  extreme  state  of  subdivision,  hence  colloids  never 
show  any  discernible   crystalline  form. 

In  plaster,  crystals  may  not  be  visible,  but  that  is  only  due 
to  their  extreme  minuteness.  When  the  humid  hydrated  plaster 
is  left  to  itself,  crystals  become  discernible  in  time.  Similar 
considerations  apply  to  the  calcium  aluminates.  In  the  harden- 
ing of  Portland  cement  calcium  silicate  is  the  essential  element: 
by  atialogy  with  barium  silicate,  hydrated  calcium  silicate  may 
be  said  to  crystallize,  but  in  minute  crystals,  initially  of  col- 
loidal dimensions,  but  in  course  of  time  they  grow.  As  the 
mechanical  resistance  does  not  diminish  with  time,  the  colloidal 
state  has  nothing  to  do  with  the  hardening,  the  explanation  of 
which  is  the  progressive  crystallization  of  hydrated  compounds 
of  cement  from  a  supersaturated  solution,  produced  by  the 
greater  solubility  of  the  anhydrous  compounds.  The  cr>-stals 
produced  from,  such  tolutions  are  in  the  form  of  elongated 
needles,  and  the  entanglement  and  close  adhesion  of  these  causes 
the  solidity  of  the  mass. 

The  Agglomeration  of  Granular  Masses. — Professor 
F.  G.  Donnan,  F.  R.  S.,  contributed  a  paper  on  "The 
Agglomeration  of  Granular  Masses." 

Attention  is  drawn  to  the  four  principal  factors  which  tend 
to  cause  the  caking,  binding,  or  setting  of  granular  materials, 
namely,  the  presence  of  unequally  distributed  stresses,  of 
granules  of  unequal  size,  of  unstable  or  metastable  forms,  and 
of  sheared  crystal  faces.  In  all  of  these  cases  the  material 
under  one  of  the  stated  conditions  is  more  soluble  than  the 
other    forms;    thus    solids    under    stress    are    more    soluble    than 
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when  unxlresscj.  aiiiiiller  cranulcM  than  lArse  irranulo. 
nittlaslable  than  NtubU-  L-r>.-<t&llliii-  (umin.  and  thu  amorphuu^ 
surface  of  a  ahearcd  cr>ntal  poHi«'H»r»  hiKher  aolublllty  than  thf 
Mtttblo  ciyBtuMlne  surfaocH.  Hi-mi-.  If  the  two  (dnn*  exlnt  Bide 
by  Bide  In  contact  with  a  Bolvent.  the  material  will  be  diaaolved 
from  the  one  form  and  repreclpltated  on  to  the  other  form,  and 
«o  brIdKes  of  repreclpltated  material  will  be  pmduced,  which 
will  cement  the  separate  partlclcB  Into  a  compact  maiu.  The 
operation  of  molecular  forces  undef  th«»e  condition*  Ih  fairly 
well  understood,  but  It  Ib  not  BUincienlly  known  or  appr<rclated 
by  many  occuple<l  with  InduHtrlal  prt>blemB. 

The  Constitution  and  Hydration  of  Portland  Ce- 
ment.— A.  A.  Kli'iii.  Worc-t'st'T,  Miiss.,  sent  u  pajier  on 
"The  Constitution  and  Hydration  of  Portland  Cement." 

A  short  hiBtorlcal  sketch  of  rCBearch  alonK  the  Itnei  of 
I'ortland  cement  from  the  time  of  VIcat  to  the  present  Is  Klven. 
Three  theories  have  been  brousht  forward  as  to  the  constitution 
of  cement:  (1)  That  entalllne  solid  solutions.  (2)  that  of  a 
lime-slllca-alumina  compound,  (3)  the  presence  of  separate 
Bilicatcs  and  aluminates  difTerinK  In  hydraulic  properties.  Of 
these  the  third  one  la  undoubtedly  correct,  and  the  essential 
compounds  of  cement  are  trioalcium  silicate  OCaO.SiOs). 
trioalclum  alumlnato  OCaO.AljO,).  and  the  beta  modification  of 
calcium  orthosillcate    (2CaO,S10.). 

The  presence  of  free  lime  denotes  undcr-burnlnir.  while  the 
compound  5Ca0.3.\l:Oj  may  be  present  as  a  result  of  under- 
burning  or  of  a  raw  material  mixture  low  In  lime  and  high  In 
alumina.  Mai;nesla  In  small  amounts  replaces  lime  In  the 
silicates  and  aluminatcs,  and  iron  occurs  colorinR  the  dicalclum 
silicate,  as  well  as  m  a  deeply  colored  Isotropic  llux  material. 
The  chemical  changes  involved  In  the  burnlnR  of  the  clinker 
are  discussed,  as  are  the  temperatures  of  formation  of  the 
various  essential  constituents.  A  summary  Is  also  Riven  of  work 
done  on  the  hydration  of  these  constituents  under  varying  con- 
ditions, with  a  special  reference  to  the  new  comjwunds  formed 
and  the  speed  of  reaction  with  water.  The  hydration  of  cement 
Itself  Is  then  considered  from  the  time  of  mixing  until  after  2S 
days,  and  the  conclusions  are  drawn  as  to  the  constitution  of  a 
cement  with  a  view  to  obtaining  the  best  setting  cement  from 
a  standpoint  of  expansion,  porosity  and  disintegration  through 
external    agencies. 

The  Setting  and  Hardening  of  Portland  Cement. — A 

paper  by  G,  A.  Rankin,  of  the  Geophy.sical  Laboratory. 
Washinpton.  entitled  "The  Setting'  and  Hardening  of 
Portland  Cement,"  was  read  by  Dr.  C.  H.  Desch. 

The  paper  records  an  experimental  study  of  the  hydration 
of  the  separate  constituents  of  Portland  cement  clinker,  namely, 
the  minor  constituents,  lime  and  5Ca0.3Al:0,,  and  the  major 
constituent.",  trlcalcic  aluminate,  dlcalclc  silicate,  and  tricalcic 
slllcale.  From  this  study  It  is  seen  that  the  inltiar  set  In 
Portland  cement  is  probably  due  to  the  hydration  of  trlcalcic 
aluminate:  that  the  hardness  and  cohesive  strength  at  first  are 
due  to  the  cementing  action  of  the  amorphous  material  pro- 
duced by  the  aluminate  and  of  tricalcic  silicate:  and  that  the 
gradual  increase  in  strength  is  due  to  further  hydration  of  these 
two  compounds,   together  with   the   hydration  of  dlcalclc  slUcate. 

The  value  of  Portland  cement  depends  upon  the  fact  that 
when  finely  powdered  and  mixed  with  water  an  amorphous 
gelatinous-like  material  is  formed  on  the  Individual  gr.alns, 
cementing  them  together.  This  amorphous  material  results 
from  the  major  constituents,  tricalic  silicate,  dlcalclc  silicate 
and  trlcalcic  aluminate.  Of  these  constituents,  the  compound 
trl'-alcic  silicate,  which  makes  up  about  30  per  cent  to  35  per 
cent  of  an  average  normal  Portland  cement.  Is  the  one  which 
hardens  and  develops  the  greatest  strength  within  a  reasonable 
time.  This  Is  due  to  the  gelatinous  hydrated  slUca  which  Is 
readily  released  when  this  compound,  in  ii  finely  powdered  state. 
Is  mixed  with  water.  The  essential  process  for  the  manufacture 
of  Poi^land  cement  Is  the  formation  of  this  compound.  Un- 
fortunately, the  Increase  of  the  percentage  of  the  trlcalcic 
slTlcate  does  not  appear  economically  possible  at  present.  A 
more  feasible  plan  of  attack  for  Improving  cements  would  appear 
to  l»e  to  release  hydrous  slllr.a  from  some  compound  such  as 
dlcalclc  silicate,  which  contains  .a  higher  percentage  of  silica 
than  trlcalcic  silicate,  by  the  dissolving  action  of  some  suitable 
electrolyte.  Investigation  along  these  lines  may  result  In  the 
discovery  of  a  cement  which  will  enable  ua  to  prcpore  a  con- 
crete closely  apiiroochlng  the  ideal;  grains  of  sand  cemented 
together  with   hydrous  silicate — the   toughest   of  «andatone». 

The  Colloidal  Theory  of  Setting. ^J<ihn  Rliodin  pointed  out 
the  Himllianty  between  the  SMlllng  of  cement  and  the  bt-havlor 
of  zeolites  towards  water.  These  minerals  lose  water  by  careful 
hi'aling  and  become  non-transparent,  but  the  original  transparent 
crystals  are  reformed  b.v  simple  Immersion  In  water.  The  author 
had  produced  zeolitclike  compounds  by  interactlbn  Iwtween  feld- 
spar, salt  and  lime  at  900  r    nn.!   sub n.nt   wushiiig  out   -'   •'■ 
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lucent  cr>alitlii  vould  bo  o^uiity  a««n.     H*>  iiUu  puliitwl  uul  tjuiiuu* 
cases  of  rapid  dscay  of  cements. 

Ancient  and  Modem  Mortar. — W.  J.  Dibdin  read  a 
paper  on  "Ancient  and  Modern  Mortar,"  of  much  hi.s- 
torical  intcre.st. 

The  comparlaon  between  ancient  and  modern  mortars  pre- 
aents  many  polnta  of  Interest.  purtlcuUrly  in  r*mrd  to  the 
<iuuntlty  of  lime,  the  character  of  th'      .-:  ■         -  •  ■■  -    , 

of  clay.     The  strength    of   certain   <■! 

as    If    the    art    haa    lieen    lost,    but    i'    .  :. 

mortars    fre<|uently     poaaena    airenitili     I'l^.i.     <       lut      i~m     uid 
samplea. 

An  Important  point  Is  that  rrlatlnr  to  the  quantity  of  llms 
used.  In  some  Instances,  the  volume  of  lime  la  meaaured  aa  dry 
unslaked  lime  as  received  from  the  kiln.  In  others,  the  lime  han 
been  first  "dry-slaked"  and  the  re<iulrcd  quantity  taken  from 
the  powdery  mass,  which  has  a  volume  per  unit  of  weight  of 
unslaked  lime  greater  than  that  originally.  In  some  cascH  the 
slaked  lime  Is  first  made  Into  a  "putty."  kept  for  a  time,  and 
then  measured  In  that  condition.  All  statementa  uf  proportions 
of  lime  to  aggregate  are  generally  given  In  terms  of  volume 
unslaked   lime. 

Tho  analysis  of  a  aeries  of  ancient  mortars  showed  that  the 
volume  of  aggregate  to  1  volume  of  unslaked  lime  varied  from 
0.4  to  3.7.  but  the  average  of  thjcao  was  about  1,  aa  compared 
with  the  modern  practice  of  3,  The  best  results  of  a  large  num- 
ber of  mortars  prepared  for  experimental  purposes  showed,  out 
of  15  samples,  that  II  contained  2.0  to  2.5  of  aggregate  to  1  of 
lime.  The  ancient  mortars  therefore  contained  more  lime  than 
Is  considered  permissible  in  modern  practice. 

Modem  specifications  of  the  aggregate  to  bo  used  (or  the 
mortar  generally  state  that  this  Is  to  be  "clean,  washed  aajid, 
etc."  The  results  of  the  analyses  of  ancient  mortars  of  the 
12th  and  13th  centuries,  and  that  of  the  London  Wall,  showed 
that  the  proportion  of  aggregate  was  not  only  less,  but  Its 
character  was  largely  that  of  gravelly  sand  with  clean  fer- 
ruginous clay. 

In  the  samples  of  mortar  from  Alllngton  Castle,  early  13th 
century,  tho  relative  proportions  of  lime  to  sand,  etc.  were 
1  to  1.7,  1  to  1.1  and  1.9.  The  percentage  of  clean  ferruginous 
clay  was  respectively  8.6  per  cent.  3.66  per  cent  and  4.0  per  cent 
on  the  sand,  which  was  fairly  coarse. 

Samples  of  Itoman  mortar  contained  clean  lime  and  broken 
brick  only;  while  another  from  Threlfall  Castle,  near  Hythe, 
contained  clean  Hint  and  pebbles  for  the  aggregate. 

As  showing  the  character  of  some  of  the  mortar  used  after 
the  Fire  of  London,  a.  sample  from  Painters"  Hall,  built  by  Sir 
Christopher  Wren,  contained  lumps  of  lime,  ."ome  soft  and 
some  hard,  the  "sand  and  grit"  consisting  of  broken  red  brick 
and  organic  debris,  evidently  old  rubbish  from  the  ruins  of 
the  Fire. 

The  results  of  special  experiments  show  distinctly  the  reason 
of  the  .idvantagc  gained  by  the  early  builders  In  fixing  their 
ratio  at  about  1  to  2  and  the  use  of  a  coarser  aggregate.  The 
modern  rush  after  economy,  by  reducing  the  quantity  of  lime.  Is 
very  largely  responsible  for  the  f.-vlling  off  In  quality. 

The  use  of  clay  Is  disadvantageous  with  white  chalk  lime  and 
greystone  lime,  but  with  blue  lias  lime  a  marked  improvement  Is 
sometimes  obtained. 

An  essential  factor  In  regard  to  tho  strength  of  mortar  la 
that  relating  to  the  voids  between  the  particles.  .\  mortar  made 
with  a  sand  having  40  per  cent  of  voids  had  a  crushing  strength 
of  only  70  lb.  per  cu.  In.,  while  with  a  sand  having  only  23  per 
cent  of  voids  the  crushing  strength  was  154  lb. 

The  suggestion  that  soluble  silicates  are  formed  In  the  course 
of  timo  is  not  Iwrne  out  In  the  author's  experience.  The  ex- 
amination of  numerous  samples  of  ancient  mortar  revealed  the 
presence  of  nc  more  soluble  silica  than  la  normally  found  In 
ordinary  fresh-made  mortar.  Certain  cases  are  met  with  In 
which  the  soluble  allien  Is  much  higher,  but  In  auch  Instances 
tho  character  of  the  mortar  leads  to  the  conclusion  that  trass  or 
poizuolan.  etc.  had  been  employed. 

The  setting  of  mortar  was  ascribed  by  Ornhnm  to  the  fact 
that  "on  drying,  the  mortar  binds  the  stonea  between  which  It 
Is  Interiiosed.  and  Its  own  particles  cohere  so  as  to  form  a  hard 
mass  solely  by  the  attraction  of  aggregation,  (or  no  chemical 
combination  takes  place  between  the  lime  and  the  sand,  and  the 
atones  nro  almply  unljed  as  two  pieces  of  wood  are  by  glue." 
"From  the  minute  division  of  the  silica  and  alumina  In  hydraulic 
mortar,  their  combination  with  lime  Is  more  likely  to  occur  than 
In  ordinary  mortar.  Still,  the  fixing  of  the  hydraulic  mortar 
seem:'  to  be  chlelly  due  to  tho  fixation  of  the  water  and  forma- 
tion "f  a  solid  hydrate  like  gypsum."  This  view  entirely  acreas 
with  ilie  author's  experlmenla." 
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Effect  of  the  Addition  of  Slag  on  the  Setting  of  Ce-  rciatively    poor   quality   was    often    improved,    a    first-class    Port- 

ment.— A    paper    by    E.     Uenv,    I.    A.    M.,    Ghent,    and  "'"f  "'"«"'  ^''^  "°'  have  iis  mechanical  properties  improved  by 

,,     „     ^         .     ^^^      /      ,,..    ,        ■               .,mu       ^ee      t       e   ^u  ^"'^^^  ^"  ad.lition.     Yet  he  found  that  with  such  additions  products 

K.    H.    Lewis,    M.    A.,    \\  ishaw,    on      The    Effect    of   the  ™^,i<j  be  obtained  quite  equal  in  mechanical  properties  to  many 

Addition  of  Suitable  Slag  on  the  Setting  Properties  of  Portland  cements. 

Portland  Cement,"  was  read  bv  Mr.  Lewis.  There  was  one  point  which  had  not  been  recognized,  namely. 

The   authors   were    not   able    to    communicate   results   of   lab-  l^l  sensitiveness   of    Portland   cement    to    which    such    additions 

oratorj-   research   into   the   setting  of   Portland   cement,   and   gave  ^''"^  ^'^<"-  "="J«  '°  sulphates  contained  in  aggregates  with  which 


only  certain  results  which  had  been  obtained  by  them  in  the 
manufacture  on  an  industrial  scale  of  the  class  of  cement  which 
m  German  would  be  called  "Eisen"  Portland.  These,  as  far  as 
they  go,  confirm  the  results  given  by  Dr.  Passow. 

The  cement  made  from  blast  furnace  slag  is,  of  course,  like 
other  Portland  cement,  made  from  limestone  and  clay.  But  a 
portion  of  the  limestone  and  the  bulk  of  the  clay  are  subject 
to  a  double  burning,  being  first  passed  through  the  blast  furnace. 
Ninety  per  cent  of  the  lime  in  the  slag  which  they  had  used 
came  from  the  limestone  used  as  flux  in  the  furnaces,  while, 
roughly.  70  per  cent  of  the  silica  came  from  the  ores  and  70 
per  cent  of  the  alumina  from  the  coal  used  in  Scottish  practice. 
Cement  clinker  made  from  such  slag  and  limestone,  on  ac- 
count of  its  comparatively  high  alumina-to-silica  ratio,  gires 
generally  a  quick  setting  cement.  But  this  property  Is  capable 
of  adjustment  by  the  use  of  a  suitable  limestone,  and  by  the 
addition  of  properly  granulated  slag.  By  these  two  expedients 
the  settmg  time  can,  if  required,  be  reduced  to  that  of  a 
medium  of  slow  setting  cement.  Considerable  objection  Is  some- 
times raised  to  the  addition  of  granulated  slag.  The  authors' 
experience  had  been  that  such  an  addition,  up  to  30  per  cent  of 
the  total,  not  only  regulates  the  setting  time  of  the  cement,  but 
adds  considerably  to  its  tensile  strength. 

Not  only  is  this  improvement  possible  to  the  high  alumina 
cement  made  from  clinker,  of  which  such  slag  and  limestone  are 
the  constituents,  but  the  effect  is  the  same  in  the  case  of  Port- 
land cement  made  from  the  usual  material.  It  had  been  stated 
by  a  very  competent  authority  that  German  "Eisen"  Portland 
cement  was  mere'y  a  .genuine  Portland  cement  adulterated  with 
slag.  This  statement  led  the  authors  to  make  experiments  to 
determine  the  result  of  adding  granulated  slag  to  a  standard 
brand  of  Portland  cement. 

The  results  of  tests  made  with  the  cement  neat  and  with 
the  cement  mixed  in  the  proportion  of  70  to  30  with  Wlshaw  blast 
furnace  granulated  slag  are  given  in  the  paper. 

There  was  one  very  interesting  point  to  which  they  par- 
ticularly wished  to  call  attention.  It  is  generally  admitted  that 
ouick- setting  Portland  cement  has  less  strength  after  a  time 
than  cement  which  sets  more  slowly.  TVith  their  cement  the 
high  content  of  alumina  makes  it  possible,  contrary  to  the 
generally  accepted  theory,  to  use  without  fear  of  expansion,  a 
greater  percentage  of  lime  in  the  clinker  than  is  usual.  The 
result  of  grinding  such  a  clinker  without  any  addition  of  raw 
slag  is  a  very  quick  setting  cement;  but  if  suitable  slag  be 
added,  such  clinker  gives  a  cement  of  reasonable  setting  time, 
which  soon  attains  so  great  a  strength  that  it  has  reached 
1,300   lb.    per  sq.    in.    at   28   days. 

This  result  was  due  to  the  presence  in  the  clinker  of  a  large 
proportion  of  "alite"  consequent  upon  the  high  percentage  of 
lime,  which  is  greater  than  could  be  carried  in  ordinary  Portland 
cement. 

They  suggested  in  conclusion  that  the  quick  setting  and 
hardening  was  due  to  the  beneficial  effect  of  the  large  propor- 
tion of  hydrolysed  aluminate  upon  the  subsequent  hydrolysis  of 
the  silicate  of  lime:  further  research  into  this  point,  which  Is 
peculiar  to  such  high  alumina  cement,  would  be  of  interest. 

Percy  C.  H.  West  also  spoke  on  the  effect  of  the 
addition  of  slag  to  Portland  cement: 

The  origin  of  the  discussion  of  this  subject  is  to  be  found  in 
the  discovery  of  the  cementitious  properties  of  blast  furnace  slag 
and    the   production   of   a   pozzulanic   cement    from    this   material. 

Michaelis,  and  about  the  same  time  Erdmenger,  in  the  seven- 
ties and  eighties  obser%'ed  the  notable  results  obtained  by  the 
addition  of  pozzuolanic  materials  to  Portland  cement  mortars, 
and  these  results  were  the  first  blows  struck  in  a  battle  which 
is  apparently  not  yet  ended. 

The  publication  of  a  circular  by  the  "Vorwohler"  Portland 
Cement  Works,  which  were  selling  a  Portland  cement  to  which 
blast  furnace  slag  had  been  added,  describing  their  cement  as  a 
■"F'ortland  cement  improved  by  the  addition  of  silica  in  an  active 
form"  was  the  next  important  incident  in  the  conflict. 

The  .\ssociation  of  German  Portland  Cement  Manufacturers 
then  began  to  take  active  steps  to  show  that  such  additions 
were  adulterations  and  nothing  more.  Dyckerhotf  was  one  of 
the  strongest  suppcrters  of  this  view.  On  the  other  side  was 
Dr.  Passow. 

The  work  carried  out  on  an  extensive  scale  by  the  Royal 
Prussian  Material  Testing  Station  generally  agreed  with  the  ex- 
perience   of    the    speaker,     that    while    a    Portland    cement 
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the  cement  was  used.  Tests  which  had  been  carried  out  by  him 
showed  that  in  cold,  wet  •weather,  expansion  of  the  concrete 
leading  to  most  undesirable  results  was  liable  to  occur  where 
what  may  be  described  as  an  "Iron  Portland  Cement" — that  la 
to  say,  a  Portland  cement  to  which  slag  had  been  added— was 
used:  while,  when  Portland  cement  had  been  employed  with  the 
same  aggregate  and  otherwise  in  similar  conditions,  such  un- 
desirable results  did  not  occur. 

The  whole  question  had  been  energetically  debated  In  the 
past,  and  for  guidance  in  coming  to  a  conclusion  one  must  have 
regard  to  the  prior  publications  concerning  the  matter. 

Setting  of  Portland  Cement  in  Relation  to  Engineer- 
ing Structures. — Bertram  Blount  read  a  paper  on  "The 
Setting  of  Cement  and  Its  Relation  to  Engineering 
Structures." 

The  author,  after  indicating  the  lack  of  exact  knowledge  of 
the  nature  and  cause  of  the  setting  of  cements  of  all  classes. 
deals  with  the  typical  case  of  plaster  of  Paris,  and  points  out 
that  there  is  at  present  no  true  parallel  between  that  and  the 
more  important  case  of  Portland  cement.  He  mentions  modes 
of  determining  the  setting  of  Portland  cement  and  shows  that 
these  from  the  nature  of  the  material  cannot  be  exact,  though 
sufficient  for  their  purpose  when  such  cement  is  in  question. 
When,  however,  the  setting  of  concrete  has  to  be  taken  into 
account,  the  setting  of  the  cement  itself,  though  useful  as  a 
guide,  is  not  conclusive,  both  because  of  difference  of  climate  and 
the  dilution  of  the  cement  with  various  aggregates,  and  he 
pleads  for  fuller  investigation. 

The  subject  was  then  thrown  open  for  general  dis- 
cussion by  those  present. 

W.  D,  Caroe  gave  some  practical  illustrations  of  the  value 
of  scientific  investigations  into  the  problems  connected  with 
cements  and  mortars  from  the  point  of  view  of  the  builder. 
One  case  illustrated  was  the  stabiUty  of  St.  Paul's  Cathedral. 
Another  case  led  him  to  question  the  wisdom  of  excluding  clay 
from  mortar,  as  was  done  in  the  standard  specifications  adopted 
by  architects.  The  expansion  of  cement  containing  slag  needed 
investigation,  as  did  also  the  chemical  effect  of  cement  upon 
stone.  As  ordinarily  used,  cement  was  often  a  source  of  great 
danger   to   old    buildings. 

A.  Binns  spoke  of  the  setting  of  cement  from  the  point  of 
view  of  the  constructional  engineer.  Initial  set  must  not  take 
place  Until  the  material  is  in  position,  but  once  in  place  the 
setting  and  hardening  should  be  rapid.  He  referred  also  to  the 
improvements  in  cements  during  the  last  20  years,  largely  due 
to  scientific  research.  The  percentage  of  water  used  in  con- 
crete was  of  great  importance,  and  it  was  not  sufficiently 
controlled. 

W.  J,  Cooper  considered  that  Portland  cement  as  made  today 
could  be  free  from  any  danger  of  future  expansion.  Researches 
on  the  time  of  setting  should  be  carried  out,  with  a  view  of  Im- 
proving  setting  qualities. 

T.  Martin  Lowry,  F.  R.  S,,  spoke  of 'the  difficulties  that  often 
arose  on  account  of  the  setting  into  a  hard  mass  of  salts  like 
ammonium  nitrate.  The  fundamental  cause  was  recrystalliza- 
tion,  but  in  the  absence  of  moisture  caking  did  not  take  place. 
Both  caking  and  disintegration  were  broad,  general  phenomena, 
and  further  research  was  called  for. 

P.  C.  Hemmings  thought  that  to  explain  the  setting  of  plaster 
of  Paris  it  was  sufficient  to  assume  that  the  dihydrate  was 
deposited  in  the  interstices  of  the  tiny  particles  and  that  the 
whole  mass  was  not  converted  into  dihydrate.  In  the  case  of 
crj'stalline  salts  the  presence  of  a  solvent  medium  was  essential 
for  setting.  He  gave  some  interesting  details  with  regard  to 
the  conditions  under  which  such  setting  took  place,  and  also 
referred  to  some  commercial  applications  of  these  problems. 

Dr.  W.  Rosenhain,  F.  R.  S.,  included  the  setting  of  metals 
in  the  more  general  analogous  phenomena  referred  to  by  Dr. 
Donnan  and  the  last  speakers.  Here  also  setting  was  caused 
by  crystals  adhering  to  one  another  very  powerfully.  The 
welding  of  metals  was  in  that  sense  also  a  case  of  setting.  He 
discussed  the  mechanism  of  crystal-adhesion,  which  was  not 
due  to  frictional  cohesion,  and  attributed  it  to  a  film  of 
amorphous  material  between  the  crystals  which,  possessing  the 
properties  of  undercooled  liquid,  had  no  planes  of  cleavage  or 
weakness.  The  therry  was  borne  out  by  what  had  been  said 
about  the  setting  of  •jements  and  of  crystalline  aggregates. 
Dr.  C.  H.  Desch  r  :mmed  up  the  results  of  the  discussion.    The 


iulv  _'4.  lyis. 


K.\'(;iN'KKklN<;     AND     CONTRACTING 


S.^ 


•Iirrercnora  betwrrii  ihi-  ir>  »tiilliiu-  and  colloldul  thr 
iH-rn  Hhown  to  be  laruply  a  ilifJi-r.-not-  In  tc-rnm.  Thr 
dlfffirrncr  b.tween  ca««.s  of  riMryxmlllxutlon  und  of  iti.- 
a  .ollojdal  ?iias.s  lay  In  the  nulubllltv 


!•■«  had 
"Kontlul 
nUiK  "f 


Concreting    Plant    for   Lonft    \  iadiict 

Mounted  on  Sled  and  Moved  Along 

as  Work  Progressed 

In  ponstructinjr  the  l.iWO-fl.  Lumrcte  viaduit  ap- 
proach to  the  Central  Ave.  bridjre  at  Kansas  City,  Kan., 
described  elsewhere  in  this  issue,  all  concrete  was 
poured  from  a  tower.  The  tower  complete  with  mi.xer 
and  hoistinft  equipment  were  mounted  on  a  larfre 
."led,  and  were  moved  alongside  the  structure  as  the 
work  progressed.  Switch  tracks  were  adjacent  to  the 
viaduct  for  a  good  share  of  its  length,  and  the  sand 
and  rock  could  therefore  l)e  delivered  very  close  to 
the  mixer.  The  material  was  in  general  shoveled  di- 
rect from  the  cars  onto  shoveling  platforms  compo.sed 
of  old  steel  scrap  plates.  The  mixer  was  charged  with 
barrows,  a  short  incline  being  moved  along  with  the 


Viaduct   Constructior 


With    Movable    Concreting    Plant. 


sled  to  provide  an  easy  runway.  Cement  was  stored 
in  a  warehouse  at  one  end  of  the  viaduct  and  hauled 
by  wagon  to  the  mixer  as  needed.  The  plan  worked 
out  very  well.  If  a  stationary  plant  had  been  in- 
stalled, the  length  of  the  viaduct,  as  well  as  the  num- 
ber of  turns,  etc.,  would  have  caused  some  annoy- 
ance in  the  delivery  of  the  mixed  concrete  for  the 
"omparatively  small  force  of  men  employed,  but  by 
arranging  the  movable  plant  all  of  the  workmen,  those 
mixing  the  concrete  as  well  as  those  placing  it,  were 
under  the  direction  of  one  superintendent,  which 
would  not  have  been  the  case,  of  course,  with  a  re- 
mote mixing  plant. 


Salvaging  Lumber  with  Hesawing  Plant. — The  Chi- 
cago, Burlington  &  Quiiicy  R.  R.  is  effecting  a  saving 
of  $G.000  to  $8,000  a  year  by  resawing  old  lumber  at 
a  plant  at  C.alesburg.  111.  The  plant  consists  of  a  Ber- 
lin No.  ."?  pony  band  saw  with  a  ."iO-ft.  carriage,  and  a 
36-in.  cut-ofT  saw.  Both  saws  are  operated  by  elec- 
tricity. The  sawmill  gang  consists  of  a  sawyer  and 
four  helpers.  Two  of  the  latter  bring  the  lumber  to 
the  saw  and  the  other  two  pile  it  or  load  it  into  cars 
for  shipment.  The  old  lumber  is  sorted  when  received 
and  sawed  up  as  orders  come  in.  The  labor  cost  in 
1917  was  as  follows: 

Per  M  ft.  B.  Nt 

On   the   resaw    I0.3S 

Cutoff    -saw    20  to    ■'° 


Visible  Record  System  for  Expe- 
diting Construction  Contracts 

A  syst«'m  that  provides  a  visible  record  of  each 
contract  and  of  the  .Hiatus  of  the  questions  on  '.vhich 
decision  is  pending  is  employed  by  the  Public  Works 
Office  of  the  Philadelphia  Navy  Yard  in  handling  the 
large  amount  of  construction  now  under  way  at  that 
point.  The  plan  is  described  bv  Civil  Engineer  Ue  Witt 
C.  Webb.  U.  S.  Navy,  in  the  April  Public  Worka  of  the 
Navy. 

The  principal  subdivisions  and  their  heads  are  as 

follows : 

(lencral  yard  development,  maintenance  and  re- 
pairs:    Assistant  civil  engineer. 

Day  labor  work:  Two  assistant  civil  engineers,  one 
in  office  and  one  outside. 

Yard  transportation,  expediting  shipments,  sand  and 
gravel  production  and  distribution  under  commandeer 
orders:     Supervising  engineer. 

Records  and  clerical:     Chief  clerk. 

Design,  drafting,  checking  plans,  etc.:  Chief 
draftsman. 

Electrical  and  mechanical  installations  and  contract 
inspection  of  similar  work:     Electrical  aid. 

Engineering  contract  inspection:     Expert  aid. 

A  supen'ising  engineer  acts  as  general  assistant  to 
the  public  works  officer,  particularly  in  the  more  im- 
portant engineering  matters,  and  a  stenographer  acts 
as  secretary. 

The  inspection  force  is  further  divided  into  a  num- 
ber of  sections,  each  under  an  experienced  man  who 
is  responsible  for  the  proper  inspection  of  all  con- 
tracts under  him. 

Each  of  these  section  inspectors  has  under  him  a 
chief  inspector  for  every  contract,  who  is  in  charge  of 
the  inspection  work  on  that  contract.  Under  each  of 
these  chief  inspectors  is  a  sufficient  force  of  pile  in- 
spectors, concrete  inspectors,  etc..  thoroughly  to  cover 
the  work.  On  the  larger  contracts  the  chief  inspector 
has  also  enough  men  to  do  all  the  necessary  surveying 
for  the  purpose  of  giving  lines  and  grades  or  making 
estimates  for  payment.  Each  section  inspector  is  also 
able  to  organize  a  survey  party  for  these  purposes 
without  disarranging  the  work  of  his  chief  inspectors. 

Each  contractor,  on  being  awarded  a  job,  is  re- 
quired to  submit  a  "progress  chart"  showing  the  dates 
on  which  he  anticipates  commencing  and  finishing  the 
major  items  of  work  in  his  contract.  These  charts 
are  plotted  on  cross-section  tracing  cloth,  and  on  them 
is  posted  weekly  the  actual  (luantities  of  work  done. 
It  is  thus  an  easy  matter  to  ascertain  whether  or  not 
the  work  is  progressing  as  anticipated. 

Once  a  month  each  section  chief  makes  a  report  of 
the  amount  of  work  done  and  the  quantities  of  ma- 
terial used  on  all  contracts  under  his  charge.  After 
this  has  been  checked  against  an  independent  esti- 
mate prepared  by  the  chief  estimator,  a  voucher  is 
prepared  for  monthly  payment. 

Before  beginning  work  contractors  are  required  to 
submit  for  approval  samples  of  the  various  materials 
entering  into  their  construction.  These  samples  are 
compared  with  the  specification  requirements,  are  ac- 
cepted or  rejected  in  writing,  and  a  typewritten  sheet 
glued  or  tied  to  each  sample,  showing  the  contract  to 
which  it  pertains  and  a  reference  to  the  letter  accept- 
ing IT  rejecting  it.  A  room  has  been  fitted  with 
.-helves  and  a  space  provided  for  each  contract,  where 
all  thi'  samples  submitted  for  that  work  are  assembled 
for  ruiivenient  reference.    When  deliverv-  of  materials 
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begins,  inspectors  compare  the  accepted  sample  with 
the  material  actually  delivered. 

With  a  large  number  of  contracts  under  way,  it  is 
inevitable  that  many  differences  of  opinion  regarding 
final  settlements  should  arise,  and  it  is  exceedingly 
necessary  to  keep  a  complete  and  accurate  history  of 
every  contract.  This  is  accomplished  by  having  each 
inspector  make  out  a  daily  report,  showing  not  only 
the  amount  of  work  done,  but  the  points  at  which 
work  was  being  prosecuted,  the  reason  for  changes 
and  delays,  and  all  other  matters  that  might  have  a 
bearing  on  the  final  adjustment  of  the  work.  From 
these  reports  is  made  semi-monthly  a  typewritten  di- 
gest of  the  work  accomplished  on  each  contract.  These 
digests  frequently  furnish  sufficient  information  for 
settling  questions  that  arise,  and  when  more  detailed 
data  are  required  it  is  easy  to  trace  the  matter  back 
to  the  original  daily  reports.  As  soon  as  a  contract 
has  been  disposed  of  the  reports  for  that  contract  are 
bound  and  filed. 

Another  most  important  feature  of  the  organization 
is  to  expedite  attention  to  correspondence  and  other 
matters  relating  to  the  large  number  of  contracts. 
Such  matters  are  handled  in  a  manner  that  has  proved 
effective.  Each  letter  or  paper  relating  to  a  question 
which  should  be  handled  by  one  of  the  assistants  is 
attached  to  one  of  the  small  slips  shown  herewith, 
which  shows  the  name  of  the  firm  or  person  from 
whom  the  papers  have  come,  the  date  received,  a  con- 
secutive number,  the  subject,  the  name  of  the  man 
to  whom  it  has  been  referred,  and  the  date  of  refer- 
ence.    These  slips  are  made  out  in  triplicate: 

i  ! 

I         From:  I 

I         Date:  Let.  No.  Ind.  No.  ' 

I        Subject: 

Ref'd   to:  I 

I 
I        Date: 


On  a  large  board  secured  to  the  wall  in  the  office  of 
the  public  works  officer  are  a  number  of  columns,  each 
of  which  is  headed  by  the  name  of  an  assistant.  Under 
each  of  these  names  are  thumb-tacked,  in  consecutive 
order,  one  copy  of  each  slip  describing  matters  that 
have  been  referred  for  action  to  the  man  whose  name 
heads  the  column.  When  action  has  been  taken,  the 
letter  answered,  etc.,  the  papers  in  each  instance 
come  back  to  the  public  works  officer  for  his  infor- 
mation, and  as  soon  as  received  the  slip  relating 
thereto  is  removed  from  the  board.  One  copy  of  each 
slip  also  goes  to  the  file  clerk  for  his  information. 

It  is  thus  possible  to  trace  any  matter  which  has 
come  up  for  decision  and  has  not  been  dealt  with 
promptly.  Moreover,  it  is  easy  to  tell  in  general  how 
promptly  each  man  is  in  disposing  of  his  important 
business,  and  to  follow  up  matters  requiring  special 
haste  without  waiting  for  further  reminders  from  the 
original  correspondent.  The  board  also  indicates  at 
a  glance  how  much  of  a  load  each  one  of  the  assistants 
is  carrying. 

The  system  outlined  has  enabled  the  public  works 
office  in  question  to  take  care  of  its  tremendously  ex- 
panded construction  business  without  confusion  or 
delay,  and  furnishes  an  unusual  degree  of  insurance 
against  the  sidetracking  of  important  matters. 

Record  for  Keel  Laying. — In  reporting  to  the  Ship- 
ping Board  the  launching  of  the  Quinnesec,  the  Terry 
Shipping  Co.  of  Savannah,  Ga.,  stated  that  within  90 
seconds  after  the  ship  left  the  ways  another  keel  had 
been  placed  in  position  on  the  vacated  blocks. 


The    Core    Type    of    Reinforced 
Concrete  Floor  Construction* 

The  core  type  of  reinforced  concrete  floor  construc- 
tion, in  which  pressed  steel  cores  are  used  to  produce 
a  series  of  parallel  connected  tee  beams,  has  come  into 
extensive  use. 

This  type  of  construction  is  exploited  principally 
by  companies  manufacturing  specialties  in  pressed 
steel  products  and  the  forms  are  known  by  various 
names,  such  as  "Pressed  Steel  Cores,"  "Steel  Forms," 
"Metal  Tile,"  "Floretyles,"  "Steel  Tile,"  etc.,  and  also 
known  to  many  as  the  "tin  pan  system."  This  sys- 
tem provides  a  simple  type  of  floor  construction  which 
may  be  supported  by  walls  or  beams  of  steel  or  rein- 
forced concrete  poured  in  conjunction  with  the  floor 
system. 

Core  Details. — The  various  features  that  go  to  make 
up  the  system  are  as  follows: 

Tee  Beams. — The  floor  structure  is  in  reality  a  series 
of  connected  tee  beams  presenting  a  flat  surface  on 
top.  The  flange,  usually  from  2  in.  to  3  in.  thick, 
forms  the  compression  member  of  the  tee  section,  and 
the  web  or  rib  of  the  tee,  which  encases  the  reinforc- 
ing steel,  projects  below  the  slab.     These  ribs  are 
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from  4  in.  to  6^2  in.  in  width,  generally  spaced  from 
24  in.  to  31 V2  in.  on  centers  and  from  4  in.  to  14  in. 
in  depth. 

Ceilings. — In  the  great  majority  of  cases  a  metal 
lath  ceiling  is  secured  to  the  bottom  of  the  joists, 
which,  upon  being  plastered,  produces  a  flat  ceiling 
surface.  There  is,  however,  a  tendency  to  extensive 
use  of  the  construction  in  buildings  for  factory  or 
storage  purposes,  which  are  necessarily  designed  for 
heavy  loads,  and  where  the  flat  ceilings  are  not  re- 
quired. In  these  cases  the  cores  are  removed,  and 
upon  removal  a  concrete  ceiling  with  a  surface  sim- 
ilar in  appearance  to  a  wood  joint  floor  is  produced. 

Special  Features. — The  special  feature  in  the  core 
type  of  construction  is  in  the  use  of  a  broad  trough- 
shaped  pressed  steel  core  or  center,  placed  in  an  in- 
verted position  and  supported  by  wooden  skeleton 
centering.  These  pressed  steel  cores  form  the  cen- 
tering for  the  sides  of  the  rib  and  the  bottom  of  the 
flange,  while  the  wooden  supports  form  the  center- 
ing for  the  bottom  of  the  rib  of  the  tee  beam.  The 
cores  are  varied  in  design  and  weight  to  meet  require- 
ments  of  either  permanent   or  removable   centering. 

•From  a  paper  by  A.  H.  Broinley,  Jr..  Chief  Engineer,  Sales 
Department.  Berger  Mfg.  Co.,  presented  June  29  at  the  conven- 
tion of  the  .VnnoHcan  Concrete  Institute. 
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Removable  cores  are  usually  made  in  from  16  to  22 
gage  and  non-removable  in  from  24  to  28  gage  ma- 
terial. Where  necessary,  the  cores  are  tapered  in 
width  to  increase  the  width  of  rib  adjacent  to  sup- 
ports, to  make  proper  provision  for  the  maximum 
shearing  stresses,  or  for  requirements  of  negative 
bending  moment.  Suitable  end  caps  are  provided  to 
close  up  the  ends  of  the  lines  of  cores. 

Dimensions. — The  dimensions  of  the  cores  are  ap- 
pro.ximatcly  as  follows:  Stock  lengths,  2  ft.  6  in. 
to  4  ft.  Regular  widths,  20  in.  and  25  in.,  with  spe- 
cial widths  of  6  in.,  8  in.  or  12  in.  and  over,  made  for 
narrow  spaces.  Depths,  4  in.,  6  in.,  8  in.,  10  in.,  12  in. 
and  14  in. 

Shape  of  Cores. — The  cores  are  made  with  sides 
slightly  tapered  and  usually  with  a  slight  arch  in  the 
tops. 

Beam  Spacing. — It  may  be  readily  seen  from  the 
data  given  above,  that  the  skeleton  wood  centering 
to  support  the  cores  and  form  the  bottom  of  the  rib 
will  require  horizontal  supporting  members  only  6  in. 
or  8  in.  wide  and  spaced  24  in.  to  31'-  in.  on  centers, 
insuring  great  economy  in  material  and  labor  as  well 
as  speed  in  erection  of  the  carpenter  work. 

General  Methods  of  Construction. — There  are  two 
general  methods  of  construction,  differing  principally 


Cross    Section    Showing    T-Beam    Construction. 

in  the  installation  of  the  metal  lath  ceiling  under  the 
cores. 

One  method  is  where  a  light  gage  ribbed  expanded 
metal  lath,  or  a  stiff  heavy  gage  lath  is  laid  over  the 
forms  before  the  cores  are  placed.  The  concrete  when 
poured  engages  the  meshes  of  the  lath  in  the  bottom 
of  the  ribs,  thereby  securing  it  in  position.  It  is  gen- 
erally found  advisable,  however,  to  secure  wire  to  the 
lath,  which  wire  is  placed  so  as  to  extend  up  into  the 
concrete  rib,  and  thereby  form  a  more  secure  fasten- 
ing. 

The  other  method  provides  for  regular  ceiling  lath 
to  be  installed  after  the  wood  centering  has  been  re- 
moved from  under  the  construction.  The  cores  are 
secured  by  lightly  nailing  them  to  the  wooden  forms, 
when  wire  hangers  (^consisting  of  a  hooked  end  and 
straight  portion  about  15  in.  to  18  in.  long)  are 
pushed  through  the  holes  previously  punched  through 
the  tops  or  sides  of  the  cores,  and  when  concrete  is 
poured,  these  hook  ends  are  securely  held  by  it.  After 
the  concrete  is  poured  and  the  centering  removed,  fur- 
ring bars  or  rods  are  suspended  under  and  at  right 
angles  to  the  ribs  by  securing  them  with  these  wires. 
The  metal  lath  is  then  wired  to  the  furring  rods  in  the 
usual  manner.  Advantages  are  claimed  for  this 
method  in  that  the  ceiling  plaster  is  kept  away  from 
the  concrete,  thus  allowing  an  air  space  above  the 
entire  plastered  ceiling.  This  eliminates  discolora- 
tion of  the  white  coat,  which  discoloration  is  usually 
in  evidence  where  any  type  of  joist  construction  is 
used  which  does  not  provide  continuous  air  space.  A 
further  advantage  of  this  method  is  that  the  center- 
ing can  he  removed  for  re-use. 

( 


The   Enjjineering    Council   Urges 

Conservation  of  IVchnical 

Enj^ineers 

An  .-VJclrcss  lo  ihc  Sccrclartc*  ui   War  jiiJ  Navy. 

Technical  engineers  of  everj'  branch  of  the  profes- 
sion who  are  taking  part  in  the  war  activities  of  the 
army  and  navy  are  alarmed  at  the  unfortunate  waste 
of  technical  training  caused  by  the  drafting  and  en- 
listing of  engineers  for  regular  service,  with  little  or 
no  regard  for  their  technical  attainments.  These 
technically  educated  and  experienced  men  are  essen- 
tial to  the  successful  conduct  of  the  war,  and  cannot 
be  replaced.  There  is  continuing  evidence  that  Amer- 
ica is  repeating  in  some  measure  England's  mistake 
of  sending  technical  men  into  the  ranks,  when  they 
should  be  carefully  conser\'ed  for  special  duties  in 
the  lighting  force.T  or  on  the  technical  staffs  of  the 
army,  the  navy  and  the  essential  war  industries. 

These  facts  have  been  forced  upon  the  attention  of 
engineers  who  have  been  co-operating  with  the  Gov- 
ernment through  the  Naval  Consulting  Board,  the  Na- 
tional Research  Council  and  the  Engineering  Council. 
Upon  these  organizations  requests  have  constantly 
been  made  for  engineers,  chemists  and  other  tech- 
nical men  for  a  great  variety  of  military  ser\'ice3. 
Thousands  of  names  have  thus  been  furnished  to  the 
Government  departments  and  bureaus.  The  Engineer- 
ing Council  especially  has  devoted  attention  to  this 
personal  work  through  its  committee,  known  as  Amer- 
ican Engineering  Senice,  which  has  available  classi- 
fied lists  of  approximately  25,000  engineers,  and,  be- 
sides, unclassified  lists  of  many  more.  It  is  from  these 
lists,  directly  or  indirectly,  that  most  of  the  names 
have  been  selected  for  war  service. 

The  Engineering  Council  was  founded  by  the  Amer- 
ican Society  of  Civil  Engineers,  American  Institute 
of  Mining  Engineers,  American  Society  of  Mechan- 
ical Engineers  and  American  Institute  of  Electrical 
Engineers,  and  other  engineering  societies  are  co- 
operating with  it  in  this  service,  the  total  membership 
represented  by  these  organizations,  being  approxi- 
mately 50,000.  Already  from  10  to  15  per  cent  of  the 
members  of  these  several  organizations  are  in  the 
uniformed  services  of  the  countrj',  and  it  is  safe  to 
say  that  a  large  majority  of  their  remaining  members 
are  in  the  Government  civilian  ser\'ice  or  otherwise 
directly  or  indirectly  engaged  in  the  war.  Engineers 
do  not  seek  to  avoid  fighting,  but  earnestly  desire  to 
be  given  opportunities  for  fighting  and  other  ser%ices 
in  which  they  can  be  most  effective  and  which  cannot 
be  performed  by  others. 

It  is  known  that  through  the  Committee  on  Classifi- 
cation of  Personnel  in  the  War  Ser\ice  Exchange  (of 
the  War  Department),  and  in  some  other  ways,  efforts 
are  being  made  to  counteract  the  tendencies  toward 
the  loss  of  our  technical  men  in  the  ranks  of  the  army 
and  navy.  It  is  believed,  however,  that  these  efforts 
are  insufficient,  and  that  they  should  at  once  be  sup- 
plemented by  other  stringent  measures  dealing  with 
the  subject  in  the  draft  boards  and  recruiting  sta- 
tions. 

In  view  of  the  foregoing,  the  Engineering  Council, 
created  to  provide  means  for  united  action  and  to 
speak  authoritatively  for  its  member  societies  on  all 
publii  questions  of  common  interest  to  engineers,  re- 
specttiilly  offers  the  following: 

W't.rrtnii;  Tochnioally  lr.\inr(l  oiiKlnriTii  arv  IndlKprniuitilo  lo 
lh»  .\rniv.  (hn  N.tvy  anil  the  war  Induntrli-n  In  cnKlnrorlnc 
corpR,  ordnanro  bur»au*  ami  iilirnni  corpa.  In  nvUillun.  cuhmartnc 
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and  tank  service,  in  shipbuilding,  and  in  many  other  assign- 
ments; and. 

Whereas:  Through  draft  and  otherwise  many  of  these  Irre- 
placeable men  have  been  and  are  being  diverted  so  that  their 
.special  Qualifications  are  not  being  utilized:  be  it  therefore 

Resolved.  That  in  the  opinion  of  the  Engineering  Council  tech- 
nically trained  men  of  all  ages  should  be  enrolled  and  conserved 
for  technical  duties,  and  special  efforts  should  be  made  imme- 
diately by  the  War  and  Navy  Departments  to  find  and  record 
such  men  among  drafted  and  enlisted  forces,  and  to  assign  them 
to  places  in  which  their  special  qualifications  are  needed:  and  be 
it  further 

Resolved.  That  the  Engineering  Council  offers  to  assist  the 
War  and  Navy  Departments  in  locating  and  classifying  such  men, 
if  its  assistance  be  desired,  provided  these  departments  will  give 
the  necessary  facilities  for  collection  of  information  about  engi- 
neers now  in  the  Army  and  Navy,  or  whose  names  are  upon  the 
selective    draft    lists. 

These  resolutions  are  offered  solely  in  a  patriotic 
spirit  of  helpfulness.  Alfred  D.  Flinn, 

Secretary,  Engineering  Council. 


Advertising  by  Architects 

The  Publicity  Committee  of  the  Illinois  Chapter  of 
the  American  Institute  of  Architects  has  taken  ac- 
tion on  the  changed  policy  of  the  Institute  concerning 
advertising.  At  the  May  meeting  of  the  Chapter  it  re- 
ported the  following  resolution: 

Whereas,  the  American  Institute  of  Architects,  at 
the  51st  annual  convention  assembled,  revised  the 
canons  of  ethics  by  eliminating  Article  4,  namely,  "It 
is  unprofessional  to  advertise." 

And,  whereas,  the  convention  instructed  the  Board 
of  Directors  to  revise  Articles  12  and  13  of  the  "circu- 

:j36  O'  face  To  Face  of  Sa/hsrwa'/J 


Placing   52-Ton   Pre-Cast   Beams 

on  North  Toronto  Bridges 

of  C.  P.  Ry. 

In  connection  with  improvements  to  its  through 
line  in  North  Toronto,  Ont.,  the  Canadian  Pacific  Ry. 
has  replaced  two  single-track  steel  bridges  with  rein- 
forced concrete  structures  of  somewhat  unusual  de- 
sign. The  work  is  described  in  The  Contract  Record, 
to  which  we  are  indebted  for  the  matter  in  this  arti- 
cle. 

A  steel  addition  to  the  old  steel  bridge  to  widen  it 
out  was  first  thought  of  and  finally  discarded.  The 
plan  of  entirely  new  steel  structures  was  also  dis- 
carded, owing  to  the  high  cost  of  steel.  Several  rein- 
forced concrete  designs  were  considered  and  plans 
for  an  arch  bridge  discarded  when  tests  showed  that 
the  clay  bottom  petered  out  and  became  a  near  quick- 
sand. Reinforced  concrete  bridges  of  quite  unusual 
design  were  eventually  decided  upon.  They  are  of  a 
reinforced  concrete  trestle  type  resting  on  continuous 
footings  under  each  bent.  The  bents  contain  four 
posts  (three  in  the  Belt  Line  bridge)  tied  together 
with  the  outside  posts  battered.  The  trestle  spans  are 
34  ft.  and  the  spans  between  the  trestles  are  36  ft. 

General  Features  of  the  Bridges. — Probably  the 
most  unusual  feature  of  these  bridges  is  the  pre-cast 
I-beams  which  form  the  decks.  In  fact,  the  whole  of 
the  superstructure  carried  on  the  reinforced  concrete 
towers  is  pre-cast  before  being  set  in  place. 
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-  GENERAL  EIEVATION- 
Flg.    1 — Elevation   of   Belt   Line   Bridge   and   of  Typical    Bent. 


lar  of  advice"  relative  to  principles  of  professional 
practice  to  conform  to  the  above  action; 

And,  whereas,  it  is  deemed  advisable  for  the  Chap- 
ters of  the  American  Institute  of  Architects  to  advise 
the  board,  and  the  board  invites  the  co-operation  and 
suggestion  of  the  Chapters; 

Therefore,  be  it  resolved,  by  the  Illinois  Chapter, 
A.  I.  A.,  that  Clause  12  of  the  "circular  of  advice"  be 
revised  to  read  as  follows : 

"The  Institute  relies  upon  its  members  to  keep 
whatever  advertising  they  may  do  within  the  bounds 
of  truth  and  good  taste,  and  of  such  character  as  to 
maintain  the  high  ideals  of  the  Institute." 

And.  be  it  resolved,  that  the  following  two  sen- 
tences be  substituted  for  the  first  sentence  of  Clause 
13:  "Placing  the  architect's  name  on  a  building  dur- 
ing construction  and  the  signature  on  buildings  after 
completion,  in  a  dignified  manner,  is  recommended  by 
the  Institute.  Signs  should  be  limited  to  the  name  of 
the  architect,  the  initials  of  the  Institute,  and  the 
address." 

And,  be  it  further  resolved,  that  a  copy  of  these 
resolutions  be  sent  to  the  Board  of  Directors  of  the 
American  Institute  of  Architects. 


(14) 


Sixty-six  T-beam  units  weighing  approximately  52 
tons  each  will  form  the  deck  slab  of  the  bridge  over 
Reservoir  Ravine.  The  curb  sections,  handrail  posts 
and  sidewalk  slabs  have  all  been  pre-cast  and  all  that 
remains  is  the  settling  of  these  units  to  complete  the 
structure. 

The  contractors  for  the  reinforced  concrete  work 
for  the  bridge  over  Reservoir  Ravine  were  Wells  & 
Gray,  Ltd.,  Toronto.  The  contract  for  the  construc- 
tion of  the  bridge  over  the  Belt  Line  Ravine  was 
carried  cut  by  the  Dominion  Construction  Co.  of  To- 
ronto, who  also  erected  the  temporary  trestle  work  at 
this  point. 

The  bridge  which  is  being  constructed  over  the  Belt 
Line  Ravine  is  a  double  track  structure  composed  of 
five  reinforced  concrete  towers  of  two  bents  each 
supported  on  continuous  footings.  The  superstruc- 
ture consists  of  44  pre-cast  concrete  track  slabs,  90 
sidewalk  slabs  and  96  handrail  posts.  The  concrete 
work  of  the  new  bridge  is  complete  with  the  excep- 
tion of  rubbing  down  the  concrete,  which  will  prob- 
ably be  done  after  the  superstructure  is  placed.  It  is 
stated  that  the  contractors  will  use  a  cup-stone  set 
on  a  spindle  and  driven  direct  by  a  small  electric 
motor  for  the  polishing  of  the  exposed  surfaces. 
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Plant  for  Erection  of  Superstructure. — James  Fin- 
ley,  of  Tweed,  Ont.,  h:is  the  contratt  for  placing  the 
superstructure,  the  units  of  which  were  cast 
some  months  ajto  by  the  Dominion  Construc- 
tion    (n.     .IS     part     <.|'     th.'ir     contract.      His      plant 


The  tackle  used  for  picking  up  the  beam  consists  of 
two  ri-in.  I-beam  sections  fabricated  like  a  bo.x  gir- 
der with  two  pieces  about  14  in.  wide.  A  heavy  clev- 
is is  fastened  to  the  center  of  this  to  engage  the  clev- 
is on  the    crane    block.     Two    roils      1  ■  _•     in.     in     di- 


Flg.  2 — Erecttng  Trestle  and  Travele 


consists  of  two  locomotive  cranes,  a  number  of  hy- 
draulic jacks  and  two  sets  of  quadruple  block  and 
tackle.  The  locomotive  cranes  go  down  the  mainline 
to  the  storage  ground,  which  is  about  half  a  mile  from 
the  bridge,  for  the  deck  slabs.  The  cranes,  one  at 
each  end,  pick  up  the  beam  and  set  it  on  two  railroad 


Fig.    3 — Beam    Supported    by    Crane    .ind    Traveler. 

trucks  placed  about  8  ft.  from  either  end  of  the  slab. 
The  forward  truck  is  fitted  with  a  draw  bar  and  the 
heavy  100-ton  crane  engages  this  and  draws  the  beam 
to  the  bridge  site,  where  it  is  shunted  onto  a  switch 
line  running  to  the  bridge  trestles.  , 


Quadruple   Blockt. 


rriT^tcr  and  threaded  on  each  end  pass  through 
the  tackle  and  through  the  Manges  of  the  beam 
close  to  the  stem  of  the  T-beam  section  and  are  fast- 
ened by  means  of  nuts  to  a  heavy  plate  on  the  under 
side.  The  apparatus  for  carrying  the  beams  over  the 
trestles  is  rather  unique.  It  looks  very  much  like  two 
bridge  trusses  built  of  wood,  with  the  lateral  bracing 
:.nd  upper  cross  timbers  removed.  At  the  forward  end 
the  posts  are  e.xtended  to  rest  on  the  reinforced  caps 
of  the  bridge  bents.  The  other  end  rests  on  a  heavy 
piece  of  timber,  to  which  the  trusses  are  bolted. 

Two  sections  of  rail  are  laid  along  the  top  chord  and 
superimposed  on  these  rails  is  a  traveler.  The  trav- 
eler is  constructed  of  dimension  timber  and  is  fitted 
with  two  trucks  with  double-flanged  wheels.  Two  sets 
of  (luadruple  blocks  are  fastened  to  the  traveler  and 
are  used  to  carry  the  end  of  the  beam.  A  section  of 
timber  is  bolted  to  the  top  of  this  apparatus,  to  which 
the  workmen  snub  the  tackle  rope  when  they  lower 
the  be.'ini  to  its  place. 

Method  of  Placing  Prc-(  asi  |{cani>.  The  sequence 
■>{  operations  in  placing  a  boam  is  as  follows:  Th« 
I  rane  pushes  the  beam,  on  its  trucks,  along  the  spur 
until  the  forward  end  comes  under  the  traveler.  The 
blocks  are  then  fastened  to  the  beam  using  tackle 
similar  to  that  previously  described.  The  crane  then 
picks  up  its  end  clear  of  the  trucks  and,  after  the 
beam  is  blocked  in  this  position,  picks  up  the  rear 
truck  and  places  it  out  of  the  way.  Again  engaging 
the  bi:iin,  the  crane  picks  up  its  end,  raising  it  clear 
of  thi   blocking,  which  is  then  removed,  and  the  beam 
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is  lowered  until  the  end  touches  the  railway  ties.    By  Deslgll  FeatUrCS  of    CoilCrete  Shio 

lowering  the  rear  end,  the  beam  teeters  on  the  for-  tai            jl/^                                    t-x 

ward  truck  and  the  front  end  rises.    The  rope  tackle  is  DeVCloped   by  GOVemmeilt  Dc- 

then   tightened   up   and   snubbed,   and   the   crane,   by  r\<^fi-marti-     r^-f     f^r^n^f^i-a     QUin 

raising  its  end,  transfers  the  weight  off  the  forward  partmeilT     OI     L^OnCrete     Mlip 

truck  onto  the  traveler.     The  forward  truck  is  then  CoilStrUCtion 

run  back  and,  after  the  beam  is  again  blocked  up,  is  -^         .-if.           ^.i.     j     •          i?  ^u                 ..      ^.■ 

J  u     iv,                   rr.u     u          ■              V,  ij  •     4-1,  Essential  facts  on  the  design  of  the  concrete  ship 

removed  by  the  crane.     The  beam  is  now  held  m  the  ,       ,       ji4.it-.         *        ^^/^           i.^,  -,-. 

,           ._,.      „                jv,-                  juAu  developed  bv  the  Department  of  Concrete  Ship  Con- 
air,  as  shown  m  Fig.  2,  one  end  being  carried  by  the  ,        ,.'         4-  .u     tt    o    ol.-      •        r>       j              •          i, 
crane,  the  other  bv  the  tackle  mounted  on  the  truck  ^"""^'^  w         r?"  f-^^hipping  Board  are  given  by 
of  the  traveler.     A  piece  of  6  by  6-in.  timber  is  tem-  f  u    g    g^nat   Document"ma7e    ^^",  i^'P^^^j^""*'  I" 
porarily  placed  between  the  traveler  and  the  crane  „     lu   '  mu          ii      ^^  n       •       ■     i.  ?       \     ^^1^  t^  ' 
tackle  and  a  second  piece  between  the  beam  and  the  "^^^f^^      ^he  matter  following  is  taken  from  the  Doc- 
crane  itself.     The  crane  now  moves  forward,  push-  rn.   '           i         ^        i  i  j  •      ^  ^i.                 •        j- 
ing  the  beam  and  traveler  ahead  of  it  to  the  desired  .  ^^^  ''^ff  '""^'^l^'^l'l'n  f        f  «a^me  ^ize,  dimen- 
position.     The  beam  is  then  lowered  into  place.     The  ^'o^s    and  form  as  the  3,500-ton  standard  wood  ship, 
whole  operation  at  the  bridge  site  takes  about  35  min-  ^-xcept  that  the  sheer  line  amidships  has  been  slightly 

,                                                ^  altered  and  no  outer  keel  is  fitted. 

"  The  operation   of  moving  the  traveler  forward  to  The  general    arrangement    follows    closely   that   of 

the  next  truss  bent  is  easily  performed.     One  of  the  ?"  ^^°7  7iT    !     '^'  ^'^'^^"^'"^  ^^^  "•^"^^^''  ^""^  ^°'^^- 

,.             .,          / ,.       ,.           I-  1.  •             1  tion  of  bulkheads, 

cranes,  operating  on  the  existing  line,  which  is  paral-  m,                ,,•               ..            •,     ■        j   j,       j.,              , 

lei  to  the  bridge,  picks  up  the  rear  end  of  the  traveler  J^l  P^P^Hing  machinery   designed   for  the  wood 

truss;  the  other  crane  picks  up  the  rear  end  of  this  ^^ip  has  been  provided  lor  without  essential  change 

,                J    ,    ,,                 *^            ^           J               .        ,,  in  this  vessel. 

truss   and   both   cranes   move   forward,    carrving   the  m,         •      •      i     i.         i.     ■  i-       j^  ii 

,           i     iu     J     ■     J           i-            Aj?i       li,     u  The  principal  characteristics  follow: 
truss  to  the  desired  position.     After  the  beams  are 

placed  they  will  be  grouted  and  waterproofed,  expan-  Beam  over  sheii. "46  ft. 

sion  joints  being  left  at  the  ends  of  the  beams.    The  g^PjJ^  23"f't'"'fi''fn^'''  ^''^''^'  ^^  "'  ^  '"' 

tracks  will  then  be  laid  in  ballast.  fuh  'fad  displacement.  6,175  tons. 

The  work  is  being  executed  under  the  superv-ision  comparative  ^\t.:ight^concrete,  wood  and  steel 

of  Mr.  J.   M.  R.   Fairbairn,  assistant  chief  engineer  Concrete     Wood         steel 

of  the  C.  P.  R.     The  design  was  prepared  under  the  ^i-^lUs.-ouiAt-ande.uipmeni: :;:.::    M^?          'HI         'i^S 

supervision  of  Mr.  P.  B.  Motley,  Engineer  of  Bridges,  Propelling  machinery  206            206            200 

Can.  Pac.  Ry.  Co.    Mr.  J.  H.  Barber,  with  A.  H.  Mun-  ^^''^sm-.. _jr5         ^0         _60 

son  as  his  assistant,  is  the  engineer  in  charge  of  the  Hesfr\^e  feed''*^'    ^'^11         ^'^so          '^'^so 

work.                                                                                •  Ordnance     23                  23                  23 

Fuel     300  300  300 

Stores    40                  40                  40 

Two  Government  Housing  Divisions  to  Work  in  Full  ^argo    £760         ^oso         3,057 

Accord. — A.    Merritt    Taylor,    director    of    passenger  Total  dead-weight   3,203          3,123          3,500 

transportation  and  housing.  Emergency  Fleet  Corpora-  Percent^'^ge'^  deLlf-Telght' '^^^                  ''■"^          ^■^°"          ^■^°'' 

tion,  and  0.  M.  Eidlitz,  director  of  housing  and  trans-  displacement    52             53             ss.e 

portation  of  the  Department  of  Labor,  have  adopted  Values  of  Metacentric  Height,  Stability,  Period 

policies  whereunder  their  respective  activities  will  be  °^  Roil. 

carried  on  in  complete  cooperation  and  accord  to  the  Metacentric  Height. — The  metacentric    heights    in 

end  that  duplication  of  effort  will  be  avoided  and  max-  the  light    (ship  without  cargo)    and  full   load  condi- 

imum  results  will  thereby  be  obtained  for  the  Govern-  tions  are,  respectively,  2.15  ft.  and  2.2  ft.     The  best 

ment  at  a  minimum  cost  with  maximum  efficiency.  The  practice  at  the  present  time  places  these  values  be- 

two  divisions  will  at  all  times  be  fully  informed  with  tween  the  limits  of  1  and  3  ft.  for  vessels  of  this  type 

relation  to  their  respective  projects;  procedures,  and  and  size.     It  will  accordingly  be  noted  that  in  this 

all  matters  relating  thereto;  and  all  other  information  respect  the  vessel  in  question  appears  to  be  entirely 

of  the  one  department  will  be  available  for  the  use  of  satisfactory, 

the  other  at  all  times.                                                   .  Range  of  Stability,  Righting  Arm,  etc. — The  maxi- 

mum  righting  arm  occurs  at  51.5°  and  46.5°  for  the 

Three-Year  Course  in  Engineering  at  Lehigh  Uni-  vessel  light  and  fully  loaded,  respectively,  the  extreme 

versity. — As  a  war  measure  Lehigh  University  has  re-  ranges  being  89°  and  81.5°,  respectively, 

cast  its  four-year  courses  so  that,  by  the  elimination  Freeboard. — The  freeboard  amidships  at  side  is  4 

of  a   part   of  the   usual   vacations   and   by   intensive  ft.  9  in.     It  is  understood  this  is  satisfactory  to  the 

work,  students  are  now  enabled  to  gain  the  Univer-  representatives  of  Lloyd's  Register  of  Shipping, 

sity's  degrees  in  engineering  and  in  arts  and  science  Period  of  Roll. — An  attempt  to  investigate  this  the- 

in   three   years.     The   revised    schedules   provide   for  oretically   is   a   laborious   operation   and   of   doubtful 

three  terms  of  fourteen  weeks  each  year  with  shop  value.     It  is  seldom  attempted  in  the  design  of  steel 

and  other  practical  instruction  for  engineering  stu-  vessels.     It  is  considered  safe  to  say,  however,  that 

dents  in  summer  classes.     By  this  arrangement  stu-  the   concentration   of  relatively  great   weight   in   the 

dents  having  the  same  amount  of  training  as  has  reg-  decks  and  shell,  as  is  the  case  in  the  concrete  vessel, 

ularly  been  given  at  Lehigh,  and  with  military  science  fhould  aid  materially  in  increasing  the  period  of  roll 

and  drill  in  addition,  will  be  graduated  a  year  earlier,  anticipated. 

Girder  Strength  or  Strength  of  Vessel  as  a  Whole. 

First  Electrically  Welded  Ship  Launched. — A  Brit-  The  strength  of  the  ship  as  a  girder  supported  on 

ish  yard   is   stated  to   have   launched   an   electrically  ■   the  crest  of  a  wave  amidships  hogging  and  also  on 

welded  ship — the  first  of  its  kind.    It  is  reported  that  the  crests  of  two  waves,  one  at  each  end,  sagging,  was 

work  on  a  vessel    of    the    same  type  will  be  started  calculated  for  five  conditions. 

soon  at  Newark,  N.  J.  The  same  basic  assumption  as  to  length,  depth,  and 
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form  of  wave  and  the  same  method  of  procedure  that 
is  standard  practice  in  calculating  the  strength  of 
steel  ships  was  followed  throuRhout. 
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'Keel.     "Deck. 

Good  practice  in  steel  merchant  ships  for  a  boat 
of  this  type  gives  a  maximum  stress  in  the  outer  fiber 
of  from  5  to  8  tons  per  square  inch,  figured  on  the 
same  basis  as  given  above  for  the  concrete  ship.  In 
addition  to  the  stress  due  to  the  ship  acting  as  a  gir- 
der, there  is  local  stress  between  frames  where  the 
plating  must  act  as  a  beam  over  that  space.  This  ac- 
tion is  seldom  taken  account  of  in  steel  ships,  but  has 
been  given  full  consideration  in  the  design  of  the 
268-ft.  concrete  ship. 

Local   S(reni;th.   or  Strength   of   Individual   Members 
Compressinjr  N'esscl  Structure. 

Transverse  Strength. — Only  in  the  case  of  naval 
vessels  is  it  the  practice  to  go  into  the  transverse 
strength  with  any  degree  of  accuracy.  Either  the 
sizes  of  frames  are  taken  from  the  books  of  the  clas- 
sification societies,  or  the  frames  are  figured  as  beams 
supported  or  fixed  at  keel,  bilge,  or  deck,  as  the  case 
may  be.  The  complete  ring  in  the  concrete  boat  is 
figured  with  numerous  cases  of  loading  and  keeling 
for  every  frame. 

The  strength  of  the  transverse  frames  for  the  ves- 
sel was  investigated  for  a  large  number  of  conditions 
of  loading  and  for  various  immersions  of  the  vessel. 
The  transverse  frames  are  designed  to  stand  the  out- 
side water  pressure  with  water  to  the  gunwales  and 
with  minimum  cargo  load,  for  maximum  cargo  load 
and  a  sagging  draft  of  15  ft.  6  in.,  and  for  listed  po- 
sitions with  loading  slight  and  heavy;  all  of  these  con- 
ditions of  loading  to  be  met  by  the  frames  with 
stresses  not  to  exceed  1,500  lb.  per  square  inch  in  the 
steel.  The  results  of  the  analysis  agree  with  those 
of  Dr.  Bruhn,  published  in  Transactions  of  the  Insti- 
tute of  Naval  Architects,  1901  and  1904.  It  is  impor- 
tant to  note  from  Dr.  Bruhn's  analysis  it  is  clear  that 
the  design  of  the  concrete  frame  is  so  made  that  the 
frame  is  working  at  the  above-noted  safe  stresses 
under  loadings  that  would  develop  double  the  steel 
stress  in  a  standard  steel  frame  of  similar  dimensions. 
In  steel  ships  this  local  action  between  frames  would 
increase  the  stress  in  the  bottom  plating  of  the  ship 
acting  as  a  girder  from  5  to  10  tons,  and  in 'many 
cases  to  a  much  higher  figure. 

In  this  concrete-ship  design  the  tensile  stress  in  the 
reinforcement,  due  to  the  local  bending,  amounts  to 
about  3  tons  per  square  feet,  bringing  the  total  up  to 
slightly  less  than  8  tons. 

Bulkheads.— The  bulkheads  have  been  designed  to 
carry  a  head  of  water  on  either  side  up  to  the  deck. 
The  collision  bulkheads,  fore  and  aft,  were  designed 
for  1,500  lb.  per  square  inch  in  the  concrete,  and  16,- 
000  lb.  per  square  inch  in  the  steel.  The  steel  stress 
in  the  engine-room  bulkheads  was  advanced  to  20,- 
000  lb.  per  square  inch. 

In  the  design  of  bulkhead.^  for  steel  ships  it  is  com- 
mon practice  to  allow  a  unit  stress  in  the  steel  of 
22,000  to  23,000  lb.  per  square  inch. 
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Industrial  Research 

One  of  the  luading  features  of  the  hml  annual  meet- 
ing of  the  American  Society  for  Testing  Materials 
was  the  topical  discussion  on  Cooperation  in  Indus- 
trial Research.  This  discussion  was  formally  intro- 
duced by  Dr.  Henry  M.  Howe,  Dr.  John  Johnston,  Dr. 
Arthur  I).  Little,  Dr.  Charles  L.  Reese  and  Mr.  Frank 
E.  Gorrell,  all  of  whom  pre.'^entc-d  papers  on  various 
phases  of  the  subject.  Abstracts  of  the  papers  of  Drs. 
Howe  and  Little  follow: 

The  Four  Phases  of  Research 

By  HKNKY  .M.  llOWK. 

''li.iiriiii.li    KriKirii«riin;    iMvlHlon.    National    lUmarch    Council. 

Four  Distinct  Parts  to  Every  Research. — Every  re- 
search consists  of  four  tolerably  distinct  parts:  selec- 
tion, planning,  execution,  and  interpretation. 

First  out  of  the  immeasurable  area  of  our  igno- 
rance we  select  a  certain  limited  field  the  explora- 
tion of  which  promises  the  greatest  profit.  The  prob- 
lem to  be  solved  should  be  enunciated  with  perfect 
sharpness.  The  selection  of  this  field  demands  to- 
day first  a  knowledge  of  the  problems  which  are  press- 
ing on  our  military  and  other  departments,  and  sec- 
ond, ver>-  sound  judgment.  In  other  times  the  pressing 
needs  of  the  industry  dictate  the  selection. 

Next  the  research  should  be  so  planned  that  its  re- 
sults will  have  the  greatest  promise  of  yielding  a  clear 
and  decisive  solution  of  the  problem,  a  sharp  answer 
to  a  sharp  question.  This  requires  complete  famil- 
iarity with  the  subject,  and  especially  with  existing 
knowledge  and  with  the  tests  applicable.  For  in- 
stance, if  we  study  the  influence  of  a  process  on  the 
mechanical  properties  of  a  metal  or  other  product,  we 
should  either  provide  for  tests  which  will  measure 
directly  the  properties  needed  in  the  service  in  vi^w, 
or  if  as  usual  we  cannot  reproduce  in  our  tests  the 
most  trying  conditions  of  service,  then  we  should  pro- 
vide plural  kinds  of  tests,  increasing  the  number  of 
kinds  in  proportion  to  the  indirectness  of  their  evi- 
dence as  to  fitness  for  service.  Even,"  kind  of  test 
which  throws  light  on  service  fitness  should  be  used. 
The  consideration  that  new  and  unforeseen  services 
are  constantly  developing  argues  for  widening  the 
range  of  tests  for  any  given  product. 

Third,  the  process  itself  and  these  several  tests 
should  be  made  by  those  thoroughly  familiar  with 
them,  each  detail  going  to  an  expert. 

Fourth,  the  results  should  be  interpreted  in  a  strict- 
ly philosophical  spirit,  without  bias  or  reference  to 
preconceived  hypothesis.  This  work  of  interpretation 
."^hould  indeed  be  open  to  all  connected  with  the  re- 
search. Yet  because  what  is  everyone's  duty  is  no 
one's,  certain  men  should  be  charged  directly  with 
this  vital  task,  knowing  well  that  their  inferences  are 
subject  to  review  by  all  their  colleagues  and  will  be 
accepted  only  as  they  are  just  and  reasonable. 

Each  of  these  four  phases  of  research  needs  special 
(|ualifications:  For  selection,  prophecy  and  breadth 
of  view;  for  planning,  imagination  and  administra- 
tion; for  execution,  skill  and  trustworthiness;  for  in- 
terpretation, philosophy. 

Need  of  Cooperation  in  Research. — This  mere  reci- 
tation of  the  needs  of  research  is  a  demonstration  of 
the  need  of  cooperiition.  for  it  is  only  a  few  of  the 
laboratories  of  the  very  great  industries  that  have 
eithtT  the  various  kinds  of  men  with  these  various 
gifts,  or  the  means  to  experiment  on  so  wide  a  scale. 
Scattered  through  the  many  institutions  cf  learning 
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and  the  laboratories  of  the  smaller  industrial  works 
there  are  innumerable  investigators,  each  with  cer- 
tain intellectual  gifts,  each  skilled  in  certain  kinds  of 
tests,  but  few  with  broad  knowledge  of  the  needs  of 
the  Government  or  of  any  given  industry  to  guide 
them  in  their  selection;  relatively  few  with  the 
breadth  of  view  needed  for  wise  planning;  very  few 
if  indeed  any  with  skill  in  all  the  different  kinds  of 
tests  needed;  and  relatively  few  endowed  with  the 
philosophical  spirit  needed  for  intepretation.  Yet 
these  men  collectively  have  enormous  potencies  for 
research,  if  their  several  gifts  and  skills  can  be 
brought  into  broad  cooperation.  How  often  do  we  see 
results  reached  with  extraordinary  patience  and  ac- 
curacy not  utilized  but  prostituted  to  support  a  pre- 
conceived hypothesis  which,  rightly  viewed,  they  dis- 
credit? 

It  is  our  defect  as  a  race  that  this  sort  of  team 
play  comes  less  naturally  to  us  than  isolated  individu- 
alistic research,  in  which  each  man  obeys  his  own  im- 
pulses, and  is  a  law  unto  himself.  But  as  with  men 
so  with  nations,  development  implies  first  of  all  the 
cure  of  our  inborn  defects.  That  the  unmitigatedness 
of  our  individualism  is  a  defect  we  are  reminded 
sharply  by  the  present  grave  threat  of  our  national 
enslavement  by  a  people  far  less  intelligent,  energetic, 
and  self-controlled  than  we,  but  as  coherent  as  we  are 
incoherent,  as  given  to  team  play,  as  desirous  of  sup- 
port, as  we  are  self-reliant  and  detached.  Distasteful 
as  it  is  to  us  to  act  on  our  motto  of  "United  we  stand, 
divided  we  fall,"  if  we  are  to  survive  our  strong  units 
must  learn  to  cohere. 

Experience  with  cooperative  research  has  proved 
abundantly  that,  wisely  directed,  it  may  stimulate  in- 
stead of  lessen  individual  initiative,  which  is  of  the 
first  importance. 

One  of  the  aims  of  the  National  Research  Council 
is  \o  induce  the  cooperative  spirit  wherever  possible 
in  industrial  research,  and  research  for  the  immedi- 
ate benefit  of  the  Government.  The  Engineering  Di- 
vision of  the  Council  expects  to  devote  part  of  its  en- 
ergies to  this  work,  and  here  it  counts  confidently  on 
the  support  of  this  society.  It  asks  you  as  individ- 
uals and  as  a  body  to  aid  it  by  pointing  out  fields  in 
which  cooperative  research  is  urgently  needed,  by  ad- 
vice in  planning  our  researches,  by  the  aid  of  your  in- 
dustrial and  collegiate  laboratories  in  executing  the 
tests,  and  by  your  wisdom  in  discussing  the  results. 
It  hopes  that  you  will  cooperate  with  it  and  it  with 
you. 

Organization   of  Industrial  Research 

By  ARTHUR  D.  LITTLE, 

President.   Arthur  P.   Little,   Ine. 

New  Aspect  of  Research  Due  to  War. — The  war, 
which  has  changed  everything,  has  given  a  new  aspect 
to  research.  Hereafter  the  nation  which  would  live 
must  know.  Through  the  wreck  and  peril  of  other 
peoples,  Americans  have  learned  with  them  that  re- 
search has  something  more  to  offer  than  intellectual 
satisfactions  or  material  prosperity.  It  has  become  a 
destructive  as  well  as  a  creative  agency  and  in  its 
sinister  phase  the  only  weapon  with  which  it  may  be 
fought  is  more  research.  The  organization  and  in- 
tensive prosecution  of  research  has  thus  become  a 
fundamental  and  patriotic  duty  which  can  neither  be 
ignored  nor  set  aside  without  imperiling  our  national 
existence. 

Research  Individualistic  and  Democratic. — In  con- 
sidering any  plan  for  the   organization   of  research. 


one  is  immediately  confronted  by  the  difficulty  that 
science  in  its  highest  expression  is  essentially  individ- 
ualistic and  democratic.  It  resents  autocratic  con- 
trol, languishes  and  becomes  sterile  under  minute 
oversight  and  direction  from  outside.  The  great  ad- 
vances in  human  knowledge  have  almost  invariably 
been  due  to  individual  effort  set  in  motion  by  the  sci- 
entific imagination  and  sustained  by  a  consuming  de- 
sire to  ascertain  the  truth.  Pasteur,  Curie  and  Ruth- 
erford were  not  dependent  on  organization  for  their 
results.  They  worked  to  the  best  advantage  in  pro- 
portion as  they  were  free  to  follow  the  I'lsion  which 
moved  before  them.  No  amount  of  organization  can 
make  a  Faraday.  It  may,  perhaps,  discover  one  and  is 
then  privileged  to  provide  encouragement,  working 
facilities,  and  recoenition.  With  these  assured  it  is 
the  part  of  wisdom  to  leave  him  as  much  alone  as  pos- 
sible. 

Any  really  effective  plan  of  research  organization 
must  provide  for  the  exceptional  man,  the  man  whose 
angles  have  not  been  ground  down,  who  is  sometimes 
not  comfortable  to  rub  against,  but  who  has  the  spark 
of  genius.  He  is  usually  a  man  who  hates  rules  and 
systems,  regular  hours,  time  slips  and  all  the  para- 
phernalia of  organization.  Organization  can  help  him 
none  the  less  by  relieving  him  of  burdens,  making  him 
master  of  his  own  time,  furnishing  equipment,  provid- 
ing organized  and  immediately  available  library  fa- 
cilities and  by  directing  his  attention  to  specific  prob- 
lems. 

While  the  superlative  work  in  science,  like  the 
superlative  work  in  art,  must  always  be  an  expression 
of  the  genius  of  the  individual  and  quite  beyond  the 
power  of  organization  to  ensure,  there  remains  a  vast 
deal  of  what  may  be  called  the  secondary  work  of 
rounding  out  the  great  discoveries  and  especially  of 
giving  them  an  industrial  application  which  may  be 
rendered  most  effective  only  through  proper  organiza- 
tion. The  nimbus  which,  just  at  this  time,  surrounds 
the  word  "research"  should  not  blind  us  to  the  fact 
that  research  involves  a  great  deal  of  hack  work,  work 
for  good  honest  plodders  who  accumulate  the  data 
which  permits  or  confirms  the  generalization  or  which 
is  required  to  give  it  practical  effect. 

The  Aims  of  Research  Organization. — Broadly 
stated,  the  aims  of  research  organization  should  be: 

1.  To  find,  develop  and  train  men. 

2.  To  create  such  a  background  in  the  public  mind 
as  shall  ensure  support  for  research  and  the  indus- 
trial utilization  of  research  results. 

3.  To  secure  cooperation  between  different 
branches  of  science,  as  for  example  between  chemists 
and  mathematicians.  (The  fortuitous  combination  of 
the  mathematical  mind  with  the  viewpoint  of  the 
chemist  in  Willard  Gibbs  laid  the  basis  for  physical 
chemistry.  But  such  a  combination  in  a  single  indi- 
vidual is  rare.) 

4.  To  avoid  the  repetition  and  duplication  of  ef- 
fort, first  by  rendering  present  knowledge  readily 
available  to  research  workers,  second  by  applying 
clearing  house  methods  to  research  projects. 

5.  To  stimulate  research  by  emphasizing  the  im- 
portance of  specific  problems,  making  special  grants, 
rendering  material  and  facilities  as  generally  avail- 
able as  possible. 

6.  To  furnish  a  sort  of  general  staff  for  research 
which  shall  work  out  the  plan  of  attack  for  major 
problems,  assign  the  several  lines  to  competent  work- 
ers and  coordinate  and  focus  the  whole. 

7.  To  bring  home  to  manufacturers  the  advantages 
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of  research  with  the  view  of  promoting  the  establinh- 
ment  of  private,  corporation,  and  group  laboratories. 

8.  To  make  and  publi.sh  a  census  of  available  re- 
search facilities  in  men  and  eiiuipment. 

9.  To  survey  the  natural  resources  of  the  nation 
i'.nd  direct  research  toward  their  development. 

10.  To  appraise  our  great  industrial  wastes  and 
develop  plans  and  methods  for  turning  them  to  profit- 
able use. 

Committee  Organizations  and  Research. — There  is 
a  nearly  univcr.-!al  tiTulency  to  attempt  the  accom- 
plishment of  these  results  through  the  agency  of  coun- 
cils and  other  forms  of  committee  organizations,  the 
members  of  which  are  almost  without  e.sception  un- 
paid and  involved  in  other  activities  which  have  urior 
ilaims  upon  their  time.  While  such  systems  of  organ- 
ization may  be  temporarily  efficient  and  even  the  only 
ones  immediately  available  in  times  of  sudden  crisis, 
they  do  not  lend  themselves  effectively  to  the  slow, 
constructive  work  of  years  without  which  it  is  im- 
possible to  establish  research  in  its  proper  place  in 
the  industrial  and  other  activities  of  a  nation. 

Research  and  Technical  Schools. — Any  permanent 
research  structure  of  national  dimensions  must  of 
course  have  its  foundations  in  the  universities  and 
technical  schools.  Unfortunately  in  this  time  of  great- 
est need  these  institutions  are  seriously  handicapped 
by  the  very  generosity  of  their  response  to  the  de- 
mands already  made  upon  them.  In  the  scientific  de- 
partments the  instructing  staff  has  been  heavily 
drawn  upon  for  special  service  and  those  who  remain 
are  carrj-ing  a  greatly  increased  burden.  Students 
are  distracted  by  war  interests  and  are  constantly 
being  diverted   into  military  activities. 

While  recognizing  the  exigencies  of  the  period  and 
applauding  the  splendid  response  of  American  insti- 
tutions of  learning,  it  may  not  be  ungracious  or  pre- 
mature to  indicate  some  of  the  directions  in  which 
these  institutions  must  ultimately  move  if  they  are 
finally  to  meet  the  augmenting  demands  for  research 
and  for  graduates  fitted  to  cope  with  industrial  re- 
search  problems. 

It  is  beginning  to  be  recognized  that  there  is  no 
valid  distinction  between  scientific  research  and  in- 
dustrial research.  Both  employ  the  same  methods  and 
the  same  equipment.  The  demands  of  either  may  in- 
volve and  ta.x  the  highest  intellectual  faculties,  and 
industrial  research  freciuently  necessitates  that  nicety 
of  refinement  and  sublety  of  attack  which  character- 
izes the  highest  scientific  effort.  There  remains  only 
the  shifting  and  uncertain  line  of  demarkation  which 
may  indeed  be  found  in  motive.  In  the  selection  of 
thesis  subjects  and  minor  research  problems  greater 
prominence  may  therefore  well  be  given  to  those  hav- 
ing a  direct  industrial  application. 

Industry  must,  however,  continue  to  look  to  the 
higher  institutions  of  learning  for  the  determination 
of  fundamental  facts  and  constants,  the  development 
of  theory  and  the  establishment  of  general  princi- 
ples. Any  ade(|uate  response  to  this  demand  requires 
that  professors  and  assistants  should  have  far  more 
time  available  for  research  than  is  now  at  their  dis- 
posal. They  must  have  some  substantial  measure  of 
relief  from  routine  and  administrative  detail.  They 
.''hould  and  undoubtedly  will  have  more  direct  contact 
with  the  industries.  As  a  consequence  more  and  more 
of  them  will  undoubtedly  be  drawn  into  industrial 
positions.  This  will  mean  no  ultimate  disaster  to  the 
cause  of  scientific  education  provided  university  au- 
thoritiies   recognize  the   patent    fact   that  the  dav  has 
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come  when  much  larger  salaries  must  be  paid  and 
greater  distinction  accrue  to  capable  men  of  science 
who  are  to  continue  as  professors.  With  improvement 
of  status  the  exceptional  men  will  demand  greater 
freedom  of  decision  and  action.  They  will  Lt-  less 
bound  by  academic  system  and  let  us  hope  that  aa 
their  capacity  for  research  is  demonstrated  they  will 
resist  the  influences  which  would  tend  to  make  them 
mere  administrators. 

Science  and  National  Development. — The  expand- 
ing recognition  of  the  part  which  applied  science  is 
destined  to  play  in  our  national  developm'?nt  would 
seem  to  ensure  an  adequate  supply  of  scientific  stu- 
dents and  especially  of  candidates  for  degrees  in 
chemistry  and  chemical  engineering.  Let  us  see  to  it 
at  the  start  that  they  are  provided  with  a  broader 
culture  than  has  heretofore  obtained  in  many  places, 
lest  they  be  incapable  as  scholars  of  meeting  their 
great  responsibilities.  Concurrently  we  must  provide 
means  for  correcting  the  recognized  deficiencies  in 
their  professional  training  which  have  been  pointed 
out  times  without  number  in  the  hundreds  of  papers 
on  the  education  of  the  chemist  and  chemical  engi- 
neer which  have  been  published  during  the  last  few 
years.  Bacon,  for  example,  reports  that  70  per  cent 
of  the  directors  of  important  industrial  laboratories 
express  dissatisfaction  with  the  type  of  instruction 
which  their  assistants  have  received.  They  find  the 
graduates  coming  to  them  ignorant  of  chemical  liter- 
ature and  how  to  use  it,  lacking  initiative,  pel-spective 
and  sense  of  proportion,  failing  in  optimism,  without 
knowledge  of  the  simplest  industrial  equipment.  Some 
of  these  deficiencies  are  obviously  due  to  the  drying 
up  of  inspiration  at  its  source;  to  the  displacement 
of  the  quickening  influence  of  master  minds  by  the 
cut  and  dried  methods  of  pedagogy.  Others,  more 
easy  of  correction,  result  from  inadequacies  of  the 
curriculum  itself.  It  was  with  the  hope  of  remedying 
some  of  the  more  glaring  of  these  that  I  made  the 
proposals  which  led  up  to  the  foundation  of  the  School 
of  Chemical  Engineering  Practice  of  the  Massachu- 
setts Institute  of  Technology.  Recognizing  that  each 
process  of  industrial  chemistry  may  be  regarded  as 
nothing  more  than  a  coordinated  series  of  unit  opera- 
tions like  grinding,  roasting,  leaching,  evaporating, 
crystallizing  and  so  on,  and  that  knowledge  of  these 
unit  operations  postulates  the  ability  to  combine  them 
as  required,  the  school  established  a  number  of  sta- 
tions at  large  industrial  plants  selected  for  the  va- 
riety of  unit  operations  carried  out  within  them. 
Groups  of  third-year  students  passed  in  turn  thmugh 
each  of  the  stations,  studying  practice  and  illustrat- 
ing theory  in  the  plants  themselves.  The  reaction  of 
the  course  upon  the  students  went  beyond  all  expec- 
tations and  it  is  one  of  the  minor  disasters  of  the  war 
that  the  school  was  obliged  to  suspend  by  the  requisi- 
tion of  its  teachers  and  the  diversion  of  its  students 
into  war  activities. 

Must  Organize  Research  with  .Means  and  .Men  at 
Hand.  We  must,  however,  organize  our  research  with 
the  means  and  men  at  hand  and  look  hopefully  to  the 
future  for  accessions  of  human  material  of  higher 
average  training  and  far  broader  scholarship. 

Since  the  frontier  of  knowledge  is  the  starting 
point  of  research  the  energy  of  the  explorer  must  be 
conserved  on  his  way  to  the  frontier.  In  no  way, 
therefore,  can  organized  cot)peration  render  more  ef- 
fective service  to  research  than  by  making  readily 
accessible  those  vast  stores  of  specialized  knowledge 
which  research  has  already 'accumulated  but  which 
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still  require  to  be  brought  into  that  systematized  and 
orderly  arrangement  which  characterizes  science.  The 
research  laboratory  should  be  built  around  a  library. 
These  special  libraries  should  be  linked  together  and 
closely  affiliated  with  the  great  libraries  of  the  world. 
Such  admirable  journals  as  Chemical  Abstracts  should 
be  substantially  endowed,  the  publication  of  mono- 
graphs encouraged  and  assisted,  while  systematic  re- 
views and  reports  of  progress  covering  limited  special 
fields  in  science  and  technology  should  appear  far 
more  frequently.  The  intensive  collection  of  scien- 
tific and  technical  information  throughout  the  world, 
its  codification  and  its  distribution,  might  well  be 
made  a  governmental  function  to  an  extent  not  now 
approached. 

Principles  of  General  Application  in  Industrial  Re- 
search Laboratories. — Experience  has  shown  that  in 
the  organization  and  conduct  of  industrial  research 
laboratories  certain  well-established  principles  are  of 
general  application. 

It  is  desirable  that  the  laboratory  be  separately 
housed  and  that  an  institutional  atmosphere  be  devel- 
oped and  maintained.  It  should  be  recognized  that 
research  is  necessarily  expensive  and  that  results  are 
rot  forthcoming  over  night.  The  ovulation  of  ideas 
takes  time  and  their  material  embodiment  proceeds 
slowly  and  seldom  can  be  hastened  without  danger. 
Adequate  equipment,  which  is  often  costly,  is  essen- 
tial for  good  work  and  a  liberal  policy  must  be  fol- 
lowed where  requisitions  are  concerned.  It  is  well  to 
have  the  laboratory  expenditure  arranged  on  the  ap- 
propriation system  and  to  allow  the  director  a  free 
hand  within  the  appropriation.  If  the  laboratory  is 
a  part  of  an  industrial  organization  it  should  main- 
tain close  contact  through  conferences  and  reports 
with  all  departments  of  the  organization;  but  no  de- 
partment should  be  allowed  to  dominate  the  labora- 
tory, and  its  director  should  be  responsible  only  to 
the  executive  of  the  corporation.  Since  no  organiza- 
tion can  include  every  department  of  human  knowl- 
edge the  director  should  be  encouraged  to  make  fre- 
quent use  of  the  advice  and  services  of  outside 
specialists. 

It  is  well  in  case  of  major  problems  to  start  some- 
where as  well  as  may  be,  even  though  the  starting 
ground  be  not  wholly  to  one's  liking.  It  is  easily  pos- 
sible to  spend  too  much  time  in  preliminary  searches 
of  the  literature,  and  better  to  avail  of  early  enthusi- 
asms in  some  initial  work  at  least  while  carrying  on 
concurrently  the  tedious  task  of  reviewing  and  ab- 
stracting literature. 

Nothing  is  more  expensive  or  demoralizing  than 
experimentation  in  the  plant.  An  industrial  research 
laboratory  should,  therefore,  be  adequately  provided 
with  equipment  of  semi-commercial  size.  Infant  mor- 
tality among  processes  is  high  in  any  case  and  the 
most  critical  period  in  their  young  lives  is  that  cov- 
ering the  transition  from  the  laboratory  to  the  plant. 
They  require  and  the  research  laboratory  should  pro- 
vide a  nursery  to  protect  and  foster  them  during  this 
period  of  their  development.  Some  large  manufac- 
turers have  even  found  it  desirable  to  operate  in  con- 
nection with  and  under  the  sole  direction  of  their  re- 
search laboratory  a  small  plant  in  which  actual  com- 
mercial manufacture  is  regularly  conducted.  Such 
extension  of  the  laboratory's  function  permits  the 
complete  reduction  to  practice  of  new  methods  and 
the  commercial  demonstration  of  the  sufficiency  of 
the  product  before  the  innovations  are  introduced 
into  the  main  plant. 

Even  when  no  such  provision  appears  feasible  it  is. 


nevertheless,  highly  desirable  to  have  the  industrial 
research  laboratory  actually  engaged  in  some  small 
scale,  highly  specialized,  commercial  manufacture, 
preferably  of  some  product  which  it  has  itself  orig- 
inated. The  least  advantage  of  this  procedure  is  that 
such  manufacture  of  a  properly  selected  product  may 
frequently  defray  a  substantial  proportion  of  the  ex- 
penses of  the  laboratory.  The  major  benefits  are  the 
acquirement  of  a  certain  commercial  sense  by  the 
laboratory  staff,  an  appreciation  of  the  conditions 
and  difficulties  of  actual  production,  and  finally  the 
strengthening  of  the  position  of  the  laboratory 
through  the  increase  in  its  turn-over  and  equipment. 
Such  procedure,  while  perhaps  not  general,  has  been 
followed  to  great  advantage  by  the  research  labora- 
tories of  the  General  Electric  Co.,  the  Eastman  Kodak 
Co.  and  Arthur  D.  Little,  Inc. 

Personal  Factor  Determines  Performance  in  Re- 
search.— As  regards  any  research  laboratory,  it  goes 
without  saying  that  it  is  the  personal  factor  which 
determines  performance  and  this  is  preeminently  true 
of  the  laboratory  director.  Sir  Humphrey  Davy  truly 
said  that  his  greatest  discovery  was  Michael  Faraday, 
and  no  greater  problem  is  likely  to  confront  a  re- 
search laboratory  than  that  involved  in  the  discovery 
of  a  director.  Successful  laboratory  directors  may  be 
of  several  types,  but  a  militant  optimism,  contagious 
enthusiasm,  controlled  imagination  and  quick  human 
sympathy  are  common  to  them  alL  Such  a  man  will 
naturally  in  selecting  his  subordinates  look  for  these 
personal  qualities  almost  as  carefully  as  he  will  weigh 
specialized  scientific  training,  and  having  been  thus 
guided  in  his  selections  will  find  it  relatively  easy  to 
inspire  throughout  his  organization  those  relations  of 
good  fellowship  and  that  esprit  de  corps  which  multi- 
ply enormously  the  effectiveness  of  any  working  force. 

Exceptional  men  are  hard  to  find  simply  because 
they  are  exceptional,  and  the  director  in  laying  out 
the  work  of  the  laboratory  and  extending  its  person- 
nel will  endeavor  to  augment  the  output  of  the  excep- 
tional man  through  the  coordinated  effort  of  properly 
directed  men  of  secondary  capacity. 

Fairness  in  apportioning  credit,  frequent  confer- 
ences, and  opportunity  for  self-development  are  es- 
sential to  the  attainment  of  high  efficiency. 

Among  laboratories  thus  constituted  and  directed, 
cooperation  should  not  be  difficult  and  is,  in  fact,  al- 
ready frequent.  The  real  need  of  the  situation  is  co- 
operation among  manufacturers  for  the  support  of 
research.  The  long  first  steps  in  this  direction  have 
already  been  taken  in  Great  Britain  by  the  Advisory 
Council  for  Scientific  and  Industrial  Research.  In 
our  own  country  the  National  Canners'  Association 
has  been  signally  successful  in  applying  to  research 
the  principle  of  cooperation.  We  shall  tonight,  most 
fortunately,  be  authoritatively  informed  regarding 
each  of  these  developments.  Stimulating  and  encour- 
aging as  they  are,  we  must,  nevertheless,  regard  them 
only  as  surface  indications  of  the  great  wealth  of  op- 
portunity which  lies  below.  There  is  hardly  a  trade 
association  in  the  United  States  which  might  not  to 
the  great  advantage  and  profit  of  its  members  ad- 
dress itself  to  the  solution  of  common  problems  by 
similar  means. 


Chinese  Yards  to  Build  Ships  for  United  States. — 

Chairman  Hurley  of  the  Shipping  Board  has  awarded 
a  contract  for  the  construction  of  120,000  tons  of 
steel  ships  in  the  Chinese  Government  yards  at 
Shanghai. 
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The  Engineer  and  the  War* 

ily  M.  !■;.  COOLKV. 
Dean  oi  the  Ctillcgc  oi  Kngiiiccring,  University  ot  Michigan. 

When  the  great  European  war  started,  in  1914, 
among  the  very  first  to  volunteer  their  services  were 
the  college-trained  men  of  England  and  France.  This 
was  but  natural,  as,  because  of  their  training,  they 
could  quicker  grasp  the  war's  signiticance.  As  Eng- 
land's great  and  immediate  need  was  an  army,  and  as 
college  men  could  more  speedily  absorb  the  necessary 
training,  they  were  accepted,  and  large  numbers  of 
them,  among  the  first  hundred  thousand,  went  forth 
to  their  first  duty,  the  protection  of  their  homes,  and 
found  their  Hall  of  Fame  on  the  battlefields  of  France 
and  Belgium. 

As  England  roused  herself  to  the  war  and  realized 
that  her  only  course  was  to  see  it  through,  she  called 
back  home  those  of  her  technically  trained  men  who 
were  left  after  those  early  days  and  began  the  con- 
struction of  her  present  great  military  and  naval 
plants,  without  which  she  could  not  hope  to  conduct  a 
successful  war.  What  failure  meant  to  the  civilized 
world,  our  part  of  it  in  particular,  is  only  beginning 
to  be  realized. 

That  it  was  to  be  a  war  of  science  and  machinery 
was  made  clear  to  the  world  by  the  fact  that  for  40 
years  Germany  had,  besides  making  soldiers  out  of 
her  citizens,  been  calling  on  her  men  of  science  for 
new  ways  to  increase  the  horrors  of  warfare,  and  on 
her  great  manufacturing  plants  to  make  ready  the 
structure  and  machinery.  And  as  the  ideas  of  sci- 
entists are  made  applicable  to  the  problems  of  peace- 
ful life  by  the  engineer,  so  must  he  also  make  them 
applicable  to  the  problems  of  war.  Thus  the  engineer 
finds  himself  in  vital  positions  engaged  in  creating 
and  developing  the  resources  of  war,  in  transporting 
them  to  the  front,  and  there  building  the  works  neces- 
sary for  their  utilization  most  effectively. 

"The  world  scarcely  realizes  the  extent  to  which  it  is 
dependent  on  the  scientist  and  engineer  for  the  con- 
veniences and  comforts  of  life — nay,  more,  even  the 
pleasures  of  life — in  this  wonderful  mechanical  age. 
The  tales  of  the  Arabian  Nights  pale  in  comparison. 
The  segregation  of  the  engineer,  slow  in  the  begin- 
ning, gained  but  slight  headway  before  his  advent  as 
a  college-trained  man.  Even  then  it  required  years 
to  establish  his  professional  entity,  so  much  is  he  a 
part  of  the  things  which  make  up  our  daily  lives — our 
own  entity.  But  a  curious  thing  happened.  The  nine- 
teenth century  went  to  sleep  with  the  engineer  still  a 
child— an  orphan,  as  it  were — seeking  an  opportunity 
to  be  of  some  use  in  the  w'orld;  in  other  words,  seek- 
ing a  job.  When  the  twentieth  centun,'  awoke  the  tale 
was  reversed;  the  job  went  seeking  the  engineer.  In 
the  years  just  prior  to  the  war  the  demand  for  gradu- 
ates was  far  in  excess  of  the  supply;  but  now,  with 
war  increasing  many  fold  the  output  of  our  fac- 
tories and  straining  to  the  breaking  point  our  trans- 
portation systems,  the  number  falls  far  short  even  of 
barest  necessities.  All  those  who  were  able  have  gone 
into  the  fighting  machine  itself,  still  further  depleting 
the  ranks  of  engineers;  and  the  ranks  of  scientists, 
too.  have  in  the  same  way  been  depleted. 

The  conditions  in  this  countrj^  with  respect  to  its 
supply  of  engineers  has  been  set  forth  by  the  U.  S. 
Bureau  of  Education  in  its  Circular  No.  4,  Aug.  30, 
1917,  from  which  I  quote: 

The  Knifln.'ir  Corim  estimates  that  11  will  have  from  6.000  to 
fl.onn  crtK-ineer  offlcers  In  seri-lce  by  early  .sprlnit.     Approximately 
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The  situation  with  reference  to  engineering  to  nearly  paral- 
lelled In  several  other  technical  callings.  It  Is  this  fact  which  has 
.nduced  stalemen.  educators.  Bclentlflc  associations  and  indus- 
trial leaders  to  urge  repeatedly  and  emphatically  that  the  higher 
Institutions  of  the  country,  and  particularly  those  which  give 
technical  or  sclentlllc  training,  be  kept  In  full  operation,  and 
that  young  men  everywhere  be  encouraKed  to  attend  them. 
Such  attendance   Is  represented   as  a   hlKh    patriotic  ser\lce. 

Lehigh  University  to  Start  Course  in  Ship 
Construction 

To  supply  trained  men  for  present  demands  in  ship 
building  and  operation  and  for  future  demands  in 
ocean  transportation  and  foreign  commerce,  Lehigh 
University  will  inaugurate  in  September  a  three-year 
course  in  Ship  Construction  and  Marine  Transporta- 
tion. It  will  have  the  same  entrance  requirements 
and  the  same  basis  of  mathematics  and  sciences  as 
the  other  engineering  courses.  In  the  second  year 
this  course  will  present  strength  of  materials,  ma- 
chine design.  metallurg>-  and  steam  engineering  and 
also  economics  and  business  law.  The  work  of  the 
final  year  will  be  given  under  the  three  divisions  of 
naval  architecture,  marine  engineering  and  foreign 
commerce.  Naval  architecture  includes  studies  in  the 
design  and  construction  of  wooden,  steel  and  concrete 
ships.  Under  the  marine  engineering  is  embraced 
steam  engineering,  marine  engines  and  marine  steam 
turbines.  To  prepare  them  for  international  trade. 
students  will  be  instructed  in  accounting,  banking, 
foreign  commerce,  foreign  exchange  and  marine  in- 
surame.  The  summer  work  in  the  course  will  be 
given  in  ship  yards  of  the  Atlantic  Coast.  The  term 
at  Lehigh  will  open  on  Sept.  12. 


Fifty-six  Per  Cent  of  Structural  Shop  Capacity 
Contracted  For.— The  records  of  the  Bridge  Builders 
&  Structural  Society,  as  collected  by  its  secretary, 
show  that  during  the  month  of  June,  1918,  5f<  per  cent 
of  the  enitre  capacity  of  the  bridge  and  structural 
shops  of  the  countr>-  was  contracted  for. 


(21) 


94 


ENGINEERING     AND     CONTRACTING 


Vol.  50,  No.  4 


Dean  Richards  Advises  Drafting 

High  School  Graduates  to  Fill 

Engineering  Colleges 

Drafting  high  school  graduates  to  fill  the  depleted 
classes  in  technical  colleges  is  suggested  by  Prof. 
C.  R.  Richards,  Dean  of  the  College  of  Engineering  of 
the  University  of  Illinois,  in  a  letter  sent  recently  to 
the  Secretary  of  War.  In  his  letter  Prof.  Richards 
suggests  that  the  requirements  for  enlistment  of  en- 
gineering students  be  revised  so  that  students  may  be 
permitted  to  enlist  and  remain  at  college  until  they 
graduate.  He  also  recommends  that  a  student  who 
has  completed  2  years'  work  in  a  technical  school,  who 
already  has  been  enlisted  or  drafted,  be  returned  to 
college  on  detached  duty  until  he  graduates. 

The  letter  follows: 

I  liave  boen  very  greatl.v  concerned  over  the  ever  increasing 
demands  of  the  Army,  the  Navy,  the  various  government  bureaus 
and  the  industries  for  inen  of  teclinical  and  scientific  training. 
since  with  the  increasing  demand  for  sucli  men  there  is  a  de- 
crease in  the  supply.  Thus,  the  College  of  Engineering  of  the 
University  of  Illinois  lias  for  a  number  of  years  graduated  over 
200  persons  a  year,  not  including  those  completing  the  curri- 
culums  m  chemistry  and  in  chemical  engineering.  This  year  we 
shall  graduate  only  121  persons  from  the  College  of  Engineering. 
and  from  present  indications  the  number  of  graduates  next  year 
will   be   still   smaller. 

During  recent  years  there  has  been  a  growing  appreciation 
of  tlie  importance  of  technical  and  scientific  training  by  men 
■who  are  engaged  in  industrial  work,  but  never  before  has  the 
Importance  of  such  training  been  so  evident  as  at  this  time, 
when  the  need  is  so  great  to  solve  a  variety  of  new  problems 
quickly.  It  does  not  take  a  very  long  time  to  make  an  effective 
soldier  from  a  man  without  previous  military  training  and  ex- 
perience, but  it  does  require  a  verj-  considerable  amount  of 
time  to  train  a  man  for  expert  scientific  and  engineering  serv- 
ice. It  seems  to  me,  therefore,  that  the  Government  should 
exercise  increasing  care  in  the  selection  of  men  for  the  Army, 
to  avoid  the  draftmg  of  highly  trained  experts  for  service 
which  can  be  performed  almost  as  well  by  men  who  have  had 
little  educational  preparation. 

As  a  result  of  my  observations  of  the  conditions  which  are 
affecting  the  training  of  men  for  service  in  technical  and  scien- 
tific lines,  I  feel  justified  in  presenting  for  your  consideration 
the  following: 

1.  I  recommend  that  the  requirements  for  the  enlistment  of 
students  in  the  enlisted  reserve  corps  of  the  engineering  de- 
partment, as  formulated  by  the  Chief  of  Engineers  under  date 
of  Dec.  15,  1917,  be  revised  so  that  any  student  who  is  a  citizen 
of  the  United  States  and  who  is  doing  acceptable  work  may  be 
permitted  to  enlist  and  to  remain  in  college  until  he  graduates, 
or  until  he  show."!  inability  or  unwillingness  to  do  satisfactory 
work.  The  present  requirements  for  the  enlistment  of  engineer- 
ing students  are  so  exacting  that  relatively  few  men  can  qual- 
ify. Many  men  whom  we  would  Ije  willing  to  certify  as  show- 
ing great  promise  are  at  present  ineligible.  .■\s  a  consequence, 
I  feel  that  the  cumulative  effect  which  would  otherwise  have 
been  experienced  from  the  privileges  granted  under  the~e  regu- 
lations has  been   seriously  reduced. 

2.  I  suggest  that  students  who  are  enlisted  in  the  engineer 
reserve  corps  be  regarded  as  on  detached  duty  in  the  active 
service  of  the  Government,  that  they  be  required  to  wear  the 
regular  uniform,  and  that  they  receive  some  stipend  during  the 
time  that  they  remain  in  service  to  keep  them.  If  they  were 
paid  530  a  month  the  total  annual  expenditures  would  be  sl'ght 
In  comparison  with  other  expenditures  which  the  Government  is 
compelled  to  make  in  the  conduct  of  the  war.  The  psychological 
effect  of  this  plan  on  the  students  and  the  public  would  be  of 
enormous  value,  and  it  would  greatly  assist  in  maintaining  a 
reasonable  supply  of  men  in   training  for  technical  service. 

3.  In  my  judgment,  students  in  technical  and  scientific  schools 
should  not  be  permitted  to  enlist  or  be  drafted  unless  it  can  be 
shown  that  they  will  not  profit  by  the  instruction  given.  They 
should  be  enlisted  for  instruction  until  they  graduate.  I  recom- 
mend that  every  intelligent  student  who  has  completed  two 
years'  work  in  a  technical  or  scientific  school  who  has  already 
been  enlisted  or  drafted  be  returned  to  college  or  detached  on 
duty   until  he  graduates. 

4.  Many  sentimental  and  misguided  persons  consider  that  a 
young  man  who  fails  to  pass  for  active  Army  or  Navy  service 
is   a    "slacker,"    even   though    his   training  and   experience   render 


him  more  useful  in  scientific  work  than  in  the  fighting  branches 
of  the  service.  It  seems  to  me  that  every  effort  should  be  made 
to  correct  this  impression. 

5.  If  the  conditions  under  discussion  become  more  serious,  as 
is  likely  to  be  the  case.  I  recommend  that  approximately  2  per 
cent  of  the  boys  graduating  from  the  high  schools  be  drafted 
for  service  as  students  in  the  technical  schools  of  the  country. 
This  plan  will  be  a  part  of  compulsory  education  which  may  be 
fully  justified  en  the  score  of  national  necessity. 

6.  Since  all  the  preparations  for  war  involve  a  great  variety 
of  educational  processes,  and  since  the  technical  and  scientific 
colleges  should  be  maintained  at  the  highest  rate  of  efficiency, 
it  is  important  that  some  provision  be  made  at  once  to  prevent 
the  loss  of  teachers  from  these  colleges.  It  requires  a  peculiar 
combination  of  qualifications  to  make  a  successful  teacher  of 
engineering  or  science.  The  drafting  of  such  men  is  a  serious 
mistake.  If  there  is  no  other  way  to  protect  the  successful 
teacher,  the  value  of  his  services  should  be  recognized  by  per- 
mitting him  to  enlist  in  some  branch  of  the  .\rmy  and  be  placed 
on  detached  duty  or  on  the  inactive  list  in  the  institution  at 
which  he   serves. 


Asphalt  Mastic  Shop  Floor  in  Good  Con- 
dition After  6  Years  Use 

In  1912  an  asphalt  mastic  floor  was  constructed  at 
the  forge  and  structural  shop  of  the  Twin  City  Rapid 
Transit  Co.,  Minneapolis,  Minn.  The  floor  consisted 
of  a  IVi-in.  layer  composed  of  65  per  cent  gravel,  rock 
and  bank  sand  and  3.5  per  cent  mastic  and  flux,  laid 
on  a  concrete  base.  The  editors  of  the  Electric  Rail- 
way Journal  recently  addressed  an  inquiry  to  W.  J. 
Smith,  master  mechanic  of  the  company,  for  the  pur- 
pose of  learning  how  satisfactory  the  floor  had  proved. 
The  information  obtained  is  printed  in  a  recent  issue 
of  the  above  mentioned  journal,  from  which  the  fol- 
lowing matter  is  abstracted: 

In  reply  to  the  inquiry  Mr.  Smith  states  that  the 
floor  has  given  excellent  satisfaction.  It  has  had  hard 
service  but  no  repairs  have  been  necessary  and  it  is 
in  first-class  condition  today  with  the  one  exception 
that  it  is  somewhat  marked  up  where  the  pieces  of 
heavy  material  have  been  piled  or  where  jack  screws 
and  heavily  loaded  horses  have  stood.  Sometimes 
from  20  to  30  tons  of  steel  have  been  piled  in  a  small 
space  and  the  weight  of  this  "material  caused  the  bars 
and  sections  to  mark  up  the  floor,  especially  in  warm 
weather.  However,  this  has  never  caused  any  great 
trouble,  although  it  somewhat  mars  the  appearance 
of  the  floor.  Where  the  floor  has  not  been  subject  to 
this  heavy  piling  it  is  smooth  and  free  from  cracks 
and  in  fine  condition. 

Experience  has  shown  that  when  a  floor  of  this  kind 
is  laid  it  is  very  important  to  have  firm  ground  or  if 
it  is  to  be  laid  on  a  reinforced  concrete  slab  to  have 
this  in  good  condition.  This  mastic  asphalt  floor  is 
made  of  the  same  material  and  is  laid  in  practically 
the  same  way  as  paving  asphalt,  with  the  possible 
exception  that  a  larger  proportion  of  finely  crushed 
rock  is  mixed  with  the  asphalt.  The  company  uses 
the  same  material  on  the  back  platforms  of  all  pas- 
senger cars.  When  first  used  there  was  some  trouble 
with  the  floor  becoming  soft  in  warm  weather,  but 
this  difliculty  was  overcome  by  using  a  larger  pro- 
portion of  finely  crushed  rock.  As  much  of  this  fine 
rock  was  used  as  could  be  worked  into  the  mixture 
without  preventing  the  possibility  of  troweling  it  out. 
It  is  important  to  use  a  flux  to  coat  the  concrete.  Any 
contractor  familiar  with  putting  down  asphalt  pave- 
ment could  do  a  satisfactory  job  on  floor  work.  The 
more  service  the  floor  gets  the  better  it  appears  to 
be,  as  it  gradually  becomes  smooth  and  firm  but  never 
hard  and  slippery. 
(22) 
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Emergency  Building  Work  of  the 
War  Department 

Emergency  work  to  house  and  provide  for  the  wants 
of  soldiers  in  this  country  and  to  provide  buildings 
for  the  manufacture  and  storage  of  supplies  for  the 
Army,  both  here  and  abroad,  undertaken  by  the  con- 
struction division  of  the  Army,  which  has  been  ex- 
ecuted, or  is  under  way  and  in  prospect  up  to  June 
1,  will,  it  is  estimated,  cost  $1,170,019,0-10.  This  total 
does  not  include  three  operations,  costing  $106,000,- 
000,  which  are  being  conducted  under  the  direct  con- 
trol of  the  Ordnance  Department. 

All  work  done  under  the  direction  of  the  construc- 
tion division  is  performed  under  the  emergency  con- 
struction contract,  which  is  based  on  the  cost  of  the 
work  plus  a  percentage  with  an  established  maximum 
fee.  By  this  contract  no  contractor  can  receive  a  fee 
of  more  than  a  quarter  of  a  million  dollars,  no  matter 
how  great  the  total  cost  of  the  operation  may  be. 

Up  to  June  1  the  division  had  completed  53  jobs  at 
a  total  cost  of  $202,250,000.  it  now  has  244  opera- 
tions under  way,  which  when  finished  will  cost  ap- 
proximately $270,369,040.  Preparations  are  being 
made  to  start  work  on  117  new  operations  which  are 
expected  to  cost  $700,000,000. 

Of  the  finished  jobs.  36  were  at  cantonments  and 
camps.  The  total  cost  for  National  Army  canton- 
ments was  $140,726,473.  General  contractors'  fees 
were  $4,000,000,  or  2.84  per  cent  of  the  total.  From 
this  amount  the  contractors  had  to  meet  all  their  over- 
head expenses  of  organization.  The  National  Guard 
camps  co.st  $38,375,272,  on  which  the  Government  paid 
fees  amounting  to  $2,636,534,  or  6.98  per  cent  of  the 
total.  In  every  case  the  contractors  were  compelled 
to  meet  the  expense  of  maintaining  their  organization 
from  the  fees  collected  from  the  Government. 

Some  of  the  operations  in  prospect  are:  Storage 
terminals  at  Boston,  Philadelphia,  Charleston,  S.  C, 
and  28  other  points;  Signal  Corps  cantonments  and 
aviation  fields;  powder  loading  plants  in  suitable 
places,  and  ordnance  depots  on  the  Atlantic  Coast; 
hou.=ing  for  the  Shipping  Board  at  16  points;  quar- 
termaster warehouses  at  Columbus,  Ohio,  Albany,  N. 
v..  Middletown,  Pa.,  and  Buffalo,  N.  Y.,  and  other 
points;  aviation  camps  at  40  points;  ordnance  .storagre 
depots  at  several  points;  a  remount  station  at  Charles- 
ton, S.  C;  mechanical  repair  shops  for  troops  of  the 
Regular  Army  in  Texas;  three  office  buildings  in 
Washington  in  addition  to  those  already  under  way; 
a  hospital  at  Fort  Riley,  Kans.;  an  isolation  hospital 
at  Tenafly,  N.  J.;  extensions  at  Springfield  Arsenal, 
and  gas-making  plants  and  gas  shell  filling  plants  at 
other  points. 

The  Construction  Division  of  the  Army,  which  is 
the  outgrowth  of  the  Cantonment  Division,  is  now  in 
charge  of  Col.  Richard  C.  Marshall,  Jr.,  and  is  com- 
posed of  about  5,000  persons.  Approximately  700  offi- 
cers are  engaged.  The  majority  of  the  latter  are  men 
from  civil  life  experienced  in  constructive  work. 


Thawing  Frozen  Ground  with  Water  Healed  by 
Live  Steam. —  In  the  construction  of  the  Maywood 
plant  of  the  American  Can  Co.  the  holes  for  the  foot- 
ings were  thawed  out  by  filling  them  with  water  and 
then  heating  the  water  with  live  .steam.  The  tops  of 
the  footings  when  concreted  were  kept  reasonably 
warm  bv  a  covering  of  12  in.  to  15  in.  of  straw. 

( 


Labor-Saving  Power-Operated  Planer 

A  portable  electric  planer,  operated  like  an  ordi- 
nary carpenter  jack  plane,  and  stated  to  be  capable  of 
planing  from  500  to  "00  sq.  ft.  per  8-hour  day,  with 
one  man,  has  been  placed  on  the  market  recently.  The 
planing  is  done  by  rotary  cutting  blades  (making  about 
3,600  r.p.m.)  operated  by  a  small  light  motor  direct- 
ly attached  to  the  machine.  Each  forward  movement 
of  the  planer  produces  a  smooth  surface  up  to  4  in. 
wide.  Flat  or  curved  surfaces  are  planed  with  equal 
ease,  since  the  base  is  adjustable  to  conform  to  the 
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.Hurface  worked  upon.  The  planer  was  devi.sed  by 
Capt.  F.  L.  Forward  while  engaged  on  a  contract  for 
constructing  110  ft.  submarine  chasers  for  the  Gov- 
ernment. A  test  on  this  contract  showed  that  it  took 
15  men  at  $4  per  day,  12  days  to  plane  the  sides  of 
one  of  the  110  ft.  cha.sers  by  means  of  the  ordinary 
jack  plane.  The  same  work  was  done  in  4  days  by  two 
men  with  the  power  planer  at  a  total  cost  of  $48  in- 
cluding power.  This  planer  is  manufactured  by  the 
Universal  Planer  Co.,  Inc.,  16  E.xchange  Place,  New 
York  City. 


Edgar  Marburg 

Dr.  Edgar  Marburg,  whose  death  June  27  was 
briefiy  noted  in  our  July  3  issue,  was  graduated  from 
Rensiielaer  Polytechn^-  Institute  in  1885.  Previous 
to  his  appointment  to  the  Profes.sorship  of  Civil  Engi- 
neering at  the  University  of  Pennsylvania  in  1892,  a 
position  he  held  until  his  death,  he  was  employed  in 
the  engineering  departments  of  the  Keystone  Bridge 
Co..  the  Phoenix  j-iridge  Co.,  the  Edge  Moor  Iron 
Co.  and  the  Carnegie  Steel  Co.  When  the  American 
Society  for  Testing  Materials  was  organized  in  March, 
1902,  Prof.  Marburg  became  its  secretary-treasurer. 
The  success  of  the  society  is  largely  attributable  to  his 
efforts.  Prof.  Marburg's  death  occurred  during  the 
session  of  the  last  annual  convention  of  the  society. 
The  following  resolution,  prepared  by  Past  Pre.'^i- 
donts  Arthur  N.  Talbot,  A.  A.  Stevenson  and  Henry 
M.  Howe  was  adopted  by  rising  vote: 

Till-  AiinTlrUii  Soi-I.-I)  for  Tcntlnir  .Mnd-Halu  In  annual  nipi-tlnK 
;ii»cnilil<-(l  lenrim  with  |irofounil  sorrow  of  thr  death  of  tin 
•'tlccnii'd  Serri'Uiry-Tri'JiKiiriT.  Hdicnr  Mnrhure.  on  June  ;T.   19IS. 

In  thiB  hour  of  lu-rravi-ment.  the  noclrl.v  ileslreii  to  place 
on  llx  rucordu  nn  nfknowleilinnent  of  the  trein  debt  whii-h  It 
oweM  to  Kdear  Morlniric.  Hy  leal.  Indunlrv.  loyalty.  InnlKhl  and 
hiKh  ahlllty  ex.  rl«l  lhn»ii;h  1«  yenrn  an  Secretiiry-Trr.i.-iirer  of 
the  iiMol.-ty;  bv  uuldInK  lt«  nollonn.  enerKlxln<:  H"  Hrtlvitl.H.  and 
iCUunlUu'  Its  name.  I'e  lum  exerflxt-d  ii  jMUverful  In  Ijm.f  oi>  the 
ehani.lcr,  ulandlnic  .ind  URefiilnemi  of  the  noeleiy.  and  on  the 
Tinkhit;  of  iipeelKcutlunM  and  le»l»  for  the  niuterialii  of  enitlneer- 
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ing.      He   is   honored    and   revered    as   a    master  and   leader.      The 
imprint  of  his  work  will  Ions;  remain. 

The  society  extends  to  the  family  heartfelt  sympathy  for  their 
great  loss.  May  the  knowledge  that  his  fine  character,  strong 
manhood,  and  great  work  in  the  field  of  engineering  are  ap- 
preciated by  the  membership  of  the  .American  Society  for  Testing 
Materials  become  a  part  of  their  many  treasured  memories  of 
his    life   and    work. 


Contracts  Let  for  61  Vessels. — During  the  week 
ending  July  13  contracts  for  61  vessels,  representing 
439,800  dead- weight  tons,  were  let  by  the  United 
States  Shipping  Board  and  Emergency  Fleet  Corpo- 
ration. Of  this  tonnage  392,800  will  go  into  steel  con- 
struction, the  rest  into  wooden  ships.  To  the  Skinner 
&  Eddy  Corporation,  of  Seattle,  went  a  contract  for 
the  building  of  35  steel  cargo  steamships  of  a  dead- 
weight tonnage  of  332.800.  The  Mobile  Shipbuilding 
Co.,  of  Mobile,  Ala.,  received  a  contract  to  build  12 
steel  freighters  of  a  combined  tonnage  of  60,000, 
making  47  of  the  steel  type  provided  for  in  the  new 
contracts.  Contracts  for  building  14  wooden  ships 
were  divided  between  K.  M.  Murdock,  of  Jacksonville, 
Fla.,  who  will  construct  6  of  this  type,  with  a  total 
tonnage  of  21,000.  The  Missouri  Valley  Bridge  & 
Iron  Co.,  of  Quantico,  Va.,  which  will  build  7  of  an 
aggregate  tonnage  of  24,500,  and  the  Continental 
Shipbuilding  Corporation,  of  Yonkers,  N.  Y.,  which 
was  given  a  contract  for  building  1  vessel  of  1,500 
tons. 


67  Wooden  Ships  Completed  Up  to  June  1. — A  total 
of  67  wood  ships  with  an  aggregate  tonnage  of  242,- 
200  was  added  to  America's  merchant  marine  up  to 
June  1,  according  to  figures  prepared  by  the  Division 
of  Wood  Ship  Construction.  Twenty-two  of  these  are 
of  the  Hough  type,  28  Ferris,  16  of  the  Emergency 
Fleet  Corporation's  own  design  and  1  of  the  McCor- 
mick  type.  The  majority  of  the  ships  are  3,500  tons 
each.  "The  largest  was  a  4,700-tonner,  the  Bonham, 
built  by  the  National  Shipbuilding  Co.  at  Orange, 
Tex.  The  tonnage  totals  by  months  are  as  follows : 
December,  7,500;  February,  18,500;  March,  40,000; 
April,  60,500,  and  May,  115,700. 


Personals 


George  II.  Schwan  has  been  appointed  secretary  of  the  re- 
cently established  Bureau  of  City  Housing  of  Pittsburgh,  Pa. 

George  M.  Brill  has  been  made  head  of  the  newly  created 
requirements  section  to  handle  shipyards  supplies  for  the  U.  S. 
Shipping  Board.  • 

"W.  N.  McDonald,  head  of  the  contracting  firm  of  McDonald 
&  Co.,  Jacksonville,  Fla..  has  been  given  a  commission  as 
captain   in  the  U.   S.   Engineers. 

W.  J.  Elmendort,  of  Campbell,  Wells  &  Elmendorf,  mining 
engineers,  114  James  St.,  Seattle,  Wash.,  ,  has  been  appointed 
consulting  engineer  for  the  United  States  Bureau  of  Mines. 
His  jurisdiction  will  be  in  the  Northwest. 

J.  H.  Kirby  of  Houston.  Tex.,  has  been  appointed  lumber 
administrator  of  the  Emergency  Fleet  Corporation  to  administer 
all  activities  of  the  shipbuilding  program  connected  with  the 
production  and  storage  of  lumber.  Mr.  Kirby  will  also  assume 
control   over   all    logging   operations. 

John  M.  Goodell  has  been  appointed  consulting  engineer  of 
the  U.  S.  Office  of  Public  Roads  and  Rural  Engineering.  Mr. 
Goodell  for  some  months  at  the  beginning  of  the  war  as- 
sisted in  the  organization  of  the  work  of  the  Committee  on 
Public  Information.  For  the  past  6  months  he  has  been  as- 
sisting  the    personnel   division    of   the    U.    S.    Shipping   Board. 

Arthur  H.  Toung,  director  of  the  American  Museum  of  Safety 
since  Jan.  1,  1917,  has  resigned  to  take  charge  of  the  Employe 
Relations  Department  of  the  International  Harvester  Co.  He  is 
succeeded  by  R.  M.  Little,  formerly  chairman  U.  S.  Employes' 
Compensation  Commission.  Chester  C.  Rausch,  heretofore  Chief 
Safety  Engineer  of  the  Navy  Department,  Bureau  of  Docks  and 
Yards,   has  been   appointed  assistant   to   tlie  director. 

Colonel  Frank  E.  Walters,  of  Toledo.  O.,  has  been  ap- 
pointed by  the  War  Department  as  a  member  of  the  special 
hoard  of  ordnance  experts  to  have  charge  of  the  new  Neville 
Island  gun  and  projectile  plant  to  be  built  by  the  United  States 
Steel  Corporation  in  co-operation  with  the  Government.  Colonel 
Walters  received  his  commission  in  the  ordnance  department 
in  February.  He  was  formerly  with  Mills,  Rhines,  Bellman  & 
Nordhoff,  architects,  and  later  with  the  building  department  of 
the   Willys-Overland. 

Charles  Brossman,  consulting  engineer,  of  Indianapolis,  Ind., 
and   Frank   C.   Wagner,   professor  of   mechanical   engineering   at 


Rose  Polytechnic  Institute,  Terre  Haute,  have  been  appomted 
bv  the  United  States  Fuel  Administration  to  take  charge  of 
special  fuel  conservation  activities  in  Indiana.  Mr.  Brossman's 
duties  will  be  limited  to  investigation  of  electric  power  plants 
in  the  state  for  the  purpose  of  making  recommendations  for  the 
consolidation  of  certain  plants  in  order  to  save  fuel.  Professor 
AVagner  is  appointed  as  administrative  engineer  for  Indiana. 
His  duties  will  be  to  seek  means  of  increasing  the  efficiency  in 
fuel    consumption. 

Appointments  as  follows  have  been  announced  by  Arthur  W. 
Thompson,  federal  manager  for  the  railroads  in  the  Allegheny 
region:  R.  N.  Begien,  operating  assistant  to  the  federal  manager, 
formerly  general  manager  of  the  Baltimore  &  Ohio;  J.  M.  Davis, 
formerly  president  in  charge  cf  operations  of  the  Baltimore  & 
Ohio,  made  manager  of  the  Baltimore  &  Ohio.  New  York  Ter- 
minal; S.  Ennes.  formerly  general  manager  of  the  Western  Mary- 
land Rv..  made  general  manager  of  the  Baltimore  &  Ohio  eastern 
lines  and  the  coal  and  coke  railway;  Maxwell  C.  Byers,  formerly 
assistant  to  the  president  of  the  Western  Maryland  Ry.,  made 
general  manager  of  the  Western  Md.  Ry.,  Cumberland  Valley 
R.  R.  and  Cumberland  &  Pennsylvania  R.   R. 

The  following  architects,  town  planners  and  engineers  have 
been  selected  for  the  housing  developments  to  be  undertaken 
by  the  Government  under  the  act  recently  passed  by  Congress 
appropriating  $60,000,000  for  the  construction  or  lease  of  quar- 
ters for  the  war  workers;  Project  No.  10,  Erie,  Pa. — Architect. 
Albert  H.  Spahr,  Pittsburgh:  town  planner,  C.  D.  Lay.  15  E. 
inth  St  New  York  City;  engineer.  Chester  &  Fleming,  Pitts- 
bur'-h  Pni.iect  No  IS.  South  Charleston,  W.  Va. — Architect, 
Goiilf-y  Haskell  iV:  Sedgwick,  244  Madison  Ave.;  town-  planner, 
James  '  L  CietnU-af,  1  Broadway,  New  York;  engineer,  James 
I^  (Jreenieaf  Project  No.  24,  Bethlehem,  Fa. — Architect,  Zant- 
zinger,  Borie  &  Medary.  112  S.  16th  St.,  Philadelphia,  Pa.;  town 
planner,  T.  W.  Sears,  1424  Walnut  St..  Philadelphia,  Pa.;  en- 
gineer. L.  J.  H.  Grossart,  Bethlehem  Steel  Co..  Bethlehem.  Pa. 
P'roject  No.  27  a.  b.  Washington  Navy  Yard — Architect,  York 
&  SawTer,  50  E.  41st  St.,  New  York  City.  Project  No.  27  c. 
Washington  Navy  Yard — Architect  (temporary).  James  A.  Wet- 
more,  acting  supervising  architect's  office.  Washington.  D.  C. 
Project  No.  54  a.  b.  c.  Washington  Dormitories — Architect, 
Waddv  B.  Wood.  816  Connecticut  Ave..  Washington,  D.  C. 
Project  No.  5fl.  Bath,  Me. — Architect,  Parker,  Thomas  &  Rice, 
110  State  St.,  Boston  Mass.;  town  planner,  Lorring  Underwood, 
le  Exchange  St..  Boston.  JIass, ;  engineer.  Weston  &  Sampson, 
14  Beacon  St..  Boston.  Mass.  Project  No.  62.  Quincy,  Mass. — 
Architect.  J.  E.  McLaughlin.  88  Tremont  St.  Boston.  Mass.; 
town  planner,  H.  J.  Kellaway,  12  "West  St.,  Boston,  Mass.;  en- 
gineer. Ernest  W.  Branch.  21  Adams  Boulevard,  Quincy,  Mass. 
Project  No.  102.  Bridgeport,  Conn. — Architect,  R.  C.  Sturgis,  120 
Bovlston  St..  Boston,  Mass.;  town  planner,  A.  A.  Shurtleff,  69 
State  St.,  Boston,  Mass.  FYoject  No.  141,  Puget  Sound,  Wn. 
(Bremerton).— Architect.  A.  H.  Albertson,  725  Henry  Bldg.,  394 
Jackson  St..  Portland,  Ore.;  engineer.  Sawyer  Bros.,  410  Lmdelle 
Bldg.,  Spokane,  Wn.;  Geo.  B.  Sawyer,  of  Sawyer  Bros.,  407 
White  Bldg..  Seattle,  Wn.  Project  No.  150  a.  b.  Norfolk  and 
Portsmouth.— Architect,  George  B.  Post  &  Sons.  101  Park  Ave 
New  York;  town  planner,  none;  engineer,  Nicholas  Hill,  100 
William  St.,  New  York.  Project  No.  150  c.  Norfolk  and  F'orts- 
mouth  (colored).— Architect.  Russell  Edw.  Mitchell.  Project  No. 
.■)78  Watertown.  N.  Y.— Architect,  Davis,  McGrath  &  Kiessling. 
17,'i  5th  4ve.,  New  York;  town  planner,  F.  Vitale,  527  5th  Ave., 
New  York;  engineer,  E.  W.  Sales,  city  engineer,  Watertown,  N. 
Y  Project  No.  502.  Philadelphia  Navy  Yard.— Architect.  Rankin,- 
Kellogg  &  Crane.  1012  Walnut  St.,  Philadelphia.  Project  No.  581, 
Mare  Island  (Vallejo).  Oal.— Architect.  George  W.  Kelham, 
Sharon  Bldg.,  San  Francisco,  Cal.;  town  planner.  F.  R.  Jones, 
care  of  G.  W.  Kelham.  San  Francisco.  Cal  ;  engineer,  S.  E. 
Kieffer.  Mechanics  Institute  Bldg..  San  Francisco.  Cal.  Alliance, 
Ohio.— Architect.  Walker  &  Weeks,  Cleveland;  town  planner, 
De  Forrest,  Rochester. 


Obituaries 

William  Burge.  a  retired  contractor  of  Toledo,  O.,  died  June 
24   in   Los   Angeles,    Cal. 

Thomas  Paterson,  a  pioneer  contractor  of  Kalamazoo,  Mich., 
died  last   week,   aged  90   years. 

Levi  E.  Mullen.  05,  architect,  builder  and  contractor  of  Co- 
lumbus Grove,  O.,  died  suddenly  last  week. 

Frederick  Hart,  of  the  firm  of  Brubaker  &  Hart,  bridge 
builders,  a  resident  of  Mount  Nebo,  died  July  4  at  a  hospital  in 
ijancaster.  Pa.,  aged  54. 

Major  General  George  Whitfield  Davis,  retired,  died  July 
12.  General  Davis  was  assistant  engineer  in  completing  the 
Washington  monument  and  also  took  an  active  part  m  the  early 
work  of   building  the   Panama  canal. 

Robert  S.  Armstrong  of  New  York,  fabricating  engineer  for 
the  Carolina  Shipbuilding  Corporation,  Wilmington,  N.  C.  died 
July  loth.  Death  was  due  to  apoplexy.  Mr.  Armstrong  was  for 
10  years  fabricating  engineer  for  the  .\merican  Bridge  Co.,  and 
later  general   manager   of   the    Downey   Shipbuilding   Co. 

Edwin  H.  Sandison.  founder  of  Everest,  Horton  and  Liberal. 
Kan.,  died  Julv  2  at  his  home  in  Los  Angeles,  Cal.  He  settled 
in  Everest  in  1881,  when  the  Missouri  Pacific  was  building 
through  that  section.  Thirty  years  later,  when  the  Rock  Island 
built  from  St.  Joseph  to  Topeka,  his  firm  founded  Horton. 

Mr.  Edward  S.  Meloy,  Assistant  Engineer  in  charge  of  bridge 
inspection  and  bridge  construction  for  the  Chicago,  Milwaukee 
&  St.  F'aul  Rv.,  died  Julv  8  at  his  home  in  Chicago.  He  en- 
tered the  serv'ice  of  the  C.  M.  &  St.  P.  Ry..  in  1886  as  drafts- 
man, and  in  1890  was  promoted  to  -Assistant  Engineer.  He  was 
in  continuous  service   up   to 


short    time   before   his   death. 


Industrial  Notes 

The  Ail-American  Truck  Co.  of  Chicago  has  been  organized 
with  R.  H.  Spear  as  president.  The  principles  of  the  company 
are  indicated  )jy  its  title:  Only  American  citizens  are  employed 
in  its  factory;  only  parts  made  in  America  are  used  in  the 
manufacture  of  its  trucks;  the  entire  sales  organization  is  com- 
posed solely  of  American  representatives,  distributors,  deale-s 
and    salesmen. 
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Our  British  Engineering  Review 
Issue 

The  articles  in  this  issue  of  Engineering-  and  Con- 
tracting relate  entirely  to  British  design  and  construc- 
tion in  the  civil  engineering  field.  The  material  for 
these  articles  has  been  selected  and  condensed  for  us 
by  Prof.  Alexander  Haring  of  New  York  University. 

We  believe  our  readers  will  agree  with  us  that  the 
50  articles  in  this  issue  constitute  a  very  interesting 
iind  instructive  review  of  recent  British  practice,  and 
that  this  issue  forms  an  excellent  companion  to  our 
French  Engineering  Review  issue  of  May  29. 

If  French  engineers  are  ingenious,  English  engi- 
neers are  not  less  so.  We  American  engineers  are 
justly  proud  of  our  own  engineering  achievements,  but 
we  should  not  let  our  national  pride  deter  us  from 
studying  carefully  the  engineering  works  of  other  na- 
tions. Relatively  few  American  civil  engineers  and 
contractors  have  access  to  foreign  engineering  peri- 
odicals. Hence  our  decision  to  publish  three 
large  special  issues  annually,  giving  compre- 
hensive summaries  of  the  most  useful  informa- 
tion to  be  found  in  foreign  civil  engineering  periodi- 
cals and  society  transactions.  Our  next  special  for- 
eign issue  will  be  Oct.  30. 

Every  subscriber  for  a  monthly  issue  of  Engineer- 
ing and  Contracting,  as  well  as  every  weekly  sub- 
scriber, will  receive  our  three  foreign  special  issues 
and  our  annual  New  Equipment  Issue  without  extra 
charge,  these  four  special  quarterly  issues  being  in- 
cluded in  the  subscription  price. 


British,  French  and  Americans  as 

Leaders  in  Engineering  and 

Inventing 

In  a  recent  article  that  has  been  widely  quoted  it 
was  shown  that  the  great  majority  of  chemical  dis- 
coveries of  a  fundamental  nature  were  not  German. 
We  purpose  showing  brieflly  that  of  the  four  leading 
scientific    nations   of  the   world,  Germany   has  to   its 


credit  fewer  inventions  that  any  one  of  the  remain- 
ing three. 

In  the  F^ncyclopedia  Americana  there  is  a  table  giv- 
ing iraportant  inventions  and  scientific  discoveries 
made  during  the  period  of  1560  to  1903.  We  have  an- 
alyzed the  table  with  the  following  results: 


.American    i  L'.    S.  j    

Britifh     

French    

German   (7  chemical,  4  bacteriological) 


Total 
Italian  . 
Swiss 
-Austrian 
Russian 
.Swedish 
Danish 


Granfi    t.'tal    341 

Although  America  is  credited  with  only  three  in- 
ventions prior  to  its  becoming  independent  in  1776,  it 
heads  the  list,  with  England  a  close  second.  These 
two  English-speaking  nations  between  them  have  to 
their  credit  70  per  cent,  and  America  alone  has  40 
per  cent  of  the  notable  inventions  and  scientific  dis- 
coveries given  in  the  table.  The  table  is  not  complete 
nor  is  it  up  to  date,  but  it  gives  a  fair  index  of  the 
relative  inventive  productivity  of  the  10  nations  above 
listed. 

Let  us  now  review  briefly  the  world's  indebtedness 
to  Great  Britain  and  to  America.  The  two  most  im- 
portant inventions  in  the  entire  list  under  discussion 
are  the  steam  engine  and  the  steam  railway,  and  these 
are  both  British.  The  first  steamboat  was  English, 
but  an  American  was  the  first  to  make  a  completely 
practical  and  economic  steamship.  Similarly  in  the 
Crimean  war  the  English  used  the  first  armor-clad 
boat,  but  it  was  reserved  for  Americans  to  develop 
the  first  armor-clad  steamships,  the  celebrated  Mon- 
itor and  Merrimac. 

The  first  "steam  road-wagon"  was  made  in  1787 
by  Oliver  Evans,  an  American;  and  about  a  century 
later  the  first  automobile  propelled  by  gasoline  was 
made  by  another  American.  So  the  gasoline  motor  car 
and  truck  owe  their  origin  to  America,  as  an  offset  to 
the  English  locomotive  and  railway.  The  first  prac- 
tical gas  engine  was  invented  in  1860  by  Lenoir  of 
France.    The  first  flanged  wheel  for  railway  w»e  was 
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British,  but  the  first  T-rail  spiked  to  cross-ties  was 
devised  in  1830  by  Robert  L.  Stevens,  an  American. 
And  it  was  also  an  American  engineer  who  invented 
the  Howe  truss  bridge,  the  forefather  of  all  modem 
truss  bridges. 

Without  the  steel  rail,  modern  railways  could  not 
exist.  An  American,  as  we  have  just  said,  designed 
the  form  of  the  modern  steel  rail;  but  an  Englishman, 
Bessemer,  was  the  first  to  make  cheap  steel  on  a  large 
scale.  However,  Bessemer's  air  blast  method  of  steel 
making  was  antedated  8  years  by  Kelly,  a  Pennsyl- 
vania iron  manufacturer,  and  Bessemer  was  unable  to 
secure  a  patent  in  this  country. 

An  Englishman  made  the  first  practical  traction 
engine,  but  an  American  devised  the  caterpillar  wheels 
that  enable  a  tractor  to  travel  over  any  kind  of  soil. 
Without  these  "track-laying  wheels"  it  would  have 
been  impracticable  for  an  Englishman  to  produce  the 
"tank,"  that  warship  of  the  sand  and  mud. 

Seventy  years  ago  an  English  engineer,  Thompson, 
invented  the  pneumatic  tire;  but,  to  make  it  practi- 
cable, the  American,  GoodyftKr.  had  to  invent  a  process 
of  vulcanizing  rubber.  All  the  automobile  and  truck- 
ing world  therefore  owes  an  enormous  debt  to  those 
two  men,  not  to  mention  the  debt  that  all  rubber  users 
owe  to  the  indomitable  Goodyear.  It  we  remember 
correctly,  Goodyear  worked  for  17  years  to  solve  the 
problem  of  making  rubber  fit  for  industrial  use,  and 
in  his  final  successful  experiment  burned  up  the 
kitchen  table  and  chairs.  It  is  men  of  just  that  sort 
of  never-give-up  grit  who  are  among  our  engineers  in 
France  today. 

Without  railways  and  steamboats  modem  war,  as 
well  as  modern  industry,  would  be  impossible.  The 
same  holds  true  as  to  hard  roads.  Tresaguet,  the 
Frenchman,  taught  Tredgold,  the  Englishman,  how  to 
build  economic  hard  roads  of  broken  stone;  but  Mac- 
adam, the  Scotchman,  "went  both  of  them  one  better." 
Macadam  taught  the  world  that  broken  stone  needed 
no  other  foundation  than  a  well-drained  soil.  That 
was  a  notable  advance  in  road  building,  but  it  was 
reserved  for  the  American,  Blake,  to  make  it  possible 
to  build  broken  stone  roads  cheaply  with  high  priced 
labor.  He  invented  the  first  rock  crusher,  without 
which  macadam  and  concrete  would  be  almost  pro- 
hibitively expensive  in  this  country,  to  say  nothing  of 
the  added  cost  of  milling  all  ores. 

Nobel,  of  Sweden,  invented  dynamite,  but  the  Ameri- 
cans, Couch,  Fowle  and  Burleigh,  made  the  power 
rock-drill.  The  steam-shovel  was  an  English  inven- 
tion, but  the  world  owes  to  America  the  following 
earth-excavating  machine:  Wheelscraper,  fresno 
scraper,  power  scraper,  elevating  grader,  road  grader, 
dump-wagons,  hydraulic  giant,  hydraulic  dredge, 
trench  excavator,  etc. 

The  steam-hammer,  used  in  pile-driving,  in  forging, 
etc.,  etc.,  is  English.  So  is  the  steam-pump.  First  used 
in  Cornish  mines,  the  steam-pump  has  come  to  have 
countless  uses.  The  steam  road  roller  is  claimed  both 
by  the  English  and  the  French. 

It  was  Murdock  who  invented  gas  lighting  in  Eng- 
land in  1792.  Our  Edison  made  incandescent  electric 
lighting  practicable,  but  we  owe  the  arc  light  to  an 
Englishman.  And  this  brings  us  fairly  into  the 
midst  of  electricity. 

Sturgeon  made  the  electromagnet  and  Faraday 
made  the  dynamos,  both  English  inventors  of  in- 
estimable importance,  but  the  world  owes  to  two 
Americans,  Morse  and  Bell,  the  use  of  the  electromag- 
net for  sending  messages  by  telegraph  and  telephone. 


If  we  look  to  England  for  the  first  steam  railway 
we  must  look  to  America  for  the  first  successful  elec- 
tric raihvay.  Ours  is  the  trolley  car  and  the  whole 
evolution  of  electric  transportation. 

Edmund  Halley  of  England  made  the  first  practical 
diving  bell,  but  the  first  practical  submarine  was 
American.  A  Frenchman  made  the  first  balloon,  but 
our  Wright  brothers  were  the  first  men  to  fly  instead 
of  "float"  in  the  air. 

Photography,  first  developed  by  the  English  and 
French,  became  moving  photography  when  Edison  in- 
vented his  kinetoscope.  How  old  that  name  already 
sounds  in  these  days  of  the  "movies."  The  English, 
we  fear,  have  no  counterpart  for  our  phonograph,  also 
the  invention  of  Edison. 

Meikle,  of  England,  made  the  first  grain  thresher 
in  1788,  and  he  was  followed  by  many  other  English 
inventors  of  agricultural  machinery;  but  our  Amer- 
ican inventors  have  long  been  leaders  in  this  line.  Be- 
tween the  British  and  the  Americans  almost  all  inven- 
tions of  agricultural  machinery  have  been  monopo- 
lized. Similarly  with  printing  presses,  linotype  ma- 
chines, typewriters  and  calculating  machines.  Here 
neither  the  French  nor  the  Gei-mans  make  much  of 
a  showing  as  inventors. 

In  textile  machinery  the  British  were  also  pioneers, 
but  Americans  invented  the  cotton-gin,  the  sewing 
m.achine  and  almost  all  the  shoe-making  machinery. 

An  Englishman  invented  portland  cement,  a  French- 
man patented  concrete,  and  the  invention  of  reinforced 
concrete  is  claimed  both  by  the  French  and  the  Amer- 
icans; but  the  other  day  an  American  engineer  built 
the  first  great  sea-going  concrete  ship.  Americans 
were  pioneers  in  reinforced  concrete  buildings,  and 
in  steel-frame  buildings.  American  engineers  also  in- 
vented the  elevators  that  make  our  sky-scrapers  prac- 
ticable. 

In  the  foregoing  list  we  have  named  most  of  the 
leading  mechanical  and  electrical  inventions,  and  it 
is  seen  that  the  English-speaking  nations  have  the 
vast  majority  of  such  inventions  to  their  credit.  How 
is  it  with  the  tools  and  engines  of  war? 

The  Chinese  are  said  to  have  invented  gunpowder. 
Who  made  the  first  gun  is  unknown,  but  nearly  all  the 
fundamental  inventions  relating  to  modern  rifles  and 
guns  are  English  and  American.  To  the  Americans 
belong  the  following:  The  revolver  by  Colt  (1836); 
the  magazine  gun  by  Hunt  (1849) ;  the  machine  gun 
by  Catling  (1861)  :  the  torpedo  by  Whitehead  (1866). 
To  the  British  belong:  The  percussion  cap  by  For- 
syth (1807)  ;  the  built-up  cannon  (1855)  and  the  first 
practical  breach-loading  cannon  by  Armstrong:  the 
disappearing  gun  carriage  by  Moncrief  (1868);  and 
the  improved  machine  gun  by  Maxim  (1884).  Aside 
from  the  invention  of  rifling  a  gun  barrel  (1.520)  by 
Kotter  of  Nuremberg,  the  Spanish  arquebus  about  the 
same  time,  the  expansive  cartridge  by  the  Frenchman 
Honiller  in  1847,  and  the  French  "mitrailleuse"  can- 
non with  its  25  barrels  in  a  group  (1866),  practically 
all  the  great  inventions  in  fire  arms  are  attributable  to 
English-speaking  people. 

Someone  recently  remarked  that  the  mule  is  the 
only  "engine  of  war"  not  invented  by  the  allied  na- 
tions, but  even  here  caution  should  be  exercised.  It 
is  altogether  probable  that  the  original  mule  is  a  Chi- 
nese invention,  in  spite  of  Missouri's  claim  of  having 
first  bred  the  modern  army  mule.  At  any  rate,  it  is 
certain  that  a  Missourian  invented  barbed  wire,  prob- 
ably to  keep  his  mules  out  of  his  wheat  and  corn.  And 
now  there  are  acres  of  American  barbed  wire  in  use  to 
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hold  the  Germans  from  seizing  any   more  acres  of 
France. 

From  machine  guns,  those  lead-stinging  hornets,  to 
barbed  wire,  that  steel  porcupine,  the  weapons  of 
modern  war  have  been  invented,  with  few  exceptions, 
by  the  English-speaking  peoples  of  the  world. 


The 


Langwies   Reinforced 
Crete  \'iaduct 


Con- 


I4nil    CoiistruellonnI     iCiiKlnrrrInK 


The  Coire-Arosa  Railway,  a  branch  of  the  Swiss 
Federal  System,  starts  at  Coire  (altitude  588  meters), 
the  capital  of  the  Grissons  Canton.  It  follows  the  car- 
riage road  along  the  River  Plessur  as  far  as  Sassal, 
and  then  ascends  along  the  right  or  sunny  aspect  of 
the  Schaniigg  Valley  as  far  as  Langwies,  where  it 


The  width  of  either  rib  at  the  crown  is  1.00  meter,  and, 
being  battered  lengthwise,  it  increases  regularly  from 
crown  to  springer.  The  two  arch  rings  are  tied  to- 
gether by  means  of  rigid  cross  beams. 

The  peculiar  arch-centering,  Fig.  1,  is  well  worth 
special  mention.  The  upper  part  of  the  falsework  has 
been  constructed  in  the  form  of  a  fan  built  up  with 
round  timber  obtainable  on  the  spot  in  great  length.s, 
at  a  low  price  and  of  good  quality.  This  timber  scaf- 
folding is  supported  by  three  reinforced  concrete 
towers  which  have  been  constructed  in  the  form  of 
framework  or  skeleton  towers.  It  was  not  advisable 
to  obstruct  the  valley  too  much  by  falsework,  as  the 
-scaffolding  is  exposed  to  danger  from  floods  when  the 
snow  melts  and  the  two  mountain  brooks  which  join 
just  on  the  bridge  site  carry  down  enormous  masses 
of  water  and  pebbles.  Scaffolding  of  uprights  was 
out  of  the  question  and  the  tower  system  only  was 


Fig.    1— Arch    Centering    for    Reinforced    Concrete    Viaduct.     L.ingwie».    Switzerland. 


crosses  over  to  the  left  side  of  the  valley  to  Arosa,  at 
an  altitude  of  1,742  meters. 

The  lack  of  suitable  building  material  and  the  diffi- 
culty  of  bringing  heavy  steelwork  to  the  site,  as  well 
as  the  existence  of  good  gravel  and  sand  on  the  spot, 
led  to  the  use  of  reinforced  concrete  for  the  construc- 
tion of  the  viaduct. 

The  bridge  crosses  the  valley  with  one  main  arch 
of  96  meters  clear  span  between  abutments.  The  theo- 
retical rise  between  center  springs  and  center  crown 
of  the  arch  is  42  meters.  On  either  side  of  the  main 
arch  are  a  series  of  four  smaller  openings,  each  having 
a  clear  span  of  14.7  meters. 

The  high  and  slender  pillars  of  the  bridge  are  suf- 
ficiently ela.stic  to  admit  of  the  dilation  of  the  railroad 
slab.  There  are  expansion  joints  at  the  top  of  the 
supporting  double  pillars.  Owing  to  its  great  altitude 
(1,320  meters  above  sea  level),  the  viaduct  is  exposed 
to  extensive  changes  of  temperature,  and  therefore 
the  question  of  expansion  and  contraction  had  to  be 
carefully  considered. 

The  central  span  comprises  two  separate  arch  rings, 
the  thickness  of  which  is  2.10  meters  at  the  crown. 


suitable.  Timber-work  towers  would  have  obstructed 
the  passage  more  than  reinforced  concrete  towers, 
and  furthermore  they  would  not  have  possessed  the 
same  amount  of  stability.  The  substructure  and  the 
foundations  would  in  any  case  have  required  the  use 
of  reinforced  concrete  even  if  timber-work  towers  had 
been  erected,  as  the  driving  of  wooden  piles  was  abso- 
lutely impossible  on  account  of  the  nature  of  the  sub- 
.soil.  which  was  composed  of  coarse  pebbles  intermixed 
with  loose  blocks  of  stone. 

The  total  settlement  of  the  main  arch  had  to  be  re- 
duced to  a  minimum,  and  this  also  was  another  rea- 
son for  using  reinforced  concrete  for  the  towers. 
When  the  central  arch  was  closed  the  arch  centering 
showed  a  total  settlement  of.  roughly,  .'iO  mm.,  inclu- 
sive of  10  mm.  which  occurred  through  the  head  pieces 
of  the  diagonal  struts  cutting  into  the  capping-pieces 
of  the  stringers. 

The  concrete  towers  have  a  height  of  22  meters 
above  the  water  level.  The  huge  fan-centering  re- 
quired over  700  cu.  meters  of  wood.  The  complete 
viaduct  contains  about  250  metric  tones  of  reinforce- 
ment metal. 


.^1 


100 


ENGINEERING     AND     CONTRACTING 


Vol.  50,  No.  5. 


Excess   Lime   Treatment    System 

for  Aberdeen   (Scotland) 

Waterworks 


For  years  the  authorities  in  Aberdeen  hesitated  be- 
tween using  the  unpolluted  waters  of  the  Avon,  which 
could  be  used  without  filtration,  and  the  supply  from 
the  Dee.  Finally  the  greater  nearness  of  the  latter 
prevailed,  and  the  Water  Commission  secured  the 
services  of  Dr.  Houston,  whose  excess  lime  treatment 
was  attracting  considerable  attention. 

Dr.  Houston  advised  the  treatment  of  Dee  water 
with  from  1  to  2  parts  per  100,000  of  lime,  storage  for 
about  one  week,  artificial  carbonation,  if  required,  and 
finally  sand  filtration. 

A  plan  of  the  installment  works  for  taking  advan- 
tage of  the  excess  lime  process  is  showm   in  Fig.   1. 


and  thence  to  slow  sand  filters,  where  a  proportion  of 
the  added  lime,  since  precipitated,  is  strained  out 
again.  The  experiment  of  the  excess  lime  treatment 
has  been  most  satisfactory. 


A  Welsh  Surveyor's  "Salary"  Four  Pence 
a  Day! 

The  Narberth,  Carmarthenshire,  Urban  District 
Council  considered  at  their  last  meeting  the  resigna- 
tion by  Mr.  W.  G.  Mathias  of  the  post  of  surveyor. 
On  being  asked  for  his  reasons  for  tendering  his 
resignation  Mr.  Mathias  replied  that  they  were  three 
in  number,  viz.:  (1)  That  the  council  did  not  ad- 
vance him  the  necessary  money  to  pay  wages;  he  had 
to  run  over  the  town  to  borrow  money  with  which  to 
pay  his  help.  (2)  The  salary  he  received  for  doing 
all  the  work  pertaining    to    the    office    of    surveyor 


Fig.    1 — Plan    of    Installment    Works   for 


cess    Lime    Treatment. 


As  the  corporation  owned  only  a  small  area  of  land 
and  had  at  that  time  no  powers  to  buy  more,  the  best 
advantage  had  to  be  taken  of  the  space  available,  and 
this  governed  the  shape  of  the  filters.  The  works 
shown  consist  of  a  gauge  basin  where  the  water,  on  its 
way  to  the  settling  reservoir,  passes  over  a  rectangu- 
lar weir,  where  it  is  measured.  During  its  passage 
through  this  basin  the  water  receives  its  dose  of  lime, 
which  has  previously  been  measured  in  a  liming  house 
close  by. 

The  lime  and  water  mixture  is  automatically  meas- 
ured into  the  water  supply  by  means  of  a  water  motor 
which  is  worked  and  governed  by  a  fixed  proportion 
of  the  water  passing  through  the  gauge  basin.  After 
leaving  the  latter  the  water  passes  to  a  reservoir 
which  is  furnished  with  a  helical  baffle  wall  made  of 
reinforced  concrete  6  in.  thick.  This  wall,  by  prevent- 
ing any  possibility  of  short-cutting  of  the  water  from 
the  inlet  to  the  outlet,  ensures  the  full  beneficial  stor- 
age effects  of  the  reservoir  capacity.  The  water,  after 
being  guided  by  the  baffle  wall  to  the  center  of  the 
reservoir,  finds  its  way  out  by  means  of  a  submerged 
concrete  pipe,  through  which  it  flows  to  an  aerator 


amounted  to  only  4d.  (8  ct.)  a  day,  and  there  was  a 
good  bit  of  work  to  be  done.  (3)  There  was  more 
trouble  in  carrying  out  the  work  of  dealing  with  1^2 
miles  of  streets  than  in  dealing  with  101  miles  of 
roads  in  the  rural  district. 

The  surveyor  was  asked  to  withdraw  from  the  meet- 
ing while  the  salary  question  was  considered  in  pri- 
vate. On  his  return  the  chairman  said  the  council 
had  instructed  him  to  ask  Mr.  Mathias  to  allow  the 
wage  question  to  stand  over  until  after  the  war. 


Proportionate  Cost  of  Labor  and  Material  in  Build- 
ing Work. — The  following  table  showing  the  propor- 
tion of  cost  of  labor  and  materials  for  the  various 
items  in  the  construction  of  a  building  is  taken  from 
the  Surveyor  and  Municipal  and  County  Engineer: 

L.;ibor.  Materials, 

per  cent.  per  cent.  . 

Excavating                                                  90  10 

Concretinsj    .  .                            17  S3 

Drain  layins   33  67 

Bricklayinf,'     30  "0 

Mason    worli     R"*  •'^n 

Carpenter    work     : 30  70 

Plumbing     .   ''S  7!) 

Plastering     i-'o  40 

Smitliin'.;  and   foundry  work    ....                             M)  70 


(4) 


luh 
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The  Economics  of  Ladder  Dred- 
gers and  Steam  Hoppers 

By  HAROLD  BERRIDGE. 


Information  relating  to  dredging  operations  and 
appliances  is  rarely  complete,  many  items  essential 
for  the  purposes  of  comparison  being  omitted,  while 
statements  as  to  costs  are  often  misleading.  Clearly 
*he  true  cost  of  dredging  cannot  be  arrived  at  by  di- 
viding the  working  costs  for  a  month  or  two  by  the 
output,  as  general  overhauls,  interest  on  capital, 
sinking  fund  charges,  and  idle  time  must  all  receive 
consideration.  No  two  work.^  are  carried  out  under 
exactly  similar  circumstances,  and  among  the  vary- 
ing factors  may  be  named  price  of  fuel,  hardness  of 
dredged  materials,  distance  of  transport,  regularity 
of  employment,  and  the  presence  of  tidal  currents 
of  ever-varying  velocities,  while  in  addition,  even  if 
the  machines  compared  were  of  equal  efficiency,  it  is 
e.xtremely  likely  that  the  officers  and  crew  in  one 
case  would  be  better  than  in  another.  Thus  the  in- 
formation most  frequently  given,  namely,  the  cost 
per  unit  output,  is  really  of  very  little  value  as  com- 
pared with  that  showing  the  cost  of  working  the  ma- 
chine per  unit  period  coupled  with  some  indication 
of  the  amount  of  lost  time. 

The  difficulties  are  enhanced  by  the  numerous  dis- 
crepancies that  appear  in  printed  matter  concerning 
dredgers,  and  an  error  may  easily  creep  in  through 
the  builder's  custom  of  giving  the  speed  in  miles  per 
hour,  while  in  the  case  of  all  other  vessels  the  unit 
is  the  knot. 

The  author  has  confined  his  attention  to  ladder 
dredgers,  but  claims  that  his  methods  of  effecting 
comparisons,  as  laid  down  in  the  tables,  are  applica- 
ble to  all  types. 

The  cost  of  dredging  may  be  divided  under  two 
main  heads: 

A.  Standing  Charges. 
(a)   Establishment. 
th)   Stores. 

(c)  Repairs. 

(d)  Depreciation  and  Insurance. 

B.  Fuel. 

Standing  Charges. — The  charges  under  this  head, 
unlike  those  under  Fuel,  do  not  vanish  even  when  the 
plant  is  laid  up,  and  in  no  case  do  they  diminish  pro 
rata  with  the  work  done. 

A  dredging  plant  is  rarely  worked  to  its  full  ca- 
pacity; in  many  places  the  work  is  seasonal,  in  which 
case  advantage  is  taken  of  the  idle  season  to  effect 
m.ajor  repairs,  sometimes  necessitating  a  long  sea 
voyage  to  reach  a  graving  dock.  (See  Table  I.)  In 
the  case  of  contractors*  plants,  the  work  is  made  as 
continuous  as  possible,  the  special  repairs  being  de- 
layed, if  at  all  possible,  until  the  end  of  the  job. 

As  regards  the  sub-headings : 

Establishment. — It  is  found  that,  whether  the  crews 
are  European  or  native,  the  total  cost  will  be  much 
the  same,  the  lower  rate  of  pay  of  natives  being  off- 
set by  their  lower  efficiency.  The  dredging  master, 
mate,  chief  and  second  engineer  are  almost  invariably 
Europeans.  In  cases  where  a  special  shore  staff  is 
provided,  the  dredging  plant  must  of  course  bear  its 
proportion  of  the  cost.  In  work  carried  out  under 
contract,  where  the  e.\act  cube  can  be  arrived  at,  a 
moderate  bonus  can  be  given  and  will  produce  good 
results;  but  where  departmental  work  is  concerned, 


when  upkeep  merges  into  improvements,  the  output 
i.-i  .so  difficult  to  check  that  a  bonus  is  open  to  abuse. 

Stores.— The.se  can  be  economized  by  purchasing  the 
I.est  quality  obtainable,  and  by  putting  both  deck  and 
t  ngine  room  on  allowance. 

Repairs. — These  are  best  carried  out  at  the  contrac- 
tor's own  workshop,  since  time  is  of  such  paramount 
importance,  as  shown  by  the  fact  that  the  standing 
charges  of  a  750-cu.  yd.  hopper  dredger  amount  to  no 
less  than  £2  per  hour. 

Depreciation  and  Insurance. — The  word  depre- 
ciation is  used  in  its  widest  sense,  and  includes  in- 
terest and  sinking  fund.  The  two  items  together 
constitute  :i  most  important  disbursement,  often 
anii'unting  to  30  per  cent  on  the  total  cost  of  dredg- 
ing; thus  any  statements  of  working  costs  in  which 
these  items  are  ignored  are  comparatively  valueless. 
At  Swansea  the  depreciation  is  reckoned  as  equal 
to  half  the  working  costs,  a  figure  which  is  confirmed 
by  Mr.  W.  H.  Wheeler,  M.  Inst.  C.  E.,  from  experi- 
ence elsewhere. 

As  regards  capital  costs,  a  cheap-built  dredger 
with  a  life  of  10  years  may  work  just  as  economically 
as  one  of  twice  the  durability,  and  it  may  pay  to  buy 
such  plant  and  write  off  its  low  cost  during  the  job 
it  was  bought  for.  The  life  of  a  dredger  built  sub- 
stantially by  a  good  firm  may  be  taken  at  20  years; 
the  hull  and  machinery,  if  reasonably  well  kept  up, 
being  capable  of  wearing  out  two  sets  of  boilers, 
which  latter  frequently  suffer  unduly  through  care- 
lessness of  the  fireman  in  quenching  their  hot  ashes 
in  contact  with  the  front  plate. 

Insurance.— The  insurance  premium  averages  2 
per  cent  per  annum  on  the  capital  value  of  the  plant, 
and  care  should  be  taken  to  provide  in  the  policy  for 
a  rebate  during  unemplojTnent. 

In  the  generalizations  which  follow  the  author  has 
made  these  assumptions: 

(1)  That  the  vessel's  life  is  20  years,  and  thus  8 
per  cent  per  annum  is  required  for  sinking  fund  and 
5  per  cent  per  annum  interest. 

(2)  That  insurance  was  at  the  rate  of  2  per  cent 
per  annum. 

(3)  That  the  year  contains  3,000  working  hours. 

(4)  That  of  coal  costing  £1  per  ton,  2  lb.  is  required 
for  each  I.  H.  P. 

Fuel. — This  is  usually  only  a  small  fraction  of  the 
co.st  of  dredging,  but  the  power  absorbed  by  friction 
is  anything  from  50  to  70  per  cent  of  the  total  work 
done.  In  estimating  the  actual  foot  pounds  of  work 
done  by  a  dredger,  the  weight  of  earth  in  air  multi- 
plied by  the  height  from  dredging  level  to  top  tum- 
bler is  usually  all  that  is  considered,  whereas  with 
the  material  is  a  large  quantity  of  water,  a  great  deal 
of  which  leaks  away  before  the  top  tumbler  is 
reached.  As  against  this,  however,  must  be  set  the 
difference  due  to  diminished  weight  of  the  dredged 
material  being  partially  water-borne.  Then,  again, 
no  account  is  usually  taken  either  of  the  resistance 
offered  by  the  material  to  cutting,  or  the  trailing  of 
possible  three  or  four  buckets  along  the  rough  bot- 
tom— items  incapable  of  an>-thing  better  than  being 
guessed  at.  The  amount  of  water  lifted  may  be  taken 
as  2-5  per  cent  if  the  material  delivered,  a  figure 
which  may  be  multiplied  by  four  under  ordinary  work- 
ing conditions. 

Weight  of  Material  Dredged. — As  regards  the 
weight  of  the  material  dredged,  it  has  become  almost 
customary  to  take  this  at  112  lb.  per  cubic  foot,  but  in 
estimating  the  work  done  some  nearer  figure  should 
he  procured,  as  the  material  may  vary  between,  say. 
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96  lb.  for  mud,  113  lb.  for  sand,  and  128  lb.  for  clay. 
Taking  the  weight  of  a  cubic  foot  of  sea  water  as  64 
lb.,  and  characterizing  by  the  letter  D  the  depth  be- 
low the  surface  of  the  dredged  bottom,  by  H  'the 
height  of  the  top  tumbler  above  water,  by  Q  the  cubic 
feet  of  dredged  material  brought  up  per  minute,  the 
power  required  above  water  is  given  in  all  cases  as 
Q  W  (1.25H)  on  trial  trips  and  Q  W  (2H)  in  work- 
ing conditions,  whereas  the  power  used  in  raising  the 
materials  below  the  water,  varying  with  the  density 
of  the  particular  material,  would  be  in   the  case   of 

(96— 64\ 
) 
96     / 
QWD 

or for  mud,  and  adopting  the  same  reasoning 

3 

3  QWD 

for  sand  weighing  112  lb.  per  cubic  foot and 

7 
QWD 

for  clay,  figures  which  are  independent  of  the 

2 
conditions  of  working.    Thus,  for  what  may  be  called 
the  "estimated  HP,"  the  following  formulas  are  ob- 
tained: 

Material.  Trial    trips.  Working    conditions. 

D  D 

Mud     QW   (1.25H  + )  QW  (2H  H ) 

3  3 

3D  3D 

Sand     QW   a.25H  H )  QW   (2H  H ) 

7  7 

D  D 

Clay     QW   (1.25H  -i 1  QW   (2H  h 1 


The  units  of  a  pound  and  a  foot  being  used,  the 
figure  obtained  by  each  respective  formula  when  di- 
vided by  33,000  will  give  a  horse  power  unit,  which 
can  be  used  for  purposes  of  comparison,  and  to 
which  the  author  has  applied  the  name  of  "estimated 
HP." 

The  results  obtained  by  applying  the  formula  to 
various  dredgers  show  that  if  unity  is  taken  as  the 
"estimated  HP.,"  the  I.  HP.  required  in  the  case  of 
mud  is  3.5,  in  the  case  of  ordinary  clay  5.1,  in  that 
of  clay  with  stones  and  boulders  6.8,  and  in  that  of 
hard  compace  red  sand  7.8. 

Coal  Consumption  (all  purposes).— Inasmuch  as 
the  average  output  of  a  dredger  under  work- 
ing conditions  is  somewhere  between  20  per 
cent  and  30  per  cent  of  the  nominal  capac- 
ity of  the  bucket-chain,  a  figure  obtained  at 
Aden  while  dredging  nearly  2,000,000  cu.  yd. 
and  confirmed  by  the  Italian  experiments,  it  fol- 
lows that  a  great  deal  of  coal  is  wasted  in  turning 
round  the  gear  and  lifting  water,  while,  in  addition 
to  this,  a  very  large  quantity  is  accounted  for  by  the 
auxiliary  machinery,  such  as  winches,  pumps,  evap- 
orators, and  electric  light.  With  hopper  dredgers  the 
coal  consumed  in  auxiliaries  is  much  greater  even 
than  in  the  case  of  fixed  dredgers,  as  slipping  and 
picking  up  mooring  and  hoisting  ladders  have  to  be 
carried  out  in  addition.  Then  again,  in  hopper 
dredgers  one  of  the  twin  engines  alone  is  used  for 
dredging,  and  this  at  about  half  power,  while  as  re- 
gards the  other  engine  and  boiler,  steam  has  to  be 
kept  on  the  latter,  and  the  former  has  to  be  warmed 
up  at  each  trip. 


TABI^E    I.— SHOWaNG    OCCUPATION    OF    PLANT. 


-Hours    per    annum. 


1 1 

fflS 

Mermaid     Aden    H 

Famagusta    Aden   ...    H 

Newport    .\den   H 

Shunkal  (1  and.  2) Osaka     H 

Asanagi  and  Yunagi Osaka     B 

Octopus    Bombay     B 

Kuphus     Bombay     H 

Percy    Sanderson Sulina   Danube H 

Kamafull   I Chittagone   H 

•Includes  repairs  and  other  delays. 

TABLE    II.— SHOWING    STANDING   CHARGES.    £    PER   HOUR. 

LADDER    HOPPER-DREDGERS. 

Formula: — Standing  charges   =  f  (0.65  +  0. 00236c)  when  capacity 

of   hopper   —   cubic   vards    (c). 

Total 
.^X  standing 

oS  charges. 


949 
2.910 
4.360 
1.915 
1.682 
1.245 
1.002 
908 
956 


0 

a 

494 

785 

1,296 

540 

840 

275 

1.040 

1,230 

5  S§ 

O  Hx: 

432  2.660 

4,740 

B.200 

1.193  4,420 

1.838  4.570 

2,335 

1.991 

2,609 

1,719 


01  '^ 

0^ 
268 
274 
320 
263 
245 
221 
197 
151 
175 


Av.    7   years. 

1%    years. 

1  1/12  years  working  as  B. 

Av.   3%  years  working  as  B. 

Av.   6Vt  years. 
1909-10. 
1909-10. 
Av.  6  years. 
Av.  4  years. 


TABLE    IV.— STEAM    HOPPER    BARGES.      STANDING 

CHARGES   f  PER  HOUR. 

Formula:— Standing    charges    =    0.061    4-    0.00168c,    when    capacity 

of  hopper  =  cubic  yards   (c). 


S'O  as  g  g  S. 

Z-S  ffiS  P  M  K 

Agnes     130  £0.33  £0.05  £0.40 

Shunkal   1   and  2...  445  0.17  0.03  0.31 

Cornwall     490  0.53  0.04  0.40 

Mermaid    740  0.57  0.19  0.67 

Kuphus    740  0.64  0.25  0.79 

Percy   Sanderson...  930  0.62  1.00*  .... 

•Stores,    etc..    and  repairs. 


^o-^Z  Z  ^mBJS'c^ 

e  <  O  1.  Nos.   .508,   66    (Aden)....  £0.30*   ....  £0.02  £0.08  £0.40 

£0  33     £1.11     £0.96        2.  Curlew     0.12     0.07     0.14     0.25     0.58 

0  98       1.49       1.70        3.  Mudlark     0.12     0.06     0.17     0.25     0.60 

0  80       177       1.81       4.  Snipe    0.12     0.07     0.17     0.25     0.62 

086       2.29       2.40        5.  Gull     0.27     0.11     0.25 

0.86       2.54       2.40        6.  Heron    0.24     0.10 

1.07      2.69       2.85       7.  LC.C.   Sludge  Steamers  1.36*   

•Wages  and  stores. 


5i; 

£0.48 
0.57 
0.57 
0.57 
1.32 
1.32 
2.24 


TABLE  III —SHOWING  COST  OF  DREDGING  BT  STATIONARY   DREDGERS. 


Asanagi  and  Yunagi 

Toredo    

Delta    

Hartley    

Octopus    1.0 


Coal. 
Lbs. 
per  hour. 
180 
398 


7.350 
18,650 
36,000 


Depre- 
ciation. 
£per 
annum 
735 
1,865 
3,600 

3,530 

(6) 


Depreciation 

(3,000   working 

hours  during 

year). 

£  per  hour. 

0.24 

0.62 

0.60 

1.18 


Wages. 

Stores. 

Repairs 

£  per 

£  per 

£  per 

hour. 

hour. 

hour. 

0.05 

0.02 

0.09 

0.48 

0.16 

0.65 

297 
297 
297 
740 
740 
1.300 


Coal. 

Total 

£per 

£  per 

hour. 

hour. 

0.08 

0.48 

0.17 

2.08 

3.75 

July  31.  i<ns. 
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Both  in  the  case  of  fixed  and  of  hopper  dredgers, 
some  considerable  time  is  lost  on  each  cut  when  re- 
versing the  direction  of  traverse,  a  loss  which  is,  of 
course,  proportionately  reduced  as  the  length  of  cut 
is  increased.  In  order  to  effect  this  economy,  certain 
Dutch  and  Canadian  dredgers  use,  instead  of  a  head 
chain,  a  long  wire  rope  buoyed  in  such  a  way  as  to 
keep  it  form  resting  on  the  bottom.  With  this  ar- 
rangement the  length  of  cut  can  be  as  much  as  750 
ft.,  or,  say,  three  times  that  possible  when  a  chain 
is  used. 

As  regards  actual  coal  consumtion,  about  22  lb. 
of  coal  is  burnt  per  "estimated  HP.."  hopper  dredgers 
burning  rather  more  and  fixed  dredgers  rather  less. 
If  the  "estimated  HP."  be  multiplied  by  the  factors, 
it  follows  that,  even  when  working  in  clay,  the  aux- 
iliaries use  as  much  coal  a.'<  the  dredging  itself. 

The  power  required  to  propel  hopper  dredgers  is 
of  course  ven,-  high,  and  depends  so  much  upon  the 
special  boat  and  the  cleanness  of  the  hull  that  little 
useful  information  can  be  given;  but  the  author  con- 
fesses some  doubt  whether  any  real  economy  is  gen- 
erally secured  by  fitting  triple-expansion  engines  hav- 
ing regard  to  the  enhanced  initial  cost  and  the  in- 
creased weight  to  be  transported,  to  say  nothing  of 
the  maintenance  of  additional  moving  parts  and  the 
wear  and  tear  due  to  the  higher  temperatures  and 
pressures. 

Comparison  of  Barge  Loading  and  Hopper  Dredges. 
— No  definite  opinion  can  be  given  upon  the  vexed 
question  of  whether  barge  loading  lor  hopper  dredgers 
are  the  most  economical,  as  the  whole  question  de- 
pends upon  the  particular  site.  In  an  exposed  place, 
with  a  short  transport,  clearly  the  hopper  dredger 
would  have  the  advantage;  but  under  shelter,  par- 
ticularly if  the  material  is  free  working,  the  fixed 
dredger  with  attendant  hoppers  would  prove  the  bet- 
ter tool.  The  conditions  favorable  for  one  or  the  other 
method  of  dredging  appear  to  be  as  follows: 


HOPPER   DREDGER 
Malntcnanre   work   and   gradual 

development      of      port:      not 

limited  by  time. 
Moderate   output. 
Short    transport,    say.    under    10 

miles. 
Hard   or  variable   material. 
Exposed  po.sitlon. 


FIXED    DREDGER    AND 
BARGES. 
Special  work  limited  by  time. 


I.arse  output. 

Long    transport,     say.     over    10 

miles. 
I'niform    soft    material 
Sheltered    position. 


Reinforced    Concrete    Base    for 
Pavements  in  Sheffield 

Thf  .Survrjur  ami  Munlcl(j4>l  >n<l  County   EnKln««r. 

Sheffield  has  had  little  difficulty  with  the  concrete 
foundations  of  its  street  pavements.  Perhaps  the  fact 
is  due  to  the  nature  of  the  concrete,  which  is  generally 
broken  grit-stone  or  brick,  very  angular  and  absorbent. 
In  two  cases,  however,  several  thousand  yards  of  re- 
inforced cement  base  have  been  laid  and  have  been 
used  with  excellent  results. 

A  section  of  road  in  Hereford  St.  had  to  be  broken 
up  to  lay  a  storm-water  sewer.  A  trench  8  ft.  to  9  ft. 
wide  and  about  H  ft.  deep  was  excavated.  It  wa« 
necessary  to  repave  at  the  earliest  opportunity,  and 
^s  it  was  certain  that  subsidence  would  result  unless 
.special  measures  were  taken,  it  was  decided  to  use  re- 
inforced concrete  with  an  asphaltic  surface  instead  of 
replacing  the  old  setts. 

The  average  thickness  of  the  concrete  was  9  in. 
The  material  used  was  about  7'^  parts  broken  stone 
and  sand  to  1  part  cement,  and  the  work  was  carried 
out  in  accordance  with  the  instructions  of  the  B.  R.  C. 
Co.,  which  was  undoubtedly  the  cheapest  practicable 
way  of  repaving  this  street.  The  weight  of  traffic 
amounts  on  an  average  to  about  954  tons  a  day,  in- 
cluding about  30  motor  lorries  and  trailers  and  an  oc- 
ca.^ional  traction  engine. 

The  second  piece  of  reinforced  concrete  roadway 
was  laid  under  far  more  severe  conditions  in  Atter- 
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Working  Costs  of  Municipal    Motor  Ash 
Trucks  at  Nottingham,  England 

The    Surveyor   an.l    .Muiucipal    aiitl    r,,iiniy    i:MKin.'.?r>. 

Mr.  John  Tern,-,  cleansing  superintendent  of  Not- 
tingham, presented  to  the  Corporation  Wharf  Com- 
mittee the  following  statistical  information: 

WORK    DONE    BY   THREE   MOTORS   TO   FEB.    10.   1917.    FRO.M 
OCT.   16.  1915:  MARCH  11.  1916,   AND  DEC.  9.   1916. 

£.       «.     d. 

JJa8e»     792     12       5 

Operating   cost    416     ig       2 

Total     1,209     10     ~7 

Dry  ashes  removed    5.S08  tons 

Average  cost  per  ton  by  motor  4s  4.7d 

AveraBe  cost  by   horses    5s  1.34d 

FIVE  WEEKS  ENDING  MARCH   17.  1917. 

Four  motors. 

„  £.       ».     d. 

WaROH     134       7       2 

Operating    costs     64     12       3 

Total     198     19       S 

Dry  nshes  removed   964  tonii 

Cost    per   ton    4s  1.4d 

Working  costs  include  depreciation,  10  per  cent;  in- 
surance, £8  10s.  per  year;  repairs,  £20  per  year;  cur- 
rent, IVjd.  per  unit;  tires,  l.ld.  per  mile. 

(7) 


Section    of    Roadway,    Attercllffe    Common,    Sheffield. 

clifTe  Common,  Sheffield.  Here  an  enormous  amount 
of  heavy  traffic  passes  to  and  fro  between  some  of  the 
largest  and  most  important  steel  works  for  which 
Sheffield  is  famous.  Excluding  tramcars,  of  which 
there  are  approximately  1,300  a  day,  more  than  2,200 
vehicles  pass  over  this  street  daily;  500  of  these  are 
heavy  motors. 

During  the  week  in  which  the  census  was  taken 
over  400  rubber-tired  lorries  with  an  average  weight 
of  6  tons  each  passed  along  the  street,  and  about  120 
steel-tired  lorries  weighing  10  tons  each.  On  this 
basis  the  total  weight  of  traflic  passing  over  the  street, 
excluding  tramcars,  was  6,369  tons  daily,  according  to 
the  Road  Board  formula,  but  actually  much  more.  The 
carriageway  is  12  yd.  wide;  therefore  the  average 
weight  per  yard  of  width  works  out  at  over  500  tons. 

A  part  of  the  margin  of  this  old  granite-paved  road 
had  to  be  relaid  and  a  sewer  laid  along  the  edge.  The 
drainage  work  was  done,  and  two  months  later  the  sec- 
tion was  repaved. 

In  this  case  the  reinforcement  was  laid  on  the  top 
of  the  old  concrete,  spanning  the  sewer  trench  as 
shown  in  Fig.  1.  The  average  thickness  of  the  con- 
crete was  10  in.  and  the  proportions  5  parts  broken 
stone  and  sand  to  1  of  cement.  The  new  wearing 
surface  is  asphaltic.  After  12  months  of  use  there 
is  no  sign  of  subsidence. 

The  initial  cost  is  less  than  either  granite  or  wood 
paving,  and  to  renew  the  wearing  surface  is  a  cheap 
and  easy  matter.  Such  paving  is  ver>-  clean  and  easily 
swept;  there  is  no  noise  during  the  passage  of  either 
steel  or  rubber-tired  lorries,  and  vibratiim  is  entirely 
absent. 
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Corrosion    of    Steel   Wharves  at 
Kowloon  and  Method   of  En- 
casing Members  in  Concrete 

Proreedinss  Institution  Civil  Enffineerinpr;  Alistract  of  a  paper 
read    by    Mr.    S.    H.    Ellis    before    the    Institution. 

The  wharves  were  constructed  in  1907-09,  and  are 
situated  on  the  mainland  side  of  Hong-Kong  Harbor, 
at  the  southwestern  corner  of  the  Kowloon  promontory 
They  belong  to  Messrs.  Holt  &  Co.  of  Liverpool,  the 
ships  of  whose  "Blue  Funnel"  line  of  steamers,  of  a 
capacity  of  6,000  to  10,000  tons,  use  No.  1  wharf  for 
discharge  and  loading.  Wharves  No.  2  and  3  serve 
lor  lighters,  native  craft,  and  an  occasional  small 
coasting  steamer. 

In  1906,  in  connection  with  the  reconstruction  of  a 
wharf,  an  examination  was  made  of  some  steel-joist 
piles  which  had  been  in  place  about  4  years,  and  they 
were  found  to  be  corroded  in  a  curious  and  rather 
alarming  manner. 

Any  steel  immersed  in  sea-water  at  Hong-Kong  be- 
comes quickly  coated  with  barnacles  and  other  shell- 
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Fig.   1 — General   Plan   of   Wharves  at   Kowloon. 

fish,  and  with  a  dense  vegetable  growi;h,  particularly 
from  near  the  surface  of  the  water  to  15  ft.  or  so  be- 
low it.  It  had  been  an  accepted  theory  that  this 
growth  protected  the  metal  and  prevented  rusting.  On 
scraping  away  the  growth  from  a  pile  of  the  wharf 
examined,  however,  it  was  found  that  a  large  num- 
ber of  pits  had  formed  in  the  surface  of  the  steel, 
varying  in  size  up  to  IV^  in.  diameter,  and  %  in.  deep. 
They  were  full  of  a  black  carbonaceous  powder,  which 
was  also  found  in  a  thin  layer  on  the  surface  of  the 
unpitted  steel  (though  no  rust  or  scale  could  be  ob- 
served there),  and  which,  on  exposure  to  the  air 
turned  to  a  dark  red  color.  This  powder  was  found 
to  be  sulphide  of  iron  (F^S),  and  its  change  of  color  to 
be  due  to  oxidation.  Apparently  some  particular  shell- 
fish or  other  marine  growth  attached  to  the  piles  pro- 
duces large  quantities  of  sulphuretted  hydrogen  when 
dead  and  decaying.  This  sulphuretted  hydrogen  at- 
tacks the  metal  with  an  accentuated  action  in  certain 
spots. 

The  author  examined  at  that  time  some  steel  piles 
of  an  H-iron  pattern,  which  had  been  in  place  only  3 
or  4  years,  and  estimated  that  10  per  cent  of  the  metal 
was  eaten  away  in  some  sections,  chiefly  in  the  form 
of  pitting. 

The  destructive  effects  of  the  marine  growth  appear 
to  be  confined  to  the  part  between  low-water  level  and 
15  ft.  below  it,  the  zone  of  worst  corrosion  extending 
from  5  ft.  to  10  ft.  below  low-water  level. 

As  a  result  of  his  inspection    the    author  recom- 


mended that  the  piles  and  lower  bracing  of  the  main 
(No.  1)  wharf  should  be  encased  in  cement  concrete 
and  it  was  eventually  decided  to  encase  the  whole  of 
this  structure,  leaving  the  other  wharves — Nos.  2,  3, 
and  that  fronting  the  Praya  Wharf — with  bare  steel, 
which  was  painted  with  anti-corrosive  composition  on 
erection. 

The  method  adopted  in  encasing  the  piles  of  No. 
1  Wharf  was  th«  following:  The  piles — 12-in.  by  12- 
in.  8-lb.  joists  in  single  unspliced  lengths  up  to  78  ft. 
— were  first  driven  with  an  ordinary  pile  driver. 
Welded-steel  cylinders,  20  in.  in  diameter  inside,  with 
metal  V4  in.  thick,  were  then  dropped  over  the  piles 
and  tapped  down  into  the  mud  with  an  8-cwt.  wooden 
hammer.  The  face  row  of  piles,  being  driven  in  close 
pairs,  were  enclosed  in  cylinders  3  ft.  in  diameter, 
built  up  of  %-in.  steel  plates  with  riveted  joints.  A 
depth  of  4  ft.  to  15  ft.  of  the  bottom  of  each  cylinder 
(according  to  its  depth)  was  then  filled  with  1:1:4 
Portland-cement  concrete,  lowered  down  through  the 
water  in  metal  hopper-boxes,  and  when  this  had  set 
the  cylinders  were  pumped  dry  at  low  water  and  filled 
with  concrete  thrown  in  and  rammed  in  place. 

The  wharf  superstructure  was  coated  with  con- 
crete by  encasing  each  member  in  temporary  wooden 
moulds. 

A  minimum  cover  of  21/2  in.  was  provided  to  the 
steel  throughout,  the  concrete  being  of  Portland  ce- 
ment of  standard  quality,  sand,  and  granite  broken  to 
pass  a  34  in.  ring,  in  the  proportion  of  1:2:4  by  meas- 
ure, mixed  by  hand. 

In  July,  1913,  there  were  obvious  indications  of  cor- 
rosion on  the  surface  of  the  concrete.  Most  of  the 
diagonal  members  had  developed  longitudinal  cracks 
— all  the  cracks  having  formed  in  line  with  the  outer 
edges  of  the  channels  of  which  the  various  members 
were  built  up. 

Thorough  examination  of  the  whole  structure  re- 
vealed that  above  high-water  level  corrosion  appeared 
to  have  gone  on  almost  unchecked  by  the  presence  of 
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Fig.  2— Cross  Section   of  Wharf   No.   1   on   AA    (Fig.   1). 

the  concrete  covering,  and  a  thickness  of  about  1/16 
in.  of  rust-scale  was  found  on  all  the  steel. 

Although  the  workmanship  was  not  everywhere 
good,  the  author  was  forced  to  the  conclusion  that 
even  when  perfectly  encased  in  a  2y2-in.  covering  of 
sound,  homogeneous  concrete,  the  steel  was  not  pro- 
tected against  the  effect  of  excessively  damp,  salt  air 
in  that  climate. 

The  limit  of  serious  rusting  may  be  taken  as  high- 
water  of   neap-tides;   below  that  level   the   corrosion 
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diminished  rapidly  down  to  mean-tide  level,  and 
there  it  practically  disappeared.  The  lower  bracing 
members  of  the  wharf  were  all  found  to  be  entirely 
unaffected  by  corrosion. 

The  author  concludes  that  while  steel  protected  by 
concrete  has  little  or  no  tendency  to  corrode  if  it  be- 
comes thoroughly  wet  twice  in  the  24  hours,  yet  when 
it  is  e.xposed  to  air  rendered  constantly  damp  by  the 
evaporation  of  sea-water,  especially  in  a  tropical  cli- 
mate, some  other  external  coating  must  be  sought  for. 

Steelwork,  both  exposed  and  embedded  in  concrete, 
in  warehouses  on  the  same  property  is  not  thus  af- 
fected. Neither,  in  the  author's  experience,  does  the 
evaporation  from  fresh  water  affect  steel  embedded 
in  good  concrete. 


Clinker  vs.  Gravel  as  a  Nidus 

By  JOHN  E.  FARMER. 

Till-   .Surveyor   ;iiul    .MuniiliKil   and   fouiilj     KiiKiiim  r. 

The  writer  believes  that  the  cause  of  the  difference 
between  two  materials  when  used  as  a  nidus  is  due 
to  greater  surface  area  rather  than  to  greater  ab- 
sorptive powers. 

To  find  the  purification  afforded  by  clinker  as  com- 
pared with  gravel,  a  filter  was  constructed  in  two 
halves,  one  half  filled  with  clinker  and  the  other  with 
gravel,  and  fed  by  revolving  sprinklers. 

Clinker  was  found  to  give  much  better  results  than 
gravel,  so  various  experiments  were  tried  to  deduce 
the  reason.  The  matter  of  measuring  the  difference 
in  surface  area  presented  difficulties,  but  finally  the 
author  made  use  of  the  principle  that  if  a  solution  of 
known  strength  covers  a  surface,  and  a  known  vol- 
ume of  a  solvent  is  allowed  to  act  on  it,  the  resulting 
solution  will  be  of  a  strength  proportional  to  the 
amount  of  the  substance  covering  the  surface. 

If  a  known  volume  of  clinker  is  soaked  in  a  known 
strength  of  salt  solution,  on  drawing  off  the  excess  a 
certain  amount  remains  on  the  surface,  and  also  an 
amount  held  by  i-apillary  attraction  between  the  dif- 
ferent particles.  If  a  known  volume  of  water  acts  on 
this,  and  the  salt  is  estimated,  the  amount  of  salt 
added  to  the  water  must  be  proportional  to  the  area 
of  the  surface  covered  with  the  salt  solution  plus  that 
held  by  capillary  attraction.  But  the  amount  absorbed 
by  the  material  had  to  be  taken  into  account,  so  the 
following  procedure  was  followed :  a  known  volume 
of  material  of  known  grade  is  allowed  to  soak  for  48 
hours  in  a  salt  solution  of  such  strength  that  1  cc.  = 
10  millegrammes  chlorine.  The  salt  solution  is  then 
drawn  off  without  disturbing  the  material,  allowed 
to  drain  20  minutes,  and  the  same  volume  of  water 
as  that  of  the  drawn-off  salt  solution  is  added,  allowed 
to  remain  10  minutes,  drawn  off,  refilled  again  and  im- 
mediately drawn  off,  allowed  to  drain  20  minutes,  and 
the  amount  of  chlorine  estimated  in  the  solution.  This 
estimation  gives  the  volume  of  salt  solution  on  the 
surface  of  the  material,  and  also  that  held  by  capil- 
lar>-  attraction.  To  estimate  the  absorbent  powers  of 
material,  a  volum^  of  water  eiiual  to  that  obtained 
from  the  last  running-off  is  added,  allowed  to  remain 
48  hours,  when  it  is  drawn  off  and  the  chlorine  esti- 
mated. The  author  included  under  the  name  "surface 
retention"  both  surface  and  capillary  retention,  and 
considers  that  they  give  a  truer  index  of  the  quali- 
ties of  the  material  for  filtration  purposes  if  taken 
together. 


when 


The  formula  to  obtain  in  cc.  the  volume  of  the  sur- 
face retention  is — 

a(c— d) 

X  = , 

b— c 
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Th*'  formula  for  obtaining  the  volume  absorbed  is — 
a(e — d)  —  fc 
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same. 

Table  I  shows  the  results  of  experiments  regarding 
the  water  capacity  of  the  interstices,  expressed  as  per 
cent  of  water  capacity.  The  vessel  used  was  circular 
in  plan,  holding  1,500  cc.  If  one  of  much  larger  ca- 
pacity had  been  used,  the  results  would  doubtless  have 
been  much  closer. 

TABUC  I. 

Grade  of  material   ..',i -3/16  In.     3  16-.'.16  In.  5  16-%  In.  S-^i  In. 
-Material,     clinker*...     46.3                    50.6                     •IS  2  4«.« 

.Material,     cllnkert...     49.0  52.1  50.3  50.0 

.Material    gravel    34.2  35.1  34.8  35.7 

•Graded  without  crushing.     tGraded  from  crushed  masses. 

A  given  capacity  will  contain  the  same  total  mass 
of  spheres  providing  that  the  total  diameters  of  a  row- 
equals  the  length  of  the  side  on  which  they  lie.  For 
example,  a  cubic  foot  vessel  will  contain  just  24  '^-in. 
spheres  in  line  on  any  one  side,  or  a  total  of  1.3,824. 
These  spheres  will  take  up  53.36  per  cent  of  the  vol- 
ume, and  the  same  percentage  of  volume  is  taken  up 
by  1-in.  or  3-in.  spheres. 
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Utilization  of  Coal  Slack  as  Fuel 

I'oncrele  and  Conslructinnal   Knj;ineerlnk- 

Coal  slack  or  coal  dust  is  to  be  found  in  nearly 
every  household.  It  is  generally  used  to  bank  a  fire, 
burns  dull,  much  of  it  drops  through  the  grate,  and  is 
so  unsatisfactory  that  one  often  pays  to  have  it  re- 
moved. No  more  waste  of  coal  slack.  Buy  a  small 
quantity  of  Portland  cement,  then  add  1  part  by  meas- 
ure (not  by  weight)  to  20  parts  of  coal  slack,  mix  very 
thoroughly  in  the  dry  state,  then  add  gently  and  by 
degrees  a  small  quantity  of  water  and  mix  well. 

Care  must  be  taken  not  to  make  the  combination  too 
wet — it  should  just  hold  together  when  squeezed  in 
the  hand. 

It  is  now  ready  to  be  placed  in  a  mould.  An  excel- 
lent one  is  an  ordinary  small  llower-pot,  4  or  5  in.  in 
diameter.  Press  the  mixture  into  this  firmly,  and  it 
can  be  at  once  turned  out  by  inverting  the  pot.  Keep 
in  a  dry,  cool  place  for  5  or  tj  days,  and  it  is  ready  to 
burn,  which  it  will^do  like  an  ordinary  lump  of  coal. 

Alternately  the  mixture  can  be  moulded  in  the  hands 
like  a  snowball,  and  in  a  week  becomes  quite  firm. 

As  a  guide  to  correct  proportions,  a  bucket  meas- 
ure (say,  3  gal.)  of  coal  dust  will  require  115  pints 
of  cement  (i.  e.,  the  ."i-in.  flower-pot  about  three  parts 
filled!  and  about  2'-  pints  of  water. 
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The  236-ft.Damof  Murrumbidgee 
.  Irrigation  Project 

The    Engineer. 

To  mitigate  the  evils  of  drought  in  the  fertile  coun- 
try of  New  South  Wales  the  Government  has  for  years 
carried  on  numerous  and  costly  schemes  of  water 
conservation.  One  of  the  most  important  of  these  is 
the  Murrumbidgee  Irrigation  Project  which  by  a  great 
dam  at  a  place  where  the  Murrumbidgee  River  tra- 
verses a  deep  gorge,  regulates  the  flow  of  the  river 
80  that  a  large  area,  some  of  it  266  miles  away,  is  ef- 
fectually irrigated. 

In  the  mountains  the  rainfall  is  heavy  along  the 
coast,  reaching  60  to  70  in.  in  some  cases,  and  the 
snow  often  remains  all  winter  to  melt  and  escape 
quickly  in  the  spring.  The  watershed  of  the  Murrum- 
bidgee River,  which  is  5,000  square  miles  in  extent. 


rock  at  the  foot  of  the  precipitous  cliffs  forming  one 
side  of  the  gorge,  and  a  temporary  cofferdam  built 
across  the  bed  of  the  stream  above  the  site  of  the  dam 
and  the  water  turned  into  the  channel  by  this  means. 
When  the  debris  in  the  bed  of  the  river  was  removed, 
the  underlying  rock  was  found  to  be  hard  granite,  every 
foot  of  which  had  to  be  blasted  out.  To  remove  this 
and  to  handle  the  material  for  the  dam,  3  Lidger- 
wood  cableways,  made  by  the  Lidgerwood  Mfg. 
Co.,  New  York,  each  with  1,200-ft.  span,  were  stretched 
across  the  gorge  from  traveling  towers  each  33  ft. 
high.  The  cables  had  a  sag  of  60  ft.,  and  an  elevation 
at  the  lowest  point  of  320  ft.  above  the  river.  The 
maximum  working  load  was  15  tons,  lifting  300  ft. 
per  minute  and  traversing  1,200  ft.  per  minute,  the 
operation  being  performed  by  two  70-HP.  direct-cur- 
rent motors.  Four  boilers  (two  stationary  tubular 
set  in  brick  work,  one  locomotive  style  and  one  dry- 
back)  supplied  the  steam  to  three  high-speed  vertical 


Down    Stream    Fa    l-    of    r> 

was  chosen  as  the  most  favorable  catchment.  The 
dam  at  the  gorge  holds  up  the  Murrumbidgee  for  41 
miles,  and  the  Goodradigbee  and  Yass  Rivers  15  and 
25  miles,  respectively.  The  gorge  at  the  dam-site 
narrows  to  such  an  extent  that  only  a  comparatively 
small  outlet  had  to  be  closed. 

The  construction  of  the  dam  was  a  clever  piece  of 
engineering.  The  dam  itself  is  the  highest  in  the 
British  Empire,  and  is  exceeded  only  by  the  Croton 
and  Roosevelt  dams  in  the  United  States.  It  is  236 
ft.  high,  168  ft.  thick  at  the  base,  tapering  to  18  ft. 
at  the  top,  and  about  780  ft.  long  at  the  crest. 

The  difficult  operation  of  getting  out  the  founda- 
tions was  frequently  interrupted,  and  consumed  2 
years.  Once  5  and  10-ton  crane^  were  swept  away, 
despite  lashing  and  heavy  weights,  and  were  carried 
50  miles  down  stream  before  being  recovered.  Even 
when  the  foundation  excavations  were  complete,  work 
on  the  dam  itself  could  be  carried  on  only  in  the 
height  of  summer  when  the  river  was  low. 

The  river  was  diverted  by  cutting  a  channel  in  the 


nbidgee    Dam    Nearing    Completion. 

single-cylinder  engines,  each  of  101  HP.,  which  were 
coupled  to  direct-current  generators  and  designed  to 
give  135  amperes  at  500  volts  and  300  revolutions  per 
minute,  and  to  one  high-speed  vertical  double-cylinder 
engine,  which  drove  a  direct-current  generator  de- 
signed to  develop  300  amperes  at  500  volts  and  250 
revolutions.  The  exhaust  steam  passed  into  another 
locomotive  type  boiler  and  was  used  to  heat  the  feed- 
water.  The  rock  drills  were  supplied  with  air  by  an 
an  Ingersoll-Sergeant  air-compressor,  which  had 
cross-compound  air  cylinders  and  body-type  inter- 
cooler,  and  which  was  driven  by  a  135-HP.  motor.  The 
concrete  mixers  and  cranes  also  were  electrically 
driven. 

The  foundations  obtained  in  the  river  bed  were  ex- 
ceptional for  the  work.  The  foundations  consisted 
of  solid  red  granite,  smooth  and  water-worn  on  the 
surface,  but  cut  in  contour  by  pot-holes,  affording  a 
perfect  key  for  connecting  the  dam  wall  to  the  rock 
foundations.  In  taking  out  the  gullet,  a  trench  10 
ft.  wide  by  6  ft.  deep,  the  rock  was  found  to  be  with- 
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out  defect.  The  greatest  depth  to  which  the  founda- 
tions were  taken  was  to  R  L  948,  which  is  232  ft.  be- 
low top-water  level,  or  244  ft.  below  crest  level. 

In  building  the  cyclopean  concrete  a  system  of 
cruciform  units  with  an  area  of  1,080  sq.  ft.  was 
adopted.  These  units  were  built  to  heights  of  9  ft., 
12  and  15  ft.,  and  were  so  arranged  that  adjoining 
units  broke  joint  both  horizontally  and  vertically. 
The  units  were  built  up  of  heavy  timber  baulks,  and 
concrete  made  with  broken  stone  which  had  passed 
through  a  2-in.  mesh,  was  run  in  to  make  a  bed.  In 
this  concrete  boulders  of  an  average  weight  of  15 
tons  were  bedded.  It  was  found  that  concrete  made 
with  this  stone  enabled  the  plums  to  be  bedded 
with  the  best  results;  it  was  easy  to  handle  and  there- 
fore low  in  cost.  Over  50,000  tons  of  cement  were 
used. 

The  dam  wa.<!  built  with  a  radial  curve  of  1,200  ft., 
having  its  conve.x  face  upstream,  the  length  of  the 
chord  at  the  crest  upstream  being  752  ft.  The  up- 
stream face  of  the  wall  slopes  1  in  20  to  R  L  1132  (184 
ft.  level),  from  which  line  it  is  vertical  to  the  crest. 
The  slope  downstream  has  a  batter  of  2  in  3  to  R  L 
1132;  5.92  in  10  to  R  L  1150.75;  2.64  in  10  to  R  L 
1171.75;  1.02  in  10  to  R  L  1192  (crest). 

The  water  will  be  allowed  to  reach  a  top  storage 
level  at  L  1180  (232  ft.).  The  following  particulars  of 
area  and  depth  of  water  impounded  when  various 
levels  are  reached  on  the  wall  are  interesting.  The 
depths  are  taken  from  off-let  pipes  10  ft.  from  the 
old  river-bed  at  the  dam  wall : 

Available  Area  of 

drpth.  Cubic  feet  .\cre   feet  water  surface. 

Ft                       of  water.  of  water.              Sq.   miles. 

60                          542,912,000  12,464                          1  56 

100  3.9?9.504,000  ■11.587                         4.50 

300  33,3f!0.864,000  766,342                        19.91 

Relative  Efficiencies  of  Blasting  Gelatine 

and  Gelignite,  as  Used  in  Hand-Drill 

Stopes  of  the  Rand  Gold  Mines 

.louriial    Si'Uth    Afri.an     Institute    of    Eiitcineers, 

The  experiments  of  which  the  following  is  a  sum- 
mary were  carried  out  in  the  course  of  an  investiga- 
tion into  the  possibility  of  increasing  the  ore-getting 
capacity  of  a  certain  set  of  mines. 

The  explosives  were  supplied  in  the  ordinary  course 
for  general  mining  purposes.  The  ligdyn  used  was  40 
per  cent,  and  was  manufactured  at  the  dynamite  fac- 
tory, Somerset,  West.  The  blasting  gelatine,  reef  gela- 
tine and  gelignite  were  manufactured  by  the  B  S  A 
Explosive  Co.,  who  give  the  proximate  analysis  and 
comparative  ballistic  strength  as  follows: 

Nltro  Xitro     Am-  Comparative 

Ex-                glv-  i-el-     monlum  Sodium     Wood  ballistic 

gloslve.         cerine.  lulose.    nitrate,   nitrate,     meal.  carb.  strength. 

1    G     92.75           7.25           •„  •••           in»0 

R    G     67.1  3.9             250            ...             4.0  93.2 

Gelig     5C.4  2.5             ....            307           10.3  "1             7..  6 

(1)  In  two  stopes  of  entirely  different  character 
blasting  gelatine  proved  25  per  cent  more  efficient 
than  gelignite  as  an  ore  breaker. 

(2)  The  relative  blasting  efficiencies  of  blasting 
gelatine,  reef  gelatine  and  gelignite  have  been  found 
to  agree  closely  with  the  comparative  ballistic 
strength.^  determined  by  the  ballistic  pendulum 
method  in  the  laboratory  of  the  manufacturers  of 
these  explosives. 

(3)  Forty  per  cent  ligdyn  as  a  primer  reduces  the 
efficiency  of  blasting  gelatine  and  reef  gelatine  to  a 
large  extent,  and  probably  reduces  the  efficiency  of 
gelignite  also. 

(4)  Preliminary  experiments  indic^ite  that  blasting 
gelatine  gives  a  greater  efficiency  with  No.  8  detona- 
tors than  with  No.  6's. 


Costs  of  the  Operation  of  Electric 
Vehicles  in  Municipal  Service 

Mv  S.  L.  I'KARCK. 


The  results  herewith  recorded  were  obtained  by 
the  Manchester  (England)  Corporation  Electricity 
Department  with  a  1-ton  "Edison"  lorr>'  from  April 
1,  1910,  to  April  1,  1917.  The  vehicle  is  equipped  with 
a  3-HI'.  motor  (capable  of  200  per  cent  overload  for 
short  period.'*)  and  a  standard  "Edison"  batter>'. 

I'rln'Mpal   Toialii. 

Week 
day*.     Sundays.     Toul. 

Nuiiu.r.i    .m:ii.s  run 10.376         110  10.48( 

Number  of  iiouri'  In  commlMion t.»U  4S.S  I.OtC.t 

Number  of  Uuvii  In  commission SOS  7  lit 

Number  of  days  out  of  (!bmml.islon 
other  than  Sundays  and  public  holi- 
days             nil. 

Total  cost  for  twelve  months,   exclusive  of  tirrs  and  current: 

£.      s.      d. 

Waues    lis     14     11 

Material    24     16       3 

I'aiiital  charRes  on  the  basis  of  the  flcurea  given  In 

my   report  of  June  21.    1916 124       9       0 


The  first  charge  includes  in  addition  to  the  driv- 
ers' wages,  the  cost  of  the  labor  spent  on  mainte- 
nance and  repairs. 

The  cost  of  material  appears  to  be  rather  high,  but 
it  includes  an  item  of  £6  10s.  for  a  duplicate  set  of 
chains,  which  should  strictly  be  a  capital  charge; 
chain  renewals  would,  of  course,  be  charged  to  run- 
ning costs. 

Other  outstanding  items  are: 

£     8.    d. 

Lubricants     6       7     11 

Faraftln    1       3      0 

Ragi!    1       5     11 

"Ferodo"  brake  llninK  2     IS      2 

Distilled  water   1       7     11 

The  average  miles  per  hour  maintained  during  the 
year  based  on  the  total  hours  in  commission,  and  in- 
cluding all  loading  and  unloading  time,  in  addition  to 
the  actual  hours  on  the  road  were: 
10,486 

= =  3.45  miles  per  hour. 

3,036.5 

Analysis  of  Costs. 
Total  costs  as  above  =  £.625  Os  2d.  =  63,602  pence. 
63,602 

Therefore  cost  per  mile  run  = =  6.07d. 

10,486 
To  this  figure  has  to  be  added  the  cost  of  tires  and 
current.     The  tires  have  now  completed  the  guaran- 
teed "life"  of  12,000  miles,  and  thev  cost  £25  per  set. 

£25  y  240 

The  co.st  per  mile  therefore  = =  0.5d. 

12.000 
The  average  current  consumption    during  the   12 
months,   including  motor-generator  losses,  was  only 
1.08   units   per  mile,   which   at  0.5d   per  unit  =  0.54d 
per  mile. 

The  total  costs  per  mile  run  are  therefore: 

d. 

WaKts  and   capital  charKea.  etc «.0I 

Current    0.M 

Tiros    O.M 

7.11 
And  the  total  costs  for  (ha  year  are: 

(.  a.  d. 

Capital  charges.   Insurance,   etc 124  9  0 

Wnk-rs     lis  14  11 

Mati-rlal    24  1«  S 

(.•urrenl,   in.4S6  mile*  at  O.Si'.                          2S  11  10 

TiriB.  10.4S6  miles  at  O.SOd                             21  1«  11 

3in       S     11 

The  total  cost  of  7.1  Id  per  mile  run  may  now  be  an- 
alyzed rather  more  in  detail. 

The  average  rate  of  driver's  pay  may  be  taken  as 
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approximately  7-V2d.    (15  ct.)    per  hour.      (It  is  now 
considerably    higher.) 

Then  since  the  average  speed  over  the  whole  year 
was  3.45  miles  per  hour, 

7.5 

The  cost  of  driving  = =  2.17d.  per  mile, 

3.45 
The  capital  charges  =  124  9s  0d  =  29,868d. 
And  therefore  the  proportion  per  mile  = 

29,868 

=  2.85d. 

10,486 
The  sum  of  these  two  items,  together  with  the  cost 
of  tires   and  current  =  6.06d.;   therefore    the    dififer- 
ence  between  this  amount  and  7.11d.  obviously  repre- 
sents the   cost   of  maintenance. 

The  complete  analysis  then  becomes: 

Cost  per 
Item.  mile.  d. 

Capital    chargts.    insurance,    and    drivers'    licenses 2. So 

Drivers'    wages    ■ 2.1 1 

Maintenance  of  vehicle  and   battery,   including  lubricants 

(material    0  57.    labor    0.4S) I  Oy 

Current     ".54 

'pjj-^s     0,50 

7.11 

These  figures  are  based  at  41,2  per  cent  and  0.5d.  (1 
ct.)  per  unit  for  current;  but  in  order  to  provide  a  bet- 
ter comparison  with  results  obtained  elsewhere  and 
with  present  day  conditions,  a  set  of  alternative  costs 
has  been  prepared,  based  on  5  per  cent  interest  and  Id. 
per 

d. 

Capital   eharstes,    etc 2.93 

Drivers'   wages    2.17 

Maintenance  (material  0.57d,  labor  0  48d) 1.05 

Current    J-OJ 

Tires     <l-50 

7.73 

This  figure  of  7.73d.  (15.36  ct.)  per  mile  compares 
very  favorably  with  the  cost  of  petrol  vehicles.  It  is, 
moreover,  based  on  annual  capital  charges  amount- 
ing to  £127  16s.  7d.,  or  approximately  18.9  per  cent 
of  the  original  cost  of  the  vehicle.  This  figure  in- 
cludes £10  for  insurance  and  10s.  for  drivers'  licenses. 
The  total  amount  of  the  interest  and  repayment 
charges  is  therefore  £117  6s.  7d.,  and  is  equal  to  17.4 
per  cent  of  the  cost  of  the  vehicle. 

At  4'.'.   per  cent   interest  the  correrponding  amounts  are: 

s       d. 

Total   charges    113     19       0 

Percentage  of  purchase  price 16.86 

Comparison  of  Electric  and  Horse  Costs. 

The  charge  for  a  light  one-horse  lorry  and  driver  is 
taken  at  Is.  6d,  (36  ct.)  per  hour.  An  average  speed 
of  two  miles  per  hour  for  horse  lorries  is  assured. 

On   a   mileage   basis   alone,   therefore,   the   electric 
3.45 

has  been  the  equivalent  of  =  1.73  horse  lorries; 

2 
but  in  addition  there  is  the  further  saving  resulting 
from  the  organization  possible  with  a  centrally-con- 
trolled electric  vehicle.  This  is  represented  by  the 
"Organization  Factor,"  the  average  value  of  which 
for  the  year  has  been  1.58 — i.  e.,  1.58  departments 
have  been  represented  on  every  journey  the  vehicle 
has  undertaken. 

The  electric  should  therefore  be  the  equivalent  of 
1.75  -f-  1.58  =  2.73  horse  lorries;  but  as  the  several  de- 
partments concerned  may  not  have  been  represented 
en  the  whole  of  the  miles  run  per  journey,  and  admit- 
ting the  possibility  of  a  slight  amount  of  organiza- 
tion with  the  horse  vehicles,  this  ration  has,  in  order 
to  be  on  the  safe  side,  been  reduced  to  2.5. 

The   cost  of  the   electric   per  hour  =  3.45 -l- 7.11  = 
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24. 5d.  '49  ct.)  and  on  the  above  basis  the  relative  costs 
per  week  are  therefore : 

£.      s.      d. 

Horse.     58.6  ,x  2  5  x  18d     10     19     10 

Electric-     58.6  x  24.5d     5     19       7 

Saving   due   to   electric 5       0       3 

The  average  hours  per  week  the  vehicle  was  in  com- 

2,988 

mission,  again  neglecting  Sunday....  = =  58.6. 

51 

For  a  working  year  of  51  weeks  the  saving  due  to 
the  electric  =  51  >'  5  =  £255. 

The  first  cost  of  the  electric  vehicle  was  £675  15s. 
The  cost  of  the  equivalent  horse  lorries  has  been 
shown  to  be  equal  to  £11  per  week,  which  for  a  work- 
ing year  of  51  weeks  gives  a  total  of  £561,  and  this 
amfiunt  should  equal  the  reduction  on  the  carting  ac- 
count as  compared  with  the  previous  year — other  con- 
ditions, of  course,  being  equal. 

The  actual  figures  for  the  years  ending  March  31, 
191G,  and  1917,  respectively,  were: 

Year   ending —  £.       s.      d. 

March    31,    1916 1,715     IT     10 

March    31,    1917 1,185       1     11 

Giving  a  reduction  of 530     15     11 

or  roughly,  £531,  which   is   in   very  close   agreement 
with  the  above  estimate. 

When  in  commission  the  "standing"  cost  of  the  elec- 
tric has  been  less  than  that  of  the  horse  lorries.  The 
actual  costs  being — 

Per  hour. 

Horse  lorry  and  driver ISd 

Electric  lorry  and  driver   (2.S5  x  2.17)  x  3.45 17.32d 

In  conclusion,  it  is  obvious  from  the  total  hours 
worked  and  miles  run  that  the  vehicle  has  been  ac- 
tively employed,  with  the  result  that  our  carting 
methods  have  been   revolutionized. 
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Reinforced  Concrete  Bridge 
Pre-Cast  Members 

The    Sur\eynr    and    Miniicipal    and    County    Engineer. 

The  steel  bridge  at  Clapham  Junction,  carrying  the 
main  highway  from  London  to  Wandsworth,  Putney 
and  beyond,  over  the  main  line  of  the  London  & 
Southwestern  Ry.,  has  been  replaced  by  a  ferro-con- 
crete  structure  of  the  Mouchel-Hennebique  type  to 
provide  more  adequately  for  the  heavy  tram- 
way traffic  of  the  London  Company  Council.  Serious 
deterioration  took  place  in  the  old  bridge  owing  to 
the  corrosive  action  of  the  fumes  emitted  from  loco- 
motives, but  these  gases  have  no  harmful  effect  on 
ferro-concrete,  so  the  new  bridge  is  safe  from  fur- 
ther trouble  of  the  kind. 

The  plan  of  the  new  bridge  is  unusual  in  that  all 
its  members  were  so  designed  that  they  could  be 
moulded  before  being  placed  in  position.  This  method 
makes  it  possible  to  replace  an  old  bridge  in  the  most 
durable  ferro-concrete  without  material  disturbance 
of  traffic,  a  most  important  point  which  has  hitherto 
worked  against  the  use  of  this  material  for  replace- 
ments of  busy  urban  thoroughfares,  where  the  dislo- 
cation of  heavy  tramway  and  wagon  traffic  causes 
much  annoyance  and  financial  loss.  An  additional 
advantage  is  the  fact  that  by  the  new  method  bridges 
can  be  constructed  in  places  where  the  available 
headroom  is  insufficient  for  the  erection  of  the  shut- 
tering required  for  moulding  concrete  in  position. 
These  departures  from  usual  practice  have  proved 
most  satisfactory. 

Many  Mouchel-Hennebique  bridges  have  been  suc- 
cessfully built  without  interruption  to  traffic  by 
2) 
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moulding  the  ferro-concrete  work  in  t»vo  longitudinal 
halves,  thus  always  leaving  one-hulf  free  for  traffic. 
In  the  case  of  the  St.  John's  hill  bridge  a  further  in- 
genious advance  has  been  made  by  the  emplojinent 
of  purpose-moulded  ferro-concrete  beams  and  slabs, 
prepared  and  seasoned  in  advance  and  designed  so 
that  all  the  members  could  be  slung  and  seated  in 
their  final  positions  with  a  minimum  expenditure  of 
time.  Afterward  the  beams  and  decking  slabs  were 
covercfi  with  a  thin  monolithic  slab  of  ferro-concrete, 
binding  together  the  whole  construction,  on  which 
were  laid  the  two  tramway  tracks  and  conduit  rails, 
road  paving  curbs  and  footpaths.  Conduits  in  ferro- 
concrete were  formed  for  the  electric  conductors 
furnishing  current  to  the  motors  of  tramcars,  and  for 
gas  pipes,  electric  light  cables,  and  cables  of  the  Post 
Otlice  Department. 

When  all  the  beams  and  slabs  had  been  molded  and 
had  been  hardened  sufficiently  for  handling  with  per- 
fect* safety,  the  old  steel  span  was  removed  and  the 
new  span  assembled  in  place  and  finished  in  readi- 
ness for  the  relaying  of  the  tramway  tracks  and  road 
paving. 


Method  of  Extendinj^  Pier-Found- 
ations of  the  Wanganui  Bridge. 

By  ROBERT  \V.  HOLMES,  M.  Inst.  C.  E. 

Minutes  of  the  Institution  of  Civil   EnBlne.-r.<. 

The  bed  of  the  Wanganui  River,  Wanganui,  New- 
Zealand,  consists  of  alluvial  matter  containing  sand, 
mud,  gravel  and  timber  from  trees  washed  down  from 
the  forests  above.  With  the  destruction  of  the  forests 
which  retarded  the  discharge  of  rainfall,  and  the  nar- 
rowing of  the  river  channel  to  make  room  for  a  rail- 
way .station,  the  velocity  of  the  current  was  so  in- 
creased that  serious  erosion  of  the  left  bank  occurred, 
as  the  alluvium  offered  little  resistance  to  scour.  A 
heavy  flood  lowered  the  bed  of  the  river  to  within 
about  5  ft.  of  the  bottom  of  the  cylinder  piers,  giving 
a  depth  of  about  42  ft.  at  high  tide.  A  succession  of 
minor  floods  caused  silting  until  the  depth  was  about 
.32  ft.  at  each  pier  when  the  cylinders  were  lowered. 
High  floods  now  rise  about  7  ft.,  or  within  4  ft.  of  the 
under  side  of  the  girders,  where  the  depth  of  water 
will  be  about  49  ft.  after  the  scouring  of  the  recent 
silting  has  taken  place. 

It  is  remarkable  that  no  settlement  of  the  cylinders 
occurred,  since  the  river  bed  is  soft,  and  whole  trees, 
40  to  70  ft.  in  length  over  all,  and  up  to  4  ft.  in  diam- 
eter of  bole,  heaped  up  on  the  sharp  bend  just  above 
the  bridge.  But  it  was  soon  apparent  that  the  founda- 
tions of  the  piers  were  being  seriously  weakened,  so 
heavy  rock  was  deposited  around  them.  But  the  floods 
still  increased  and  the  scour  began  to  undermine  the 
rock. 

Since  the  river  could  not  be  widened,  owing  to  the 
encroachment  of  the  town,  it  appeared  that  the  only 
way  to  minimize  flooding  and  to  avoid  too  great  in- 
crease in  the  velocity  of  the  river  current  was  to 
deepen  the  channel.  This,  of  course,  precluded  the 
further  depositing  of  rocks. 

The  pier  cylinders,  which  were  found  to  be  excel- 
lently preserv'ed,  were  first  sunk  lower.  A  staging 
was  built  to  support  the  weight  of  the  stage  and  the 
traffic,  as  well  as  to  act  a.^  a  guide  to  the  cylinders 
when  they  were  being  sunk.  Because  of  its  great 
toughness,  eucalyptus  paniculata  was  used  for  the 
main  piles,  white  pine  being  used  for  the  secondary 
piles.  The  iron  bark  piles  in  .50-ft.  lengths  were  driven 


in  as  far  as  possible  by  means  of  a  dolly.  They  were 
Ihen  lengthened  by  joining  on  extension  pieces,  as 
shown  in  Fig.  1.  This  method  alone  would  .stand  the 
driving.  The  dowel  prevents  any  tendency  to  lateral 
movement  during  driving,  and  was  found  to  be  abso- 
lutely necessary. 

The  piles  had  to  be  driven  deeply,  so  that  they 
should  not  be  disturbed  during  the  cylinder  sinking, 
which  would  probably 
have  caused  damage  to 
the  spans  which  were 
resting  on  the  staging. 
P"or  the  braces,  etc.,  be- 
low water  green  timber 
was  used,  so  as  to  avoid 
inconvenience  by  float- 
ing when  being  fixed  in 
position.  Constant  vig- 
ilance had  to  be  exer- 
cised lest  the  driftwood 
brought  down  by  the 
flood  become  danger- 
ous. 

As  the  bridge  could 
not  be  closed  to  traffic, 
and  as  there  was  not 
sufficient  room  between 
the  under  side  of  the 
bridge  and  high-water 
mark  to  admit  an  air- 
lock and  allow  suflicient 
margin  for  sinking,  it 
vas  decided  to  remove 
the  short  length  of  cyl- 
inder at  the  upper  end 
of  each  and  use  a  top 
dome  to  which  the  air- 
lock was  attached.  The 
top  is  a  hemispherical 
dome,  with  a  trunk  on 
one  side  to  support  the 
air-lock  and  form  a 
passageway  between 
cylinder  and  air-lock. 
On  the  opposite  side  of 
the  dome  two  cantilever 
girders  were  fixed,  and 
connected  with  the 
trunk,  to  carry  counter- 
weights. On  the  lower 
side  of  the  trunk  the 
chute  usually  attached 
to  the  air-lock  was 
fixed,  and  through  this 
the  excavated  materials 
were  ejected.  This  was 
little  used,  however,  as 


r; — =^ 

0  ;              !  0 

,i  ,  iL 

•     /      ■ 

1^' Bi-Um 

'■  il  Y 
'■.   I  \' 

j                   O              '    o 

J  -I'Bo'L       <\  ,. 

oj                       |„ 

V- •■'«^'?'' 


Scale   I  Inch -2  Reel 


Fig.    1 — Pll«   Scarf  and   Shoe. 


the  men  preferred  to  pass  both  the  outgoing  and  in- 
coming materials  through  the  chute  when  attached 
to  the  air-lock  in  the  usual  position. 

To  facilitate  the  sinking  of  the  shafts  a  small  ham- 
mer drilling  machine,  worked  by  compressed  air.  was 
used  with  good  effect,  small  holes  being  drilled  and 
light  charges  of  explosive  used  to  avoid  damaging  the 
."urrounding  concrete  and  cast  iron  cylinder.  The 
rate  of  progress  exceeded  expectation.  On  reaching 
the  bottom  it  was  found  that  the  last  6  ft.  ha^l  not 
been  tilled  with  concrete,  as  it  had  apparently  been 
found  impossible  to  remove  the  mud  and  fine  silt  to 
the  very  bottom.  The  concrete  above  water  level 
proved   to   be   hard   and   of  good   quality,   but   below 
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water  level  it  was  inferior  and  softer,  showing  that 
whatever  system  had  been  adopted  for  placing  the 
concrete  in  position  under  water  had  not  been  per- 
fect. As  the  cylinders  were  not  sunk  by  pneumatic 
process,  no  visible  attempt  had  been  made  to  render 
them  water-tight  or  air-tight.  This  caused  great  loss 
of  air,  so  that  in  several  places  a  diver  had  to  caulk 
the  leaks  outside. 

As  soon  as  each  cylinder  had  been  got  into  working 
order  for  sinking,  the  silt  in  the  lower  length  of  cyl- 
inder below  the  concrete  was  removed.  The  air  pres- 
sure being  then  released,  the  cylinder  sank  without 
difficulty,  the  concrete  remaining  therein  being  of 
sufficient  weight.  This  procedure  was  repeated  until 
the  additional  depth  of  30  ft.  had  been  reached.  At 
the  bottom  of  each  cylinder  2  cu.  yd.  of  rough  broken 
stone  were  first  placed,  then  a  layer  of  canvas,  then 
about  6  ft.  in  height  of  concrete  under  air  pressure 
which  was  maintained  until  the  concrete  had  set  suf- 
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Fig.  2 — Diaphragm   Between   Cylinders. 

ficiently  to  resist  the  influx  of  water  (about  24  hours). 
The  air-lock  was  then  removed  and  the  shaft  filled  up 
to  the  top  at  atmospheric  pressure. 

The  two  cylinders  in  each  pier  were  connected  above 
low-water  mark  by  a  substantial  diaphragm  which  was 
connected  diametrically  through  each  cylinder  with 
the  opposite,  so  as  to  avoid  all  risk  of  rupturing  the 
cylinder  should  the  diaphragm  exert  excessive  ten- 
sion from  any  cause,  as  usually  diaphragms  or  con- 
necting braces  are  attached  only  to  the  adjacent  faces 
of  the  cylinders.  The  diaphragm  (Fig.  2)  consisted 
of  ^Ij-in.  mild  steel  plates,  stiffened  with  angles  and 
riveted  to  a  V2-in.  gusset  extending  to  inside  the  cyl- 
inder, through  the  joint  of  the  cast  iron  cylinder 
plates.  This  diaphragm  served  to  brace  the  cylinders 
together  and  to  prevent  driftwood  from  catching  be- 
tween cylinders  during  floods. 

A  very  effectual  jointing  material  for  the  cylinder 
plates  consisted  of  two  parts  of  lead  wire  of  about 
No.  12  gauge.  Hemp,  with  red  and  white  lead,  was, 
however,  principally  used.  The  interior  of  the  air- 
lock and  cylinder  was  illuminated  by  electric  light 
produced  by  a  small  direct-current  dynamo  driven  by 
a  3%-HP.  Gardner  kerosene  engine.  An  Ingersoll- 
Rand  air  compressor  was  used.  Type  XI,  7  in.  x  9  in., 
two  cylinders,  vertical,  driven  on  a  portable  steam  en- 


gine. A  maximum  pressure  of  30  lb.  per  square  inch 
proved  sufficient,  which  was  as  much  as  the  cylinders 
were  deemed  capable  of  standing  with  a  fair  margin 
of  safety. 

When  the  cylinders  were  completed  the  lowering  of 
the  trusses  showed  a  subsidence  in  one  only,  and  that 
for  but  %  in.  The  diaphragm  between  each  pair  of 
cylinders  was  then  fixed  in  position.  During  the  test- 
ing period  the  bridge  carried  much  fast  and  heavy 
traflic,  including  traction  engines  and  great  herds  of 
cattle,  which  produced  severe  vibration. 

The  river  bed  proved  very  unsatisfactory  as  a  foun- 
dation. Layers  of  tenacious  mud,  with  alternate  thin 
layers  of  fine  gravel,  were  passed  through,  but  on 
reaching  a  depth  of  74  ft.  below  high-water  mark  a 
fairly  firm  stratum  was  reached  which  was  judged 
adequate.  Up  to  the  present  no  signs  of  settlement 
have  occurred.  The  appearance  of  caisson  sickness 
among  the  men  in  the  cylinders  induced  the  suspen- 
.=ion  of  sinking  perhaps  a  little  sooner  than  prudence 
would  have  justified. 

The  various  strata  forming  the  river  bed  caused  the 
sinking  to  be  very  erratic.  Sometimes  the  cylinder 
would  descend  only  a  few  inches  when  the  pressure 
was  relieved;  generally  the  movement  reached  a  few 
feet. 

The  depths  of  the  cylinders  were  originally  56  ft. 
below  the  bedplates  of  the  girders.  The  final  depths 
were: 

Pier  No.  5,  85  ft.  2  in.  upstream  and  79  ft.  down- 
stream. 

Pier  No.  6,  86  ft.  7  in.  upstream  and  84  ft.  1  in. 
downstream. 

Pier  No.  6  is  situated  on  the  concave  side  of  the 
river,  where  the  maximum  current  and  scour  occurs. 

The  work  occupied  eight  months.  The  estimated 
cost  was  £6,000,  the  actual  cost  £5,249.  The  latter  was 
much  increased  through  the  necessity  of  keeping  the 
bridge  always  open  for  traffic. 


Cost    of    Operating    Municipal    Edison 

Electric    Motor    Tipping    Trucks, 

Newcastle,  England 

The    Surveyor    and    jrunicipal    and    County    Engineer. 

Mr.  F.  W.  Sykes,  cleansing  superintendent,  Newcas- 
tle, has  published  the  following  costs  with  regard  to 
the  operation  of  a  two-ton  Edison  electric  tipping 
wagon  in  that  city: 

COST    OF    41    WEEKS'    WORKING. 

July   6,    1917. 

Number  of   miles   run    3,172 

Number  of  tons   carried    2,475 

Average  lead.   114   miles  each  way. 


Capital  charges  on  £1,000  for  10  years 
(interest  calculated  at  ,■;  per  cent 
and  sinking  fund  on  4  per  cent  basis). 10.5     1 

Electric  energy  at  3.55   units  per  mile, 

11.250  units  at  H4   per  unit    70     e 

Oil    and    grease    1     6 

Maintenance  of  chassis,  body  and  bat- 
teries        11     3 

Maintenance  of  tires  (assuming  life  of 
tires  10,000  miles)    3,172 

X    £40    ...   12  13 

10,000 

Insurance  at    £12  15s  per  annum    ....   10     1 

Driver  at    £2  4s  8d  per  week    91  15 
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Methods  of  Sampling  of  Sewage 
and  Other  Liquids 

By  C.  BERTRAM  KERSHAW, 

The    .Surv.v..r    ;.r..l    Mum,  .|,.,1    .iii.l    CuuiiiN     i;ii(!lrirrr 

That  sewage  purification  works  may  not  be  construct- 
ed and  then  found  inadequate  to  cope  with  the  sewage 
which  they  are  required  to  treat,  the  sampling  of  sew- 
age must  be  painstakingly  done. 

It  is  of  the  highest  importance  that  the  samples  shall 
be  representative  of  the  bulk  from  which  they  are 
drawn.  Since  all  waste  liquids  vary  in  character  and 
volume,  samples  drawn  according  to  the  rate  of  flow 
of  liquid  over  at  least  4  days  should  be  taken.  Taking 
four  days  as  a  good  average  period,  the  author  makes 
the  tests  from  Monday  to  Friday  morning  inclusive, 
in  a  season  of  dry  weather.  A  resume  of  his  method 
follows : 

Use  an  automatic  height  recorder  whenever  obtain- 
able, and  run  it  at  the  weir  for  7  to  10  days  before 
sampling,  so  as  to  get  a  line  on  the  sewage  flow.  Use 
30  to  36  wide-mouthed,  glass-stoppered  bottles  of  600 
to  700  CO.  each.  If  bacterial  analyses  are  needed,  take 
a  few  small,  glass-stoppered,  sterilized  bottles  of  50 
cc.  each  and  fill  one  or  two  from  the  large  mixing  bot- 
tle when  the  24  hours'  average  sample  is  made  up.  All 
stoppers  should  be  carefully  ground  in  with  fine  em- 
ery, and  the  foot  of  each  stopper  rounded  to  avoid  in- 
cluding air  bubbles.  The  glass  mi.xing  bottle  holds  IVb 
gal.,  and  is  used  for  mixing  the  contents  of  the  24 
hourly  samples.  Two  thermometers,  grease  chalks, 
two  or  three  drying  cloths  and  some  adhesive  labels 
complete  the  outfit. 

Where  practicable  a  wooden  dam  with  brass  or  gun- 
metal  rectangular  weir-plates  screwed  to  its  face  is 
used  to  gauge  the  flow,  the  depth  over  the  sill  being 
automatically  and  continuously  recorded.  A  mixture 
of  clay  and  linseed  oil  makes  watertight  joints  between 
the  margins  of  the  wooden  dam  and  the  channel  walls. 
The  width  of  the  weir  should  not  exceed  one-third  that 
of  the  channel.  The  transverse  sectional  area  of  the 
falling  liquid  should  not  exceed  one-fifth  of  the  trans- 
verse sectional  area  of  the  liquid  in  the  channel  above 
the  weir.  The  weir  and  dam-board  should  be  upright, 
with  a  free  overfall  and  air  space  underneath  the  fall- 
ing sheet  of  water,  and  the  recorder  far  enough  back 
to  avoid  the  cur\-ature  of  surface.  Where  an  automatic 
height  recorder  cannot  be  obtained,  depths  over  the 
weir  can  be  taken  with  a  thin  steel  rule,  one  edge  of 
which  is  ground  thin.  If  this  is  rubbed  lightly  against 
a  block  of  wet  clay  and  allowed  to  dry  before  each 
reading  the  exact  depth  is  easily  seen. 

Assuming  that  the  recorder  is  started  at  9  a.  m.,  at 
9:30  take  the  first  sample  of  sewage,  the  second  at 
10:30,  and  so  on  until  8:30  the  following  morning, 
when  the  set  of  hourly  samples  will  be  complete.  Date 
each  bottle  with  grease  chalk  upon  the  glass  or  use 
adhesive  labels.  As  each  bottle  is  filled,  let  the  stop- 
per sink  gently  into  place  to  avoid  breakage  should 
force  be  needed  to  remove  it.  When  ranged  in  a  row 
a  wonderfully  good  idea  can  usually  be  obtained  of 
the  variations  in  character  of  the  sewage  through  the 
24  hours. 

If  fragments  of  faeces  are  included  in  a  sample,  they 
.should  be  broken  up  before  the  proportionate  amounts 
Mre  drawn  off. 

Replace  the  recorder  with  a  fresh  one,  and  work  out 
;ind  enter  the  hourly  rates  of  flow  on  the  finished  chart. 
Record  date,  rainfall,  if  any,  and  other  items  of  inter- 
(st,  such  as  times  of  strongest  and  weakest  sewage, 
flushes  of  trade  wastes,  etc. 

(1: 


Now  take  from  each  bottle  in  turn  an  amount  pro- 
portionate to  the  rate  of  flow  for  each  hour,  and  trans- 
fer it  to  the  large  mixing  bottle.  Assuming  the  flow  for 
the  first  three  hours  to  have  been  severally  5,000,  6,500 
and  8,500  gal.  per  hour,  then  if  55  cc,  65  cc,  and  85 
cc.  are  taken  from  the  first,  second  and  third  bottles, 
respectively,  these  amounts  will  be  proportionate  to 
the  rates  of  flow  for  these  hours,  and  the  same  pro- 
cedure must  be  followed  with  the  21  remaining  hourly 
samples.  Meanwhile,  of  course,  begin  to  take  the  sec- 
ond set  of  hourly  samples. 

When  the  proportionate  contents  of  the  24th  sample 
bottle  have  been  transferred  to  the  mixing  bottle,  the 
latter  may  be  dispatched  to  the  laboratory  carefully 
packed  in  a  wicker  hamper. 


Pile-Driving  and  the*  Supporting 
Power  of  Piles 

By  HENRY  ADAMS, 
M.  Inst.  C.  E.  (Past  President). 

.^bHtract   In  Concrete  and  Conctructlonal  Eneineertng  of  a  pap*r 
read  before  the  Concrete  Institute. 

Pitching  and  Driving. — In  pitching  a  pile  care  must 
be  taken  that  it  is  started  in  the  right  place,  as  it  can- 
not be  shifted,  but  if  the  point  is  not  truly  in  line  with 
the  axis  of  the  pile,  or  gets  pushed  to  one  side  by 
meeting  an  obstruction  before  it  has  entered  very  far 
the  lower  end  of  the  pile  will  be  drawn  over  to  the 
side  to  which  the  point  leans.  When  out  of  position, 
piles  may  be  drawn,  back  into  place  by  chains,  twisted 
like  a  surgeon's  tourniquet.  In  building  jetties  the 
outside  row  of  piles  is  often  doubled,  the  outer  pile 
being  a  rakin<;  one,  at  15  to  30  from  the  vertical,  for 
increasing  the  stability;  this  acts  like  a  buttress.  At 
the  corners  of  jetties  the  outer  piles  are  usually  rak- 
ing both  ways,  say  about  15  from  the  vertical.  When 
necessity  arises  piles  may  be  drawn  from  the  bed  of 
a  tidal  river  by  lashing  empty  barges  to  them  and  let- 
ting them  lift  by  the  tide.  Against  a  river  wall  or 
round  the  foundations  of  a  bridge  piles  should  be 
sawn  off  by  a  diver  as  low  as  he  can  get  at  them  in 
preference  to  drawing  them,  to  avoid  any  risk  of  scour 
and  undermining  of  the  foundation.  On  land  a  pile 
may  be  drawn  by  a  lever  or  by  powerful  jacks. 

Weight  of  Ram. — One  of  the  most  interesting  ques- 
tions in  connection  with  pile  driving  is  the  propor- 
tion between  weight  of  hammer  and  the  amount  of  the 
fall  to  produce  a  given  result.  The  hammer  usually 
weighs  from  5  to  30  cwt..  and  is  allowed  to  fall,  say, 
from  6  to  20  ft.  Upon  superficial  consideration  it 
would  seem  that  a  hammer  of  5  cwt.  falling  20  ft. 
would  produce  the  same  result  as  a  hammer  of  20  cwt. 
falling  5  ft.,  as  they  would  both  have  10,000  ft.  lb. 
energy,  but  the  proportion  of  the  total  energy  (Wh) 
which  is  usefully  expended  in  sinking  the  pile  de- 
pends, among  other  things,  upon  the  ratio  of  the 
weight  of  the  ram  to  the  weight  of  the  pile. 

A  light  hammer  with  a  Icmg  fall  will  not  have  the 
same  effect  as  a  heavy  hammer  with  a  short  fal'.  In 
practice  it  is  found  that  with  too  great  a  fall  the 
effect  of  the  blow  is  to  bruise  and  "broom"  the  head 
of  the  pile,  or  to  shiver  the  timber  instead  of  to  force 
it  downwards.  A  heavy  hammer,  producing  the  same 
effect  in  distance  driven  as  a  light  one  with  greater 
fall,  does  less  injury  to  the  piles.  It  is  as  if  the  top 
of  the  pile  were  driven  down  while  the  bottom  re- 
mained stationary,  owing  to  the  inertia  of  the  mass 
of  the  pile. 

For  the  first  few  blows  the  pile  goes  down  a  con- 
siderable distance,  which  graduallv  becomes  le.ss  at 
) 
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each  blow  until  the  resistance  is  so  great  that  it  will 
not  go  any  further,  or,  as  it  is  technically  called,  "re- 
fuses." Generally  the  driving  is  stopped  when  the 
"set,"  or  distance  driven  by  the  last  blow,  does  not 
exceed  Vi  in.,  or  the  sum  of  the  last  three  blows  1  in., 
but  of  course  for  this  to  be  any  measure  of  the  sup- 
porting power  the  weight  of  the  hammer  and  the 
height  of  fall  must  be  in  some  recognized  proportion 
to  the  dimensions  and  weight  of  the  piles. 

Rankin  says,  "The  test  of  a  pile  having  been  suffi- 
ciently driven  is  that  it  shall  not  be  driven  more  than 
1  5  in.  by  30  blows  of  a  hammer  weighing  800  lb.  and 
falling  5  ft.  at  each  blow,"  and  there  is  probably  no 
one  who  would  dispute  the  fact  that  if  it  stood  this 
test  it  had  been  sufficiently  driven;  many  would  con- 
sider that  it  had  been  over-driven.  The  tendency  of 
late  years  has  been  to  increase  both  the  weight  of  the 
ram  and  its  fall,  especially  where  heavy  duty  in  sup- 
porting power  is  required. 

The  Supporting  Power  of  Piles. — The  sustaining 
power  of  a  pile  depends  chiefly  upon  three  circum- 
stances: 

(1)  The  resistance  at  the  point  or  shoe  to  further 
penetration. 

(2)  The  friction  of  the  earth  on  the  sides  of  the 
pile,  and 

(3)  The  strength,  as  a  column,  of  the  pile  above 
the  ground  or  above  the  firm  subsoil. 

The  first  two  factors  are  usually  combined  into  one 
formula  founded  chiefly  upon  experiments.     The  best 
known  formula  is  that  of  Major  Sanders,  U.  S.  Engi- 
neers, quoted  bv  Rankine  and  Molesworth: 
W  h 

R  = 

8    s 

This  is  the  same  as  calling  the  safe  load  one-eighth 
of  the  mean  resistance  to  the  energy  of  the  blow,  as- 
suming it  to  be  expended  entirely  in  penetration  with- 
out compressing  the  pile. 

In  Newman's  "Earthwork  Slips  and  Subsidences" 
the  frictional  resistance  of  timber  piles  is  stated  to 
be  less  through  wet  soils  than  dry,  in  the  following 
proportions: 

In  sandy  gravel,  5  to  10  per  cent  less. 

In  sand  about  12  per  cent  less. 

In  sandy  clay  or  gravelly  clay,  about  40  per  cent 
less. 

In  experiments  made  previous  to  the  sinking  of  con- 
crete piles  for  the  works  of  the  Vienna-Danube  Sand 
Dredging  Co.  in  1909  it  was  found  that  the  frictional 
resistance  was  about  14.19  lb.  per  square  inch  of  sur- 
face =  2054.36  lb.  per  square  foot,  or  just  over  18  cwt. 

French  engineers  (vide  Berg's  "Safe  Building") 
allow  a  pile  to  carry  50,000  lb.  provided  it  does  not 
sink  perceptibly  under  a  ram  falling  4  ft.  and  weigh- 
ing 1,350  lb.  or  does  not  sink  ]2  in.  under  30  blows. 

The  following  rule  has  been  given  for  steam  driv- 
ing: When  a  pile  is  driven  (a)  feet  vertically  into  the 
ground  by  (n)  blows  of  a  steam  hammer  fastened  to 
the  head  of  the  pile,  (p)  being  the  mean  pressure  of 
the  steam  in  pounds  per  square  inch,  (d)  the  diameter 
of  the  piston  in  inches,  (1)  the  length  of  the  stroke 
in  feet,  (W)  the  weight  in  pounds  of  the  moving  part 
of  the  hammer  (,Wp)  the  weight  of  the  pile  and  the 
fixed  part  of  the  steam  hammer  attached  to  it  in 
pounds,  the  mean  resistance  of  the  ground  in  pounds 
will  be: 

n  W  1  1 

\Vp  -T-  VV  t \V  +  —  d-p       — 

'      W  +  Wp  4  a 

There  seems  to  be  no  general  rule  as  to  the  factor  of 


safety  it  is  desirable  to  adopt;  the  practice  appears  to 
vary  from  2  to  10,  the  former  for  dead  loads  and  the 
latter  for  live  or  vibrating  loads. 

Dobson  in  "Foundations  and  Concrete  Works"  says 
that  in  the  ordinary  case  if  a  pile  will  safely  resist  an 
impact  of  a  ton  it  will  bear  without  yielding  a  pres- 
.'lure  of  V-2  tons  and  he  gives  Wv  =  impact,  therefore 
safe  load  =  1.5  Wv. 


The  Lake  Coleridge  Hydro-Elec- 
tric Developments  in  New 
Zealand 

The   Engineer. 

The  Lake  Coleridge  installation  is  the  first  of  the 
hydro-electric  power  schemes  to  be  put  in  hand  by 
the  New  Zealand  Government  under  the  Water  Power 
Act  of  1903.  The  development  will  supply  Christ- 
church  and  the  Canterbury  Province.  Lake  Coleridge 
is  situated  in  the  southern  Alps  and  lies  about  70  miles 
to  the  west  of  Christchurch.  Its  surface  is  1,667  ft. 
above  sea  level.  It  is  10  miles  long,  has  a  maximum 
width  of  21/2  miles  and  an  area  of  14  square  miles. 
In  spite  of  its  altitude  the  lake  does  not  freeze. 

The  lake  is  fed  by  four  streams,  i.  e.,  the  river  Ry- 
ton,  Seamander  Creek,  Simois  Creek,  and  the  Cole- 
ridge Creek,  and  the  total  average  outflow  by  the  lake 
.'Stream  is  about  160  cu.  ft.  per  second.  Owing  to  the 
large  storage  area  of  the  lake  the  flow  of  the  stream 
is  very  steady.  The  power  available  from  the  pres- 
ent outflow  of  the  lake  is  some  5,000  Kw.  for  contin- 
uous working.  By  diverting  various  rivers  into  the 
lake,  this  power  may  be  increased  to  50,000  KW,  for 
continuous  working. 

The  water  will  be  conveyed  from  the  lake  to  the 
river  by  a  tunnel  100  chains  long.  This  tunnel  will 
be  semi-eliptic,  with  a  curved  invert,  and  will  be  8 
ft.  high  and  8  ft.  wide  with  an  area  of  50  sq.  ft.  The 
crown  of  the  inlet  at  the  inlet  will  be  12  ft.  below 
lake  level,  the  tunnel  being  worked  under  this  pres- 
sure. The  tunnel  is  provided  at  the  outlet  end  with 
a  surge  chamber  30  ft.  square.  The  surge  chamber  is 
designed  in  conjunction  with  the  governors,  fly  wheels 
and  reactances  of  the  generating  sets,  so  as  to  mini- 
mize as  far  as  possible  the  disturbances  arising  from 
changes  in  the  load,  and  to  enable  the  output  to  re- 
spond automatically  to  the  requirements  of  the  service. 

Provision  is  made  in  the  power-house  for  an  ulti- 
mate equipment  of  six  main  generating  units  of  1,500- 
KW.  capacity  each,  and  two  turbine-driven  and  one 
motor-driven  exciter  units,  each  of  150  KW.  These 
will  be  supplied  from  the  surge  chamber  by  three 
penstocks  52  in.  internal  diameter  and  ^2  mile  long, 
and  ranging  from  Vi  in.  to  %  in.  in  thickness.  In 
order  to  prevent  corrosion,  the  penstocks  will  be  coated 
inside  and  outside  with  a  high  quality  of  bitumen 
compound  1  16  in.  thick. 

The  transmission  lines  from  the  power  station  to 
the  main  substation  at  Christchurch,  70  miles,  will 
consist  of  two  independent  pole  lines,  each  carrying 
ihree  conductors  consisting  either  of  7  12  S.  W.  G. 
copper  or  7/. 135  aluminum  cables  carried  on  four  shell 
pin  insulators  and  spaced  triangularly  6  ft.  apart.  A 
branch  of  the  66,000-volt  transmission  line  will  be  run 
to  Timaru — a  flourishing  seaport,  100  miles  south  of 
Christchurch — and  ultimately  in  a  northern  direction 
also,  with  substations  at  intervals,  transforming  down 
to  11.000  volts  at  which  pressure  the  energy  will  be 
distributed  throughout  the  province. 
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The  Med  low  Dam,  a  65  Ft.  Con- 
crete Structure  with  9  Ft. 
Base  Width 

TI.O      KllKlM.rr. 

The  Medluw  Dam  is  situated  in  a  sandstone  gorge 
on  Adams  Creek  in  the  Blue  Mountains  of  Ntew  South 
Wales.  This  dam  is  but  a  sheet  of  concrete,  and  be- 
cause of  its  slender  profile  is  one  of  the  most  remark- 
able in  the  world.  The  wall,  which  has  a  vertical  up- 
stream face,  is  built  on  a  curve  of  60  ft.  radius,  and 
is  C5  ft.  high  from  foundation  to  the  top  of  the  para- 
pet wall.  (Fig.  1).  It  has  a  base  width  of  only  8.96 
ft.,  and  it  tapers  on  the  downstream  face  to  3  ft.  6 
in.  at  the  height  of  29  ft.,  and  from  there  to  top- 
water  level  is  of  the  same  thickness,  and  finally  fin- 


garded  as  an  example  of  very  bold  proportioning  and 
is  referred  to  in  te.xt-books  as  having  probably  the 
thinnest  profile  ever  used  in  such  a  structure.  The 
Medlow  profile,  however,  is  thinner,  but  as  the  wall 
is  built  on  a  much  smaller  radius,  60  ft.  as  against 
335  ft.,  the  maximum  pressure  on  the  concrete  is  only 
12  tons  per  square  foot,  as  against  53  tons  per  square 
foot  on  the  granite  voussoirs  in  the  old  Bear  Valley 
Dam. 


French    Developments 
Desert 


>f   Sahara 
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ishes  for  the  remaining  3  ft.  of  height  with  a  para- 
pet wall  1  ft.  thick. 

In  determining  the  profile  the  wall  was  treated  as 
a  section  of  a  rigid  cylinder,  subject  to  e.xternal  water 
pressure,    disregarding    any    assistance    due     to     the 
weight  of  the  wall.     The  formula  used  was: 
RP 

T  = 

S 
where  T  denotes  the  thickness  of  wall  at  any  level  in 
feet, 

R  denotes  radius  in  feet, 
P  denotes  water  pressure  in  tons, 
S  denotes  stress  in  tons  per  square  foot. 
The  limiting  pressure  adopted  for  the  concrete  was 
12  tons  per  square  foot,  while  the  highest  water  sur- 
face was  taken  as  within  1  ft.  of  the  top  of  the  para- 
pet wall,  or  2  ft.  above  the  overflow  level  of  the  spill- 
wav.     Hence — 

62.5  X  62 
P  ~ =  1.73  tons 


It  seemshardly  to  be  realized  outside  of  the  Chan- 
cellories of  Europe  that,  with  the  establishment  of 
the  Moroccan  protectorate,  France  entered  into  abso- 
lute control  of  -15  per  cent  of  the  area — a 
territory  half  again  as  large  as  the  United 
States — and  25  per  cent  of  the  population 
of  Africa,  most  of  both,  in  contrast  to  the 
scattered  colonies  of  the  other  powers,  be- 
ing compactly  consolidated  in  the  North- 
west. "Nine-tenths  Sahara  Desert  and 
worthless,"  is  the  natural  comment  of  the 
outsider.  "Desert  but  not  worthless,"  re- 
plies the  Frenchman  confidently,  for  his 
experts  have  been  busy  for  the  last  two 
decades  proving  that  the  Sahara,  like  most 
of  the  other  great  deserts,  is  barren  only 
through  lack  of  water.  And  water — often 
artesian — has  been  brought  to  the  surface 
at  almost  every  place  where  it  has  been 
sought  in  a  scientific  manner,  with  the  re- 
sult that  productive  oases  are  being  creat- 
ed in  the  Sahara  much  after  the  way  in 
which  certain  sections  of  the  arid  region 
west  of  the  Rockies  were  reclaimed  in  the 
United  States. 

Not  only  do  the  French  aim  to  link  up 
the  reclaimed  areas  as  they  are  brought 
under  water,  but  pushing  construction- 
ahead  of  reclamation  also  to  bring  their 
populous  colonies  of  the  Suydan  and  the 
Niger  basin  into  connection  with  the  Mediterranean 
by  means  of  two  or  more  great  trans-Saharan  lines 
Careful  studies  extending  over  many  years  have 
shown  that  all  of  these  projects  are  not  only  feasible 
from  an  engineering  standpoint,  but  also  likely  to  be 
profitable  from  a  financial  one. 

France's  most  ambitious  railway  project  is  one  by 
which  a  line  starting  from  the  Mediterranean  will  be 
thrown  across  the  Sahara  to  the  healthful  and  well- 
populated  states  of  Wadai  and  Kanem  in  the  Lake 
Chad  region,  on  through  the  Congo,  using  any  avail- 
able Belgian  construction  as  a  part  of  the  main  trunk, 
to  connect  with  the  Rhodesian  Railways  in  the  vicinity 
of  the  Katanga  border.  This  route,  it  is  pointed  out, 
because  it  is  entirely  by  land,  and  because  Algiers  is 
36  hours  nearer  Paris  and  London  than  Alexandria, 
would  make  the  journey  to  South  .\frica  several  days 
shorter  than  by  the  Cape-to-Cairo,  which  will,  for 
many  years,  use  lake  and  river  steamers  for  a  quarter 
of  its  length. 


2240 
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Before  the  building  in  1907  of  the  Crowley  Creek 
Dam.   the   old    Bear   River   Dam,   California,   was   re- 


Electric  Locomotives  for  Swiss  Railway. — The  Swiss 
Federal  Government  has  authorized  the  expenditure  by 
the  Federal  Railways  of  $.'?,2  12,000  for  the  purchase  of 
20  electric  locomotives.  The  cost  of  these  locomotives 
is  three  times  as  much  as  previous  to  the  outbreak  of 
the  war. 
') 
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Compressed  Air  Sewage  Lifting 
System  of  Cairo,  Egypt 

Minutes  of  Proceedings  of  the  Institution  of  Civil  Engineers. 

The  drainage  of  the  low-lying  portion  of  the  city 
of  Cairo,  Egypt,  is  on  the  sectional  system,  worked 
by  compressed  air,  for  which  63  Shone  ejectors  have 
been   sunk  in  the  positions  shown  in   Fig.   1.     Each 


the  capacity  of  each  ejector  is  half  the  maximum  wet- 
weather  flow. 

The  tubbings  for  ejectors  were  sunk,  where  the 
conditions  permitted,  in  open  cuttings,  but  where  the 
subsoil  water  level  was  high  and  the  flow  abundant, 
air-pressure  sometimes  attaining  about  10  lb.  per 
square  inch  was  resorted  to.  The  tubbing  was  made 
in  segments,  which  were  erected  in  situ,  and  the 
joints    were    rendered    water-tight    with    lead.     The 
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Fig.    1  —  LayoL:t    of   the    Ma.n    Sewer    System    of    Cairo.    Egypt,     Show.ng     Location    of    Ejector    Stations. 


ejector-station  consists  of  cast-iron,  water-tight  tub- 
bing of  sufficient  diameter  to  contain  two,  and  in  two 
cases,  three  ejectors  of  the  size  required  for  lifting 
the  sewage  of  each  area.  Each  ejector  being  capa- 
ble of  dealing  with  the  maximum  dry-weather  flow 
from  the  area  served,  the  second  acts  as  a  stand-by. 
Where  the  area  is  drained  on  the  combined  systems. 


(18) 


floors  are  of  cast-iron  segments  bolted  together  and 
stiffened  with  girders  concreted  over. 

The  ejectors  are  of  the  Shone-Ault  pattern,  manu- 
factured by  Yeomans  Bros.,  Chicago.  Fourteen  sta- 
tions are  fitted  with  duplicate  50-gal.  per  minute 
ejectors;  14  with  duplicate  100-gal.,  10  with  duplicate 
150-gal.,  16  with  duplicate  250  gal.,  1  with  duplicate 
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300-gaI.,  5  with  duplicate  500-gral.,  and  3  with  tripli- 
cate 500-gal.  ejectors. 

All  ejector  stations  are  entered  from  the  top  e.x- 
cept  two,  namely,  Nos.  33  and  37.  Number  33  is  in 
the  Ezbeia  Garden,  the  principal  public  garden  of 
Cairo.  Here  the  cast-iron  tubbing  has  been  enlarged 
and  lined  with  white  tiles,  and  a  spiral  staircase 
gives  access  to  it  from  the  ground  level.  It  is  sur- 
mounted by  an  ornamental  building  in  brick  and 
stone  and   is  open  to  inspection   by  the  public.     Sta- 


the  air  mains  have  been  laid  under  pavements  away 
from  the  heavy  traffic. 

The  compressed  air  i.s  supplied  automatically  to 
each  ejector  on  its  being  tilled  with  sewage,  and  the 
contents  are  displaced  and  passed  to  the  main  col- 
lector through  cast-iron  sealed  sewage  mains  rang- 
ing from  G  in.  to  33  in.  in  diameter.  There  are  three 
distinct  arteries  that  serve  the  whole  system,  namely, 
the  eastern  or  Khalia  sealed  sewage  main,  the  west- 
ern  or   Sharia    Abbes   sealed    sewage   main,   and   the 


I  EtrVATlOM 

rancenient    of     Ejector-Station     With    Top 
Entrance. 

tion  No.  37  is  situated  in  the  Sharia  Mousky,  the 
busiest  street  in  Cairo,  and  a  side  entrance  has  been 
provided  in  this  case  to  facilitate  inspection  and 
avoid  interference  with  traffic. 

The  compressed  air  for  the  ejectors  is  supplied 
through  cast-iron  mains,  which  are  laid  in  circuits 
j\nd  controlled  by  air  valves  to  insure  a  continuous 
suppN,  should  a  rupture  or  leak  necessitate  the 
shutting  down  of  any  particular  length.  The  con- 
densed water  draw-offs  are  U-tubes  tapped  into  the 
main  at  its  invert  and  carried  to  the  surface  of  the 
road,  where  a  tap  is  fitted  through  which  the  con- 
densed water  is  expelled  into  the  street  by  the  air 
pressure  in  the  main.  The  exhaust  air  is  discharged 
from  the  ejector  into  a  silencing  chamber  consist- 
ing of  24-in.  diameter  cast-iron  pipes  connected  to 
a  ventilation  column  35  ft.  in  height,  and  varying 
from  9  in.  to  12  in.  in  diameter.  The  silencing  cham- 
ber is  laid  at  a  gradient,  and  any  moisture  carried 
by  the  exhaust  air  is  drained  back  to  the  inlet  man- 
hole through  a  I'o-in.  diameter  galvanized  iron  pipe. 
The  pipes  used  are  12  ft.  long,  of  the  ordinary  spigot- 
and-socket  pattern,  and  1,  2  or  3  pieces  were  used, 
according  to  the  capacity  of  the  ejector  station.  The 
ends  are  blocked  with  concrete,  and  the  exhaust 
pipes  from  the  ejectors  and  the  connection  with  the 
ventilation  column  are  placed  centrally  in  the  con- 
crete mass. 

All  sewage  and  air  mains  have  been  laid  with  a 
minimum  cover  of  3.28  ft.  and  have  generally  followed 
the  surface  levels  of  the   roads.    Wherever  possible. 
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northern  or  Shubra  sealed  sewage  main.  The  Khalia 
main  starts  from  ejector  station  No.  5,  which  be- 
side serving  area  No.  5,  repumps  the  sewage  from 
ejector  areas  Nos.  1,  2.  3,  4  and  12,  and  is  also  capa- 
ble of  dealing  with  the  sewage  of  Roda  Island.  This 
main,  which  is  of  cast-iron,  ranges  in  diameter  from 
15  in.  at  the  head  end  to  33  in.  at  its  junction  with 
the  head  chamber  of  the  main  collector.  Before  it 
discharges  into  the  main  collector,  a  33-in.  Venturi 
meter  is  installed  in  an  accessible  chamber.  The 
throat  of  the  meter  is  submerged,  a  drop  of  5.57  ft. 
being  allowed  on  a  164-ft.  break  in  the  regular  gradi- 
ent of  the  main. 

The  western,  or  Sharia  Abbas,  main  starts  from 
ejector  station  No.  25,  which  repumps  the  sewage  of 
ejector  stations  Nos.  23,  23-A  and  23-B.  This  main, 
which  ranges  in  diameter  from  14  in.  to  18  in.,  dis- 
charges into  a  30-in.  gravity  main  at  ejector  station 
No.  23  S  D  W.  The  gravitation  main  is  laid  at  a 
gradient  of  1  in  1,500  and  is  enlarged  from  30  in.  to 
33  in.  The  diameter  of  33  in.  is  maintained  up  to  the 
Venturi  meter  at  the  junction  of  the  Shubra  main, 
after  which  the  discharge  from  both  is  conveyed  by  a 
45-in.  circular  brick-lined  concrete  culvert,  310  yd. 
long,  to  the  head  chamber  of  the  main  collector.  A 
drop  has  been  made  between  the  invert  of  the  33-in. 
main  and  35-in.  culvert  for  submerging  the  throat 
of  the  Venturi  meter. 

The  northern  or  Shubra  main  starts  at  ejector  sta- 
tion No.  71  with  a  9-in.  pipe  and  is  gradually  en- 
larged to  15  in.  after  the  junction  with  ejector  sta- 
tions Noa.  74,  77  and  78.  On  leaving  the  Shubra  road 
the  diameter  of  15  in.  is  increased  by  several  stages 
to  33  in.  at  the  point  where  the  main  joins  the  cham- 
ber on  the  45-in.  brick-lined  culvert. 

No  Venturi  meter  has  been  fixed  on  this  main,  but 
provision  has  been  made  for  inserting  one  when  re- 
quired. Shubra  is  not  as  yet  fully  developed,  and 
the  sewers  in  this  area  will  be  the  last  to  be  laid. 

All  sewage  mains  10  in.  or  less  in  diameter  have 
intersection  openings  at  all  bends  and  at  every  220 
yd.  of  straight  piping.     The  openings  have  an  inter- 
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nal  diameter  of  3.28  ft.  and  are  perfectly  water-tight. 
The  covers  are  securely  bolted  down. 

Sluice  valves  are  provided  at  all  junctions  to  en- 
able any  ejector  station  to  be  cut  off  from  the  mains, 
and  immediately  outside  all  stations  a  chamber  con- 
taining a  further  sluice  and  reflux  valve  is  provided. 

The  sealed  sewage  mains  were  tested  to  a  hydraulic 
pressure  of  50  lb.  per  square  inch,  maintained  for 
15  minutes  without  loss  or  visible  leakage.  The  test 
for  air  mains  consisted  in  applying  an  air  pressure 
of  50  lb.  per  square  inch  which  pressure  was  not  al- 
lowed through  leakage  to  drop  below  45  lb.  during 
one  hour.  These  tests  were  applied  length  by  length, 
and  the  whole  system  was  again  finally  tested  on  com- 
pletion. 


Method  of  Determining  Most  Economical 

Size  of  Water  Main  for  Given 

Condition 

In  trying  to  hold  the  balance  between  first  cost  and 
maintenance  charges  in  colliery  management,  D.  M. 
Mowat  has  worked  out  in  Transactions  of  the  Insti- 
tution of  Mining  Engineers,  Vol.  LIV,  Part  4,  the 
details  of  one  of  its  most  vital  problems.  Since  the 
scheme  was  devised  some  years  ago,  the  prices,  and 
so  on,  are  not  of  value  today,  but  the  system  is  in- 
teresting and  has  provoked  discussion. 

The  problem  was  this:  What  is  the  most  econom- 
ical size  of  pipe  to  convey  by  pumping  1,000  gal.  of 
water  per  minute  to  a  distance  of  2,400  ft.?  The  road 
in  which  the  pipe  was  to  be  laid  was  a  good  road 
Qrched  throughout,  and  there  was  accordingly  no 
question  of  increased  cost  on  account  of  maintenance 
of  the  roadway,  etc.  The  factors  to  be  taken  into  ac- 
count were,  therefore  (a)  cost  of  pipe-line,  including 
installation;  and  (b)  loss  of  head  and  power,  on  ac- 
count of  friction,  and  the  cost  involved  in  overcom- 
ing this  loss,  capitalized.  In  estimating  the  frictional 
loss  the  writer  used  RankineV formula,  viz.:  The  loss 
length  in  feet  X  G- 

of  head,  in  feet ,  when  G  =  gallons 

213,000,000  X   d^ 
per  minute  and  d^diam_ter  of  pipe  in  feet. 

In  estimating  the  power  required,  the  writer  has  as- 
sumed an  efficiency  of  66^3  per  cent.  In  calculating 
the  monetary  value  of  the  frictional  losses,  he  has  used 
a  capitalized  value  of  £60  per  electrical  horsepower. 
Probably  this  figure  will  be  considered  very  low, 

TAEI^E    SHOWING   THE   RELATIVE   LOSSES    DUE    TO    FRIC- 
TION  IN   PIPES   OF  VARIOUS    SIZES. 
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If  pumping  goes  on  continuously  the  most  econom- 
ical size  of  pipe  is  1  of  14  in.  in  diameter,  and  when 
pumping  half  time  a  12-in.  pipe  is  the  most  economical. 
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Method     of    Supporting    Under- 
ground Workings  in  the 
Rand    Mines 

In  two  complementary  papers  appearing  in  the  Au- 
gust, 1917,  number  of  the  Journal  of  the  South  African 
Institution  of  Engineers,  Percy  Cazalet  and  G.  Hil- 
deck-Smith  respectively  discuss  the  support  of  under- 
ground workings  in  the  Rand  mines,  and  the  syste- 
matic underground  packing  at  the  Ferreira  Deep  Mine. 

Mr.  Cazalet  leads  up  to  modern  methods  by  outlining 
former  theories  and  practices.  It  was  once  believed, 
he  says,  that  the  quartzites  of  the  Rand  would,  as  the 
phrase  went,  "arch  themselves  naturally"  by  succes- 
sive cavings,  and  that  the  disturbances  of  subsidence 
would  reach  the  surface  only  when  shallow  excavation 
was  involved.  But  this  view  has  been  dispelled  by  the 
appearance  of  large  surface  cracks  whose  origin  has 
been  definitely  traced,  in  some  cases,  to  points  1,200  ft. 
to  1,500  ft.  underground. 

Sand-Filiing. — Sand-filling  has  been  the  most  gen- 
erally useful  of  the  modern  methods,  but  for  two  rea- 
sons it  cannot  be  used  as  the  chief  support  of  the 
heaviest  mines:  (1)  it  is  difficult  to  apply  to  current 
stopes  simultaneously  with  the  advance  of  the  faces 
and  close  enough  to  prevent  the  caving  in  and  sagging 
of  the  hanging-wall  in  the  space  between  the  sand-fill- 
ing and  the  face;  (2)  the  great  depth  of  future  work- 
ings will  render  increasingly  diflScult  the  lowering  of 
the  sand  and  dealing  with  the  water  which  must  be 
used  for  its  transport. 

In  mines  not  subjected  at  the  time  of  filling  to  ex- 
cessive weight,  sand-filling  is  satisfactorily  used  as 
support  to  the  hanging-wall  where  ore  has  been  mined 
over  large  areas;  the  hanging-wall  then  settles  in  a 
mass  and  the  filling  controls  and  minimizes  the  settle- 
ment. 

Methods  of  Supporting  Hanging-Wall. — There  re- 
main three  chief  methods  of  supporting  hanging-wall 
in  such  close  proximity  to  the  working  faces  as  the 
heaviest  mines  require. 

(1)  The  packing  or  stowage  of  waste  rock  which  is 
either  broken  during  development  or  especially  broken 
for  the  purpose.  Its  drawback  is  due  to  the  layout 
usual  to  such  mines  and  to  difficulties  caused  by  the 
angle  of  dip  when  it  lies  between  15°  and  40°. 

(2)  The  square-set  method  of  timbering,  which  is 
quite  unused  on  the  Rand  because  of  the  absence  of 
local  timber  and  the  high  cost  of  imported  timber  and 
skilled  labor. 

(3)  The  use  of  round  timber  for  props,  stulls  and 
pig  stys,  which,  especially  in  the  last  form,  are  solving 
some  of  the  difficulties  of  the  hanging-wall  problem  at 
reasonable  cost.  These  must,  of  course,  be  filled  with 
waste  or  reef  to  be  of  the  least  use  except  for  mo- 
mentary purposes. 

(4)  The  packing  of  ore  actually  broken  at  the  stope 
face. 

The  last,  in  Mr.  Cazalet's  opinion,  is  the  only  method 
which  entirely  meets  the  requirements  in  workings 
where  the  angle  of  dip  does  not  exceed  60° — of  such 
conditions  of  weight  as  exist  in  modern  mines. 

Some  of  the  indirect  advantages  of  this  system  of 
support  follow:  Pillars  need  not  be  cut;  the  con- 
trolled "weight"  assists  in  the  breaking  of  the  ore; 
falls  of  hanging-wall  which  would  impede  stoping  op- 
erations are  prevented;  broken  ore  is  concentrated  in 
limited  areas,  as  the  packs  prevent  the  scattering  of 
ore  when  blasting  takes  place;  time  is  saved  in  bar- 
rigging  and  dismantling  or  repairing  tracks,  shoots 
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and  pipe  lines;  and  the  probabilities  of  accidents  are 
minimized. 

Mr.  G.  Hildeck-Smith  summarizes  aa  follows  the  va- 
rious methods  of  packing  in  stopes  of  the  Ferreira 
Deep  Section. 

Packing  in  T>'pical  Main  Reaf  Leader  Machine 
Slopes  i»f  .Vvi-raK*"  Stopiiii;  Width  of  ".'>  In. — In  thi.s 
class  of  stope  the  hanging-wall  is  usually  so  bad  as  to 
I'ect'S.sitate  building  packs  within  from  G  to  8  ft.  of  the 
machine  benches.  The  packs  are  built  of  broken  ore 
from  the  current  stope  faces,  and  are  supported  first 
by  timbers  and  lagging  poles.  The  foundation  timbers 
are  about  10  in.  in  diameter  and  10  ft.  apart,  carefullv 
placed  in  hitches  but  without  headboards.  These  tim- 
bers are  set  in  such  a  way  as  best  to  withstand  the 
shock  of  blasting.  Lagging  poles,  12  ft.  long  by  3  in. 
in  diameter  at  the  small  end,  are  placed  across  the 
timbers,  beyond  which  they  project  about  1  ft.  They 
are  placed  about  12  in.  apart  to  allow  for  "wings,"  a 
lateral  extension  to  the  original  pack  formed  by  plac- 
ing lagging  poles  over  one  of  the  stull  posts  of  the 
original  pack  between  the  ends  of  its  lagging  poles 
and  over  a  new  timber  placed  as  reqjircd,  this  widen- 
ing the  pack  foundation  and  continuing  the  packing 
off  the  new  extension.  It  is  important  that  the  back- 
wall  of  the  pack  be  so  built  that  when  ne  timbers  and 
lagging  poles  fail  or  are  removed,  only  the  filling  falls 
away.  A  great  advantage  of  this  type  of  pack  is  that 
timbers  and  lagging  poles  can  be  withdrawn  and  used 
over  again. 

In  building  packs  of  this  type,  the  back  and  retain- 
ing walls  should  be  commenced  with  the  main  footwall 
as  a  foundation  and  not  built  on  loose,  broken  rock. 
The  farther  retaining  wall  should  always  be  built  up 
ahead  of  the  one  nearer  the  face,  thus  the  rock  from 
tl)§  blast  is  shot  into  the  pack.  This  sort  of  pack  is 
most  satisfactorj'  where  there  is  heavy  blasting,  and  in 
stopes  dipping  at  10°  to  35' 

Packing  in  Main  Reef  Leader  and  South  Reef  Stopes 
of  an  Average  Stoping  Width  of  65  in. — The  work  in 
this  class  of  stope  is  generally  done  by  small  machines 
or  hand  labor,  with  a  view  to  saving  time  and  timber. 
Pig  .stys  are  built  either  of  square  or  round  timber  8  ft. 
long  by  5  in.  thick,  square  timber  being  the  easiest  to 
handle  in  steeply  inclined  stopes.  The  foundation  of 
a  pigsty  consists  of  two  lagging  poles  set  as  stull 
pieces;  by  the  time  these  poles  are  broken  by  the  sub- 
.sidence  of  the  hanging-wall,  the  pigsty  has  been  tight- 
ened sufficiently  to  stand  by  itself.  Near  stope-faces 
they  are  protected  by  stacked  ore  as  a  buffer  against 
blasting. 

Where  p;icking  is  not  subjected  to  blasting  pigsties 
of  old  timber  or  packs  of  waste  rock  only  are  gener- 
ally used  to  support  hanging-wall. 

Pipe  Lines  and  Intermediate  Tracks. — Systematic 
packing  facilities  stope  watering  and  the  supply  of 
compressed  air  to  the  machine  stopes,  as  pipe  lines  are 
placed  through  the  stopes  away  from  the  stope  face 
and  behind  the  packs  so  that  pipes  are  rarely  put  out 
(  f  order  by  blasting.  Down  the  stopes  from  the  pipe 
lines,  horizontal  branch  lines  are  connected  and  ex- 
tended to  the  stope  faces.  Intermediate  tracks  are  laid 
between  the  packs  50  ft.  apart  through  the  stope.  On 
these  the  ore  is  trammed  at  fixed  footwall  chutes. 
This  is  the  most  efficient  means  of  removing  broken 
ore  from  a  stope  of  29  ,  but  packing  makes  interme- 
diate tracks  on  this  angle  of  dip  still  more  efficient. 
In  a  large  machine  stope  where  packs  are  only  10  ft. 
from  the  face  and  a  bench  has  been  blasted  between 
the  pack  and  the  face,  the  quick  clearing  away  of  the 
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broken  ore  is  facilitated  by  small  trucks  run  close  to 
the  face,  so  that  bar-rigging  can  be  begun  sooner. 

The  good  result.s  obtained  from  these  various  meth- 
ods of  packing  for  the  support  of  the  underground 
workings  of  the  Rand  mines  is  now  more  fully  appre- 
ciated, and  it  is  more  usual  to  find  conditions  ap- 
proaching those  than  the  Ferreira  Deep.  A  point 
which  should  not  be  overlooked  is  that  once  having 
begun  ore-packing  it  is  essential  that  enough  be  done 
to  make  the  reclamation  of  the  packs  possible.  This 
can  be  hoped  for  if  packing  is  curtailed  to  maintain 
uniform  monthly  fiutputs. 


Bonna  System  Reinforced  Concrete  Pipes 
in  Antwerp  Waterworks  Extension 

Til.-     i;ii-.-!n.  .r 

In  1912  it  became  necessary  to  increase  for  the  sec- 
o'ul  time  the  size  of  Antwerp'.-*  water  work.s.     After 


careful  investigation  the  Bonna  System  of  reinforced 
concrete  pipes  was  adopted.  These  pipes  consist  of 
a  .steel  liner  2  mm.  thick,  acetylene  welded  at  the  cir- 
'jumfcrential  and  longitudinal  joints  and  reinforced 
internally  and  externally.  The  outer  reinforcement 
is  of  10  mm.  steel  rod,  wound  spirally  around  the 
liner  with  a  pitch  of  about  75  mm.  It  is  kept  clear  of 
the  liner  by  rods  of  4  mm.  diameter,  spaced  every  10 
cm.  around  its  circumference.  The  internal  rein- 
forcement is  merely  to  hold  the  internal  cement,  and 
is  formed  of  a  4  mm.  steel  rod  wound  spirally  with 
longitudinal  rods  of  the  same  diameter  arranged  as 
in  the  external  reinforcement.  The  reinforced  liner 
i.s  placed  in  a  vertical  mould  and  the  pipes  cast  from 
the  platform  of  a  traveling  guntry.  The  mixture  used 
is  half  Rhine  sand,  '»  Portland  cement  awd  1  6 
"Porte  de  France"  (n  special,  quick-setting  cement) ; 
the  moulds  can  be  removed  in  about  20  minutes.   The 
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ends  of  the  steel  linei-s  are  left  uncovered  for  a 
length  of  10  cm.  when  casting  the  pipe  and  the  joints 
are  made  by  butting  these  ends  and  placing  a  steel 
band  around  them.  Yarn,  soaked  in  bitumen,  is 
caulked  into  the  band  and  the  joint  is  finished  with 
lead  tubing  filled  with  yarn;  a  ring  of  reinforcement 
is  then  slipped  in  place,  and  the  joint  cast  solid  in 
cemeht. 


Causes  of  Spontaneous  Combus- 
tion of  Waste 

By  JAMES  SCOTT 

The  Railway  Engineer. 

Every  engineer  must  know  the  dangers  of  undis- 
turbed heaps  of  oily  cloths  and  cotton  waste,  and  be  in- 
terested in  learning  how  the  condition  arises. 

At  the  outset  it  should  be  understood  that  oil  or  oils 
include  fats,  which  become  oils  at  specific  tempera- 
tures; there  is  no  chemical  difference  between  solid 
and  liquid  tallow.  Many  oils  are  oxidizable,  and  con- 
tinually attract  oxygen  to  themselves,  and,  by  inti- 
mately uniting  with  it,  thicken  or  dry.  This  is  the  dan- 
gerous quality  upon  which  much  of  the  risk  of  spon- 
taneous combustion  depends.  Linseed  oil,  for  example, 
will  oxidize  to  a  rubbery  consistency.  But  many  of  the 
ordinary  lubricants  and  cleaners  commonly  regarded 
as  non-driers  and  presumably  devoid  of  the  power  of 
gumming  or  clogging,  are  liable  to  the  same  results  in 
a  less  degree.  Mixed  oils,  although  often  of  a  perma- 
nent constitution  in  normal  use,  are  often  mixed  with 
others  which  alter  considerably  in  this  direction.  Pure 
oils  are  rarer  than  the  engineer  supposes,  from  the 
easy  way  in  which  he  specifies  "pure  oil."  But  non- 
oxidizable  oils  give  rise  to  combustion  more  slowly, 
although  the  final  effects  are  as  dangerous  as  those 
due  to  more  sensitive  varieties. 

Most  animal  and  vegetable  oils  used  as  lubricants 
or  cleansers  are  composed  of  particular  fatty  acids — 
butyric,  valeric,  lanric,  stearic,  linoleic,  ripic,  oleic, 
and  in  combination  with  glycerin,  and  are  consequent- 
ly known  as  glycerids.  Exceptions  such  as  fish  or 
sperm  oil,  largely  composed  of  combined  monohydric 
alcohols  and  oleic  or  doeglic  acids,  need  not  be  closely 
considered,  as  this  article  deals  generally  with  the 
subject.  As  a  whole,  most  have  carbohydrogen  and 
oxygen  in  their  constitution,  and  when  decomposed  by 
natural  or  artificial  means  these  elements  enable  com- 
bustion to  proceed  quickly.  The  elaborate  gases  thus 
formed  are  very  inflammable  and  cause  a  continuous 
spread  of  fire  if  not  checked.  Spontaneous  combustion 
may  begin  insignificantly  and  not  become  noticeable 
for  a  long  time. 

Carbon,  when  sufficiently  heated,  burns  in  air  to 
carbonmonoxide,  which  adds  to  its  power,  while  the 
hydrogen  is  capable  of  ready  ignition,  and  oxygen  sup- 
ports and  aids  combustion.  Excess  oxygen  forms  car- 
bon dioxid,  which  is  non-inflammable  and  would  tem- 
porarily suppress  flame.  But  the  modifications  are  so 
delicate  that  they  may  suitably  dispose  themselves  for 
ignition.  The  products  of  greasy  disintegration  are 
thus  favorable  for  the  development  of  fire. 

Glycerin  is  alcohol,  technically  known  as  glycerol. 
When  heated  it  completely  vaporizes,  leaving  no  trace 
of  residue  or  soot.  It  has  been  proved  that  when  some 
oils  turn  rancid  the  glycerin  content  is  greatly  re- 
duced, and  yet  it  has  been  found  impossible  to  trace 
its   method   of   disappearance.     It   seems    reasonable. 


then,  as  it  does  not  enter  into  new  combinations,  that 
it  is  slowly  evaporated  and  lost. 

Mineral  oils  do  not  like  oxygen.  Indeed,  so  immune 
are  they  from  its  presence  and  from  the  power  of  at- 
tracting it  that  the  chemist  habitually  preserves  in 
them  any  substance  (like  metallic  sodium  or  potas- 
sium) from  which  it  is  absolutely  necessary  to  exclude 
oxygen. 

But  oils  of  this  sort  vaporize  naturally,  and  at  cer- 
tain temperatures,  or  "flash  points,"  these  fumes  be- 
come ignitable.  Ordinarily,  unless  highly  concen- 
trated, they  are  quite  safe.  But  when  used  in  combi- 
nation with  oxidizable  oils,  their  vapors  may  add  to  the 
dangers  of  sudden  firing.  Many  believe  that  a  mixture 
of  animal  or  mineral  oils  is  safer  than  either  alone. 
This  may  be  true,  but  it  is  almost  certain  that  beyond 
that' limit  the  vapor  of  the  mineral  oil  hastens  com- 
bustion. 

There  is  every  reason  to  justify  the  conclusion  that 
aerobic  bacteria  and  bacilli  exert  a  strong  influence 
upon  bringing  about  spontaneous  combustion.  They 
excrete  or  develop  enzymes  which  ferment  the  oil  into 
a  rancid  condition,  thereby  decomposing  into  simpler 
forms.  That  germs  can  enormously  increase  the  tem- 
perature of  organic  refuse  is  seen  in  the  steaming  hot- 
beds of  manure.  The  water,  moisture  and  ammonia 
check  ignition.  In  automatically  heated  haystacks,  for 
example,  the  dry  alcohol  evolved  from  the  packed 
starches,  gums  and  sugars  in  the  stalks  ignites  and  the 
whole  afterward  flares.  An  abundance  of  stagnant 
air  is  necessary  before  spontaneous  combustion  can 
take  place.  This  would  seem  to  be  absent  from  dense 
piles  of  cotton  waste  and  kindred  stuffs,  but,  as  a  fact, 
fibrous  arrangement  facilitates  its  dispersal  among  the 
fibers  and  retention.  However  compact  they  look,  they 
are  entangled  with  air  held  in  the  small  cavities 
formed  by  their  interlacing.  The  oil  contracts  inTO 
beads  at  intervals  along  them;  and  when  these  beads 
meet  they  produce  curved  films  which  bridge  the  fibers. 
The  mass,  therefore,  consists  of  a  system  of  separated, 
thin  oil  membranes,  surrounded  by  a  plentiful  supply 
of  air.  Undisturbed  chemical  and  microbic  activity 
decomposes  the  animal  or  vegetable  oil  and  releases 
the  inflammable  vapors  into  the  spaces.  There  is  a 
corres'ponding  increase  in  temperature,  and  if  this  is 
favored  by  artificial  warmth  in  the  vicinity  the 
changes  are  hastened.  A  minute  portion  of  the  mass 
may  ignite  and  gradually  extend  the  mischief  until  the 
whole  lot  is  involved  and  visible  flames  appear.  The 
flbers  feed  the  combustion  and  it  hardly  matters  what 
their  nature  is.  Cotton  is  commonest,  yet  waste  silk 
may  be  used;  this  is  even  more  liable  to  ignite.  Hemp 
and  jute  are,  like. cotton  wool,  nearly  as  bad  as  silk. 
In  my  experiments  I  used  cotton  waste  soaked  in  olive 
oil,  and  olive  oil  with  mineral  oil.  There  was  little 
actual  difference  between  the  detectable  results  of  the 
tests,  so  the  illustrations  depict  the  orthodox  behavior. 
Inferior  olive  oil,  known  as  gallipoli  or  engine  oil,  is 
sold  for  lubrication  or  cleaning.  Most  engineers  shun 
it.  but  the  best  makes  an  excellent  locomotive  oil. 

When  greasy  cotton  waste  remains  in  a  glass  vessel 
at  a  fairly  high  temperature,  it  ignites  without  the 
contact  of  naked  flame.  After  ignition  the  charred 
fibers  are  shrunken  and  friable,  with  black  globules 
indicating  the  residue  of  the  consumed  oil.  Upon  the 
glass  will  be  found  small  patches  of  opaque  white  fat, 
minutely  crystalline,  which  are  the  fatty  acid  matter 
previously  in  combination  with  the  mobile  fluids. 
There  are  also  peculiar  meshes  consisting  of  globules 
inside  one  another,  which  give  a  clue  to  the  way  in 
Avhich  gases  percolate  through  denser  substances. 
(22) 


July  31,  1918. 


ENGINEERING     AND     CONTRACTING 


119 


The  Rangoon  Training  Wall 


On  Feb.  17.  l'J14,  the  future  of  the  fine  port  of 
Rangoon  was  assured  by  the  completion  of  a  train- 
ing wall  10,000  ft.  long  extending  from  above  Ran- 
goon to  within  2,000  ft.  of  Mower's  Point,  opposite 
the  city. 

For  years  the  business  of  the  port  has  been  threat- 
ened by  the  fact  that  the  river,  which  is  the  chief 
channel  of  its  trade,  was  leaving  the  town,  and  that 
sand  banks  were  forming  in  hitherto  valuable 
reaches.     Just  above  the  city  the  river  changes  its 


Section   of    Raneoon    Training    Wall. 

course  at  almost  right  angles.  The  4  to  6-mile  cur- 
rent gradually  eroded  a  channel  on  the  outside  of 
the  bend  away  from  the  city.  At  one  place  opposite 
Rangoon,  too,  one  point  offered  such  resistance  that 
the  flow  deflected  diagonally  across  the  bed  toward 
wharves  and  quays  which  it  bade  fair  to  destroy. 

In  1901,  Mr.  G.  C.  Burnham,  C.  I.  E.,  M.  Inst.  C.  E., 
first  seriously  took  the  matter  in  hand.  For  some 
years  the  prosecution  of  the  remedy  was  delayed  by 
a  difference  of  opinion  as  to  means,  but  in  1910  the 
scheme,  slightly  modified,  received  the  sanction  of 
the  Government  of  India. 

It  was  proposed  to  dredge  a  channel  in  front  of 
the  wall,  whose  top  would  be  5  ft.  above  low  water 
of  springtides.  The  river  bed  along  the  wall  line  is 
fine  sand  and  silt  from  6  to  10  ft.  thick,  overlying 
gravel.  The  wall  cuts  off  a  300-acre  area  which  is  now 
silting  up  at  the  rate  of  3  ft.  per  month,  and  will 
eventually  be  reclaimed. 

The  wall  stands  on  a  mattress  base  230  ft.  wide. 
This  floor  was  composed  of  225  mattresses  each  125 
ft.  long  by  75  to  80  ft.  broad  and  3  ft.  thick.  They 
were  constructed  of  5,500,000  brushwood  bundles, 
together  with  53,000  bundles  of  stakes.  The  mat- 
tresses were  put  together  on  specially  constructed 
slipways,  and  they  had  to  be  made  while  the  slipway 
was  uncovered  at  low  water.  From  250  to  300  men 
were  employed  for  5  to  7  hours  on  each  mattress.  As 
the  tide  rose  the  mattress  floated;  a  bamboo  boom 
was  placed  under  one  edge  and  tugs  towed  the  mat- 
tress to  the  site. 

There  the  mattress  was  brought  into  position  be- 
tween four  circular  pontoons  and  arrangements  were 
made  for  guiding  the  mattress,  as  it  sank  by  ropes 
attached  to  the  anchors.  Then  stone  from  the  barges 
on  either  side  was  deposited  by  coolies  on  the  mat- 
tress from  the  middle  outwards.  When  the  sinking 
nf  the  mattress  permitted,  the  barges  were  moved 
above  it,  and  as  rapidly  as  possible  deposited  the 
stone.  Only  80  tons  were  needed  to  sink  a  mattress, 
but  about  300  tons  were  always  used.  This  amount 
was  placed  by  120  to  150  men  in  20  minutes. 

The  stone,  of  which  over  1,500,000  tons  have  been 
used,  was  mainly  granite  obtained  from  the  Island 
of  Kalagouk,  which  is  135  miles  distant  from  Ran- 
goon in  the  open  sea.  This  island  was  uninhaliitcd. 
covered  with  tropical   vegetation   and   had  a  rainfall 


cf  200  to  260  in.  in  the  year.  The  quarries  had  to  be 
opened  up,  piers  built  and  quarters  arranged  for 
1,000  employes.  Complete  hospital  equipment,  mili- 
tary police,  post  ofl^ice  and  cable  to  the  mainland  had 
to  be  provided,  and  a  pier  built  in  deep  water  from 
which  two  cableways  carrying  skips  accommodating 
7  tons  of  stone  connected  with  the  shore.  The  steam- 
ers were  moored  inside  the  pier  and  the  stone  de- 
posited direct  into  the  holds  from  the  skips. 

It  was  originally   intended  to  leave  the  wall  at  a 
level  of  5  ft.  above  low  water,  but  the  water  fell  over 
the  wall  with  such  force  as  to  result  in  a  great  deal 
of  scour  at  the  back,  where  it  was  desired  to  induce 
natural  situation.    The  wall 
was   therefore    raised   9   ft. 
by  means  of  reinforced  con- 
crete cribs  3  ft.  square,  tied 
by  iron  rods  and  filled  with 
loose  stone.     It  was  found 
that  natural  scour  so  rapid- 

ly     deepened    the    channel 

that  dredging  was  unneces- 
.-ary. 
The  cost,  including  the  superstructure,  was  £920,- 
000;  the  estimated  cost  was  £1,000,000.  The  force 
employed  averaged  about  2,500  men.  The  work  was 
finished  in  4  years  e.xactly,  1^4  years  less  than  the 
estimated  time. 


Rail-Creep 

By  FRANK  REEVES,  M.  Inst.  C.  E. 

.M..str.ict    of    paper    read    at    mcctiriK    of    In«titutioii    of    Civil    En- 
Klnecrs 

The  author  began  his  experiments  to  determine  the 
cause  of  rail-creep  by  passing  a  wooden  wheel  several 
times  in  succession,  in  one  direction,  over  a  planed 
white  pine  lath  resting  on  a  hardwood  bench,  and 
found  to  his  surprise  that  the  lath  had  moved  bodily 
about  2  millimeters  in  the  direction  of  travel,  the  total 
amount  of  the  latter  having  been  about  14  meters.  Up 
to  that  time  the  author,  in  common  with  many  other 
railway  engineers,  had  held  the  opinion  that  creep  was 
probably  due  to  temperature  changes,  assisted  by  the 
movement  of  trains. 

After  a  further  series  of  experiments,  he  reached 
the  following  conclusions: 

(1)  Creep  of  rail  is  due  primarily  to  deformation  of 

the  rail  as  the  wheel  passes  over  it.  It  may 
be  likened  to  the  movement  of  dough  when 
rolled  under  a  rolling-pin. 

(2)  The  more  violent  the  deformation,  the  greater 

the  creep.     That  is  to  say,  that  creep  is  in- 
creased by 
{&)   Increasing  the  wheel-load; 
(b)    Diminishing  the  rigidity  of  the  rail,  by  either 
reducing  its  section  or  using  a  weaker  ma- 
terial. 
He  then  sets  out  in  detail  the  evidence  in  support  of 
these  conclusions,  and  proceeds  to  discuss  the  influ- 
ences of  various  factors  as  follows: 

Weight  of  Wheel.  This  appears  to  be  the  most  pow- 
erful factor  affecting  the  amount  of  creep. 

Rigidity  of  I^th.  In  every  case  the  creep  was  much 
greater  with  the  lath  on  the  flat  than  with  the  same 
lath  on  edge. 

Continuous  versus  Intermittent  Support.  With  the 
pine  lath  the  creep  is  always  greater — from  twice  to 
four  times — when  the  lath  is  supported  on  sleepers 
resting  f>n  the  naked  bench.  The  effect  was  heightened 
when   the  last  w;i-i  nn   ih.>   flat  as  compared  wi'h  on 
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edge,  which  again  bears  out  the  theory  that  creep  is 
an  eflfect  of  deformation  in  the  rail. 

Yielding  of  the  Support.  From  the  experiment  with 
the  pine  lath,  the  general  conclusion  is  that  interpos- 
ing a  strip  of  rubber  between  the  bench  and  the  lath 
made  little  difference,  even  reducing  the  creep,  if  any- 
thing (except  in  one  case  with  a  heavy  wheel  on  a  lath 
on  the  flat).  It  would  appear  that  with  a  light  wheel- 
load  and  a  rigid  rail  the  yield  of  the  road-bed  has  lit- 
tle effect;  but  that  with  a  heavy  wheel-load  on  a  flexi- 
ble rail  the  creep  is  decidedly  increased  by  a  yielding 
road-bed. 

The  author  finally  comes  to  these  views  as  to  the 
cause  of  rail-creep:  It  is  caused  primarily  by  defor- 
mations of  the  rails  under  the  rolling  loads,  assisted  by 
temperature  changes,  which  cause  fish-joints  to  slip 
and  lessen  the  resistance.  Where  track  is  on  a  yield- 
ing road-bed,  creep  is  intensified,  especially  under 
heavy  wheel-loads.  It  is  also  accentuated  by  braking, 
in  places  where  regular  stops  are  made.  Creep  is 
greater  down-hill  than  up-hill,  but  it  is  by  no  means 
absent  on  the  latter.  It  is  usually  asserted  to  be  worse 
in  hot  weather  than  in  cold.  Creep  is  always  with  the 
traffic.  On  single  track  lines  there  is  normally  no  trou- 
ble with  creep.  But  if  there  is  a  preponderance  of 
traffic  in  one  direction,  more  or  less  creep  takes  place 
in  that  direction.  Creep  may  be  resisted  by  putting  in 
enough  anchorage. 


Industrial  Housing  Schemes  of 
Dundee 

From  an  article  by  James  Thomp.son,  Oitv  Engineer  and 
j\rchitect,   in  The   Surveyoi'  and   Municipal  and  County   Engineer- 

The  following  schemes  for  the  housing  of  the  work- 
ing people  of  Dundee  embody  several  features  of  un- 
usual comfort,  sanitary  advantage  and  economy.  Each 
scheme  took  its  name  from  a  park  district  so  nearly 
adjoining  the  central  industrial  area  as  to  be  readily 
accessable  and  yet  be  in  an  open  and  healthful  locality. 

Instead  of  continuous  ranges  of  tenements  imme- 
diately on  the  streets,  with  infrequent  openings,  the 
proposed  tenements  are  planned  in  short  lengths  with 
large  open  spaces  in  front,  in  rear  and  at  the  ends  of 
blocks.  As  far  as  land  levels  permit,  all  tenements 
are  so  placed  that  the  sun  reaches  during  a  part  of 
every  day  the  windows  of  all  living  rooms.  The  erec- 
tion of  wash  houses  and  cellars,  usual  on  the  back 
space  of  tenements,  has  been  entirely  omitted,  and  the 
land  kept  free  from  out-buildings,  boundary  walls  and 
similar  obstructions. 

Space  is  provided  for  garden  allotments,  and  areas 
reserved  for  children's  playgrounds.  An  important 
departure  provides  land  on  which  wash  houses  and 
baths  may  be  erected  for  the  use  not  only  of  the  occu- 
pants of  the  new  houses,  but  for  the  convenience  of 
other  householders  of  the  neighborhood.  In  addition, 
since  the  schemes  aim  to  benefit  equally  those  who  oc- 
cupy the  smallest  houses  as  well  as  the  largest,  land 
is  provided  in  each  project  for  the  erection  of  a  day- 
nursery. 

Save  where  exceptional  surroundings  warrant  three 
stories,  the  height  of  tenements  is  limited  to  two 
stories;  there  are  to  be  no  ash-pits,  and  the  special 
system  of  ashbins  is  provided  for  removing  house  ref- 
use. No  separate  wash-houses  and  baths  will  be  used, 
a  central  building  for  washing  and  bathing  being  sub- 
stituted. It  is  suggested  that  a  central  heating  and 
hot  water  supply  might  be  there  installed,  to  econo- 
mize fuel,  to  convenience  the  occupants  and  abate  the 
smoke  nuisance. 


Mr.  Thompson  recommends  that  effort  be  made  to 
obtain  land  at  such  a  price  that  the  annual  charge  on 
each  tenement  will  be  only  slightly  in  excess  of  10 
shillings.  At  this  rate,  on  the  basis  of  20  houses  to 
the  acre,  the  price  payable  at  20  years'  purchase  should 
not  be  more  than  £200  per  acre. 

In  preparing  the  statement  (a)  interest  is  calculated 
at  5  per  cent  per  annum;  (b)  the  loan  period  is  taken 
at  60  years;  (c)  the  system  of  repayment  is  by  equal 
annual  installments  of  interest  and  principal  com- 
bined, amounting  together  to  £5  5s.  8d.  per  cent;  (d) 
the  cost  is  taken  at  probable  post-war  rate,  standard- 
izing of  parts,  simplicity  in  design,  and  economy  in 
construction  being  aimed  at;  (e)  a  grant  in  aid  by 
the  state  is  assumed  at  25  per  cent  of  the  cost  of  the 
buildings  only;  (f)  no  property  tax  is  chargeable; 
and  (g)  the  rent  payable  includes  tenants'  rates, 
garden  allotment,  house  furnishings  and  6d.  per  week 
for  the  use  of  baths  and  wash-houses  and  for  the  sup- 
ply of  hot  water  to  kitchen-scullery  and  radiator  to  liv- 
ing room. 

STERLING    PARK    SCHEME. 
Expenditures. 

£.     s.    d. 

Cost  of  buildings    £58,000 

Less  proposed  grant   in   aid     14,500 


£43.500  at  £5  5s  8d  per  cent. 2. 29S  0  0 

•Owners'  and  occupiers'  rates.  £2,45.'.,  at  6o  9d  per  £..  828  0  0 
Repairs,  manag-ement,  etc.,  on  net  rental,    £2,453,  at   10 

percent    245  0  0 

Fire  insurance,    £40,000,   at   Is  6d  per  cent 30  0  0 

Payment    to    baths    and    wash-houses    department.    172 

houses  at  6d  per  week   224  0  i) 

Tctal   expenditures    .3,625    0     0 

Revenue. 

6  houses  of  hving'-room   and  kitchen-scullery,   at  6s  6d 

per  week    jQi     g     o 

124    houses    of    living-room    and    kitchen-scullery    and 

bedroom,  at  8s  per  week    2,579     4     0 

42   houses  of   living-room,   two   bedrooms   and   kitchen- 
scullery,   at  9s  6d  per  week    1.037     8     0 

Total    revenue    3,718     0     0 

SPRINGFIELD  SCHEME. 
Expenditures. 

£.     s.  d. 

Cost    of   buildings    £168,000 

Less  proposed  grant  in  aid       42,000 

£126,009  at  £5  5s  Sd  per  cent. 6, 657  0  0 

•Owners'  and  occupiers'  rates,  £6,765,  at  6s  9  d  per  £.2,283  0  0 
Repairs,  management,  etc.,  on  net  rental,    £6,765,  at  10 

percent    G76  0  0 

Fire  insurance,    £  120,000,  at  Is  6d  per  cent 90  0  0 

Payment    to    bath    and    wash-houses    department,    479 

iiouses,   at   6d  per  week    623  0  0 

Total   expenditures    10,329     0     0 

Revenue. 

20  houses  of  living-room  and  kitchen-scullery,  at  6s  6d 

per   week    338     0     0 

362    houses    of    living-room,    1    bedroom    and    kitchen- 
scullery,  at  Ss  per  week  7,529  12     0 

97    houses    of    livinG--room.    2    bedrooms    and    kitchen- 
scullery,   at  9s   6a   per  week    2,395  IS     0 

Total    revenue    10,263  IS     0 


LOGIE   SCHEME. 
Expenditures. 


Cost    of   buildings    £110,000 

Less  proposed  grant  in  aid      27,500 


(24) 


£   82.500  at  £5  5s  Sd  per  cent. 4, 359  0  0 

•Owners'  and  occupiers'  rates.  £4,466,  at  6s  9d  per  £..1,507  0  0 
Repairs,  management,  etc.,  on  net  rental,    £4.466,  at  10 

per   cent    446  0  0 

Fire  insurance.    £80,000.  at  Is  6d  per  cent    60  0  0 

Payment    to    baths    and   wash-houses    department,    314 

houses,   at   6d   per  week    408  0  0 

Total    expenditures     6,780     0     n 

Revenue. 

12  houses  of  living-room  and  kitchen-scullery,  at  6s  6d 

per   week    202  16     0 

228    houses    of    living-room,    1    bedroom    and    kitchen- 
scullery,  at   ?s  per  week   4,742     8     0 

74    houses    of    living-room,    2    bedrooms    and    kitchen- 
scullery,   at   9s  Od  per  week    1,827  16     0 

Total   revenue    6,773     0     0 

SUMMARY. 
Cost  of  buildings,  less  grant  in  aid.  3  schemes.  965  houses.  £253.000 
Estimated   annual    expenditure,    3    schemes.    965    houses.  .       20-734 
Estimated  annual  revenue,  3  schemes,  965  houses 20  754 

•Note — Rents    have    been    fixed    at    such    rates    as    will    enable 
pnue  to  meet  expenses. 
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Compound   1  ype  of  Breakwater 
at  (Gibraltar 

Minut>-s  of  th<-   liistiiiiiiMii  ,.t  I'iMl   i:iiKiiU't'rii. 

The  need  for  safe  anchorage  for  vessels  in  all  weath- 
ers, as  well  as  for  equipping  the  Empire's  fortress  that 
guards  the  entrance  to  the  Mediterranean,  brought 
about  the  extension  of  the  dock  yards  and  enclosure 
and  the  defense  of  the  Gibraltar  Harbor  under  the 
Naval  Works  Act  of  189C,  'ii?,  '99.  1901,  190S  and  1905. 
The  works  included  a  detached  breakwater  2,720  ft.  in 
length,  located  between  the  north  and  south  break- 
waters. 

In  order  to  start  the  biockwork  of  the  breakwater,  a 
steel  caisson  with  sloping  ends  and  of  the  following  di- 
mensions was  adopted: 

Ft.       In 

UenRth.   moulded,  on  botlom  101  2(; 

LeiiKth,  moulded,  on  top  of  llxed  purl   73  10^4 

Len^h.   moulded,   portable   bulwarks   72  lOH 

Bre.idth.    moulded     S3  0 

I'epth.    moulded,   of  fixed   part    37  6 

HelRht   of    portable   bulwarks    11  0 

Ivength   of  wall,   moulded    60  0 

The  angle  of  the  sloping  ends  was  70%  the  angle  at 
which  the  biockwork  was  laid,  while  the  breadth  of  the 
caisson,  33  ft.,  also  agrees  with  the  width  of  the  block- 
work  of  the  breakwater.  The  blocks  touching  the  cais- 
son were  grooved  to  suit  angle-bar  projections. 

.       2«    O' 


The  detached  breakwater  is  of  the  compound  type, 
with  a  rubble-mound  base  and  a  vertical  wall  super- 
.'■tructure  of  concrete  biockwork  which  is  finished 
above  high-water  level  with  ashlar  masonry  and  mass 
concrete.  The  ruling  width  of  the  biockwork  is  33  ft., 
and  the  diameter  of  the  heads  Gl  ft.  on  the  top.  The 
quay  level  is  11  ft.  above  low  water  and  the  parapet  15 
ft.  6  in. 

The  sea  bottom  is  sound,  and  the  depth  of  water  over 
the  site  ranged  from  about  45  ft.  at  the  south  end  to 
about  »)5  ft.  at  the  north  end;  on  the  seaward  side  of 
the  breakwater  this  increased  rapidly. 

The  rubble  mound  with  slopes  of  1'-  to  1  was 
brought  up  t<t  a  level  of  36  ft.  below  low  water,  equal 
to  30  ft.  9  in.  below  ordnance  datum,  e.xcept  at  the 
heads,  where  it  was  kept  5  ft.  6  in.  lower.  Before  any 
blocks  were  set  the  top  of  the  mound  was  carefully 
trimmed  and  leveled  by  divers  with  selected  small  ma- 
terial, and  on  the  surface  so  prepared  the  block  was 
set  on  the  sloping  system  (except  in  the  heads),  the 
angle  of  inclination  being  70\  The  top  of  the  block- 
work  (lower  angle)  lay  at  a  level  of  about  1\2  in.  above 
high  water. 

Two  36-ton  cranes,  each  with  a  radius  of  75  ft.,  were 
employed  for  block-setting.  One  was  first  erected  on 
the  caisson,  and  having  worked  its  way  southward, 
made  room  for  the  second,  which  worked  northward. 


aCNKRAI.  •■CTION 

General    Section    of    Compound    Type   of    Breakwater    Constructed    at   ClbraUar. 


The  caisson,  which  was  of  mild  steel,  was  divided 
longitudinally  into  5  main  compartments,  but  the  two 
end  divisions  were  subdivided  crosswise  into  three, 
making  9  compartments  in  all;  of  these  the  three  at 
tach  end  were  watertight,  while  the  others  formed  a 
central  well  without  a  bottom. 

On  reaching  Gibraltar  in  pieces  the  caisson  was  par- 
tially re-erected  on  the  foreshore  in  the  dockyard, 
launched  in  an  incomplete  state  owing  to  the  small 
depth  of  water  at  the  site,  completed  in  the  water,  and 
ballasted,  chiefly  with  burr  concrete,  to  a  uniform 
draft  of  32  ft. 

The  center  of  the  caisson  lies  at  a  distance  of  about 
1,116  ft.  from  that  of  the  North  Head,  and  after  the 
bed  had  been  carefully  prepared  and  leveled  by  divers, 
the  caisson  was  towed  out  to  the  site  and  carefully 
moored  into  exact  position,  there  being  then  a  clear 
depth  of  4  ft.  at  low  water  underneath.  It  was  then 
sunk  on  its  permanent  bed,  and  finally  filled  with  con- 
crete up  to  a  height  of  11  ft.  above  low  water. 

The  weight  of  the  hull  when  launched  was  about  280 
tons,  which  was  increased,  when  it  was  completed  and 
ballasted,  to  a  draft  of  32  ft.,  to  about  964  tons.  After 
the  final  concreting  the  whole  formed  a  monolithic 
mass  of  about  8,884  tons. 
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Concrete  bagwork  was  used  for  making  up  the 
sloping  beds  or  footings  for  the  blocks,  and  particular 
care  was  taken  that  each  block  was  accurately  bedded 
in  such  a  manner  that  there  should  be  no  tendency  to 
slip  away  at  the  bottom  from  the  course  previously  set. 
The  concrete  for  the  bagwork  was  of  quality  A,  and 
was  hand-mixed  close  to  the  spot  where  it  was  used. 
The  bags  of  concrete  were  laid  by  divers,  in  regular 
transverse  courses,  closely  packed,  and  well  pressed 
down.  The  bags  were  of  jute,  strongly  sewn,  and  about 
the  size  of  an  ordinary  cement  bag;  about  a  dozen  bags 
at  a  time  were  lowered  to  the  divers  on  a  special  cage 
or  tray. 

The  concrete  blocks  throughout  the  breakwater  were 
keyed  with  concrete  joggles,  and  no  joints  wider  than 
'I;  in.  were  allowed. 

The  blocks  in  the  round-heads  were  laid  horizontally, 
the  bottom  course  on  a  bed  of  concrete.  The  circular 
face-blocks  were  accurately  moulded  with  radial  joints 
and  were  tied  back  to  the  mass  work  and  hearting 
blocks  with  wrought-iron  clamps  3'-  in.  x  3'..  in., 
turned  down  1  ft.  6  in.  at  the  ends.  Special  blocks  were 
made  for  forming  the  junctions  between  horizontal 
and  sloping  work.  The  concrete  for  all  biockwork  was 
of  qualitv  1). 
?5) 
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The  top  course  of  sloping  blocks  and  the  correspond- 
ing course  of  horizontal  blocks  in  the  heads  were  faced 
with  limestone  ashlar,  and  the  coping,  as  well  as  posi- 
tions of  valves  and  inspection  openings,  have  been 
marked  in  the  usual  way. 


The  Worcester,  England,  Experi- 
ments with  Activated  Sludge 
Process 

The  Surveyor  and  .Municipal  and   County   Engineer. 

It  has  been  said  that  the  sludge  problem  is  the  sew- 
age problem,  and  that  the  solution  of  one  is  the  settle- 
ment of  the  other.  It  seems  as  if  the  Worcester  (Eng- 
land) experiment  has  gone  a  step  farther  to  prove  that 
the  activated  sludge  process  is  the  solution  of  the  sew- 
age disposal  problem. 

At  all  events,  the  resulting  sludge  is  an  innocuous 
material  and  may  be  deposited  anywhere  without  of- 
fense. That  the  activated  slude  does  possess  impor- 
tant fertilizing  properties  is  unquestionable,  but  the 
manner  of  applying  it  economically  to  the  land  is  still 
uncertain.  Simple  air-drying  for  a  few  weeks  in  very 
thin  layers  is  suggested,  then  conveying  by  mechanical 
traction  to  the  land  within  profitable  distances.  No 
offensive  smell  whatever  has  been  observed  from  the 
sludge  when  spread  out  in  this  manner.  Ic  soon  becomes 
stiff  enough  to  handle,  but  if  allowed  to  accumulate  to 
any  depth  it  holds  the  moisture  very  tenaciously.  If 
this  method  of  application  proves  practical  it  will  aid 
enormously  from  the  viewpoint  of  the  production  of 
food  crops. 

The  character  of  the  Worcester  sewage  is  an  average 
one  from  the  domestic  and  manufacturing  point  of 
view.  The  city  is  entirely  water-closeted,  most  of  the 
surface  water  is  separated  from  the  sewers,  and  the 
variety  of  manufactories  includes  breweries,  porcelain 
works,  glove  works,  tanneries,  chrome  leather  works, 
foundries,  engineering  works,  tinplate  works  and 
others. 

The  experiment  is  an  adaptation  of  the  continuous 
percolating  filter  to  the  matter  of  sewage  purification, 
and  was  made  by  the  firm  of  Jones  &  Attwood,  who 
agreed  to  take  two-thirds  of  one  of  the  tanks  of  the 
Salford  Sewags  Works,  alter  it  as  they  thought  neces- 
sary, and  try  out  their  theories.  If  not  successful  by 
the  end  of  12  months,  they  were  to  remove  their  plant 
and  restore  the  tank  to  its  original  state. 

The  experiment  was  to  be  considered  successful  if, 
without  nuisance  or  offense,  750,000  gal.  per  day  were 
treated  d  w  f,  or  twice  that  amount  w  w  f,  so  that  the 
resulting  effluent  should  be  incapable  of  putrefaction, 
and  contain  not  more  than  four  parts  by  weight  of 
suspended  matter  in  100,000  parts  of  effluent. 

The  purification  was  effected  by  keeping  the  acti- 
vated sludge,  which  held  the  myriads  of  oxidizing  or- 
ganisms, in  intimate  contact  with  the  liquid  to  be  puri- 
fied, and  by  keeping  the  organisms  supplied  with  a  suf- 
ficiency of  oxygen  from  the  air.  Hence  the  more  finely 
the  sludge  was  broken  up  and  the  more  evenly  it  was 
distributed  throughout  the  mass  of  liquid,  the  more  in- 
timate was  the  contact  between  the  solids  and  the 
liquid. 

Nothing  seemed  so  effectual  to  this  end  as  agita- 
tion of  the  entire  mass  of  liquid  and  solids  by  the 
blowing  in  of  atmospheric  air,  while  this  method  pos- 
sessed the  further  advantage  of  supplying  the  neces- 
sary oxygen  to  the  organisms. 
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Detritus  and  all  other  heavy  matter  in  the  sewage 
was  removed  before  the  liquid  passed  into  the  aeration 
tank.  This  tank  is  rectangular,  86  ft.  3  in.  by  78  ft.  by 
18  ft.  deep  from  coping  to  floor,  and  has  a  net  capacity, 
at  a  depth  of  17  ft.  3  in.,  of  626,000  gal.  It  is  divided 
into  9  longitudinal  bays  extending  from  the  inlet  chan- 
nel, which  runs  across  the  entire  width  of  the  tank  to 
its  opposite  end,  by  8  division  walls,  9  in.  thick,  all  the 
bays  having  a  water  communication  between  them  at 
the  lower  or  outlet  end.  These  bays  were  subdivided 
by  three  transverse  walls  finally  forming  36  rectangu- 
lar bays,  each  21  ft.  long  by  8  ft.  wide  and  18  ft.  deep. 
Of  these  20  were  devoted  to  aeration,  8  to  settlement 
of  the  sludge  and  the  remaining  eight  are  out  of  use. 

The  arrangement  for  aeration  consists  of  air  pipes 
laid  on  the  floor  of  the  tank,  which  is  flat,  containing 
perforations  for  the  exit  of  air  spaced  about  one  foot 
apart.  Any  material  increase  in  the  distance  between 
the  air  exits  was  found  to  result  in  the  settlement  of 
slude  on  the  floor  in  the  intervening  spaces. 

To  increase  the  intervals  and  to  avoid  piling  up  of 
sludge  on  the  tank  floor,  a  series  of  concrete  ridges 
and  furrows  has  been  constructed  over  the  entire 
floor  area  of  the  aeration  tank,  the  ridges  occupying 
the  spaces  on  which  the  sludge  would  accumulate  if 
the  floor  were  flat.  In  the  furrows  porous  tiles,  or  "dif- 
fusers,"  were  laid,  through  which  the  air  is  delivered 
to  the  liquid. 

In  the  first  longitudinal  set  of  bays,  which  receives 
the  raw  sewage,  the  rows  of  diffusers,  which  run  across 
the  bay  and  are  1  ft.  in  width,  are  separated  by  a  dis- 
tance of  5  ft.  By  these  a  vertical  circulation  of  water 
is  set  up,  returning  upon  itself  while  the  air  escapes 
at  the  surface.  In  the  remaining  aeration  bays  the 
distance  between  the  rows  of  diffusers  is  increased  to 
10  ft.,  thereby  reducing  the  consumption  to  one-half 
the  former  series  for  a  given  area  of  tank.  Each  row 
consists  of  8  diffusers  each  1  ft.  square,  laid  trans- 
versely across  the  bay.  The  resulting  circulation,  in- 
stead of  being  local  to  each  row,  as  in  the  first  longi- 
tudinal bay,  drives  the  liquid  forward. 

Advantage  is  taken  of  this  to  create  a  horizontal 
circulation  around  the  contiguous  series  of  longitudi- 
nal bays;  a  portion  of  the  water  returns  and  a  portion 
is  taken  by  the  next  pair  to  travel  in  a  horizontal  cir- 
cuit in  these. 

From  these  the  now  oxidized  liquid,  containing  its 
full  complement  of  suspended  sludge,  passes  into  the 
settlement  bays.  These  8  bays  are  formed  into  four 
tanks,  their  floors  shaped  like  inverted  pyramids  at 
an  angle  of  60°  from  the  horizontal.  At  the  apex  of 
each  pyramid  a  sludge  lift  is  provided,  consisting  sim- 
ply of  a  6-in.  pipe,  in  the  bottom  of  which  a  stream 
of  air  is  blown  which  raises  the  settled  sludge  and  dis- 
charges it  into  an  8-in.  horizontal  sludge  main,  which 
conveys  it  into  the  inlet  channel,  where  it  mixes  with 
the  incoming  raw  sewage  and  returns  to  the  aeration 
tank,  the  excess  sludge  being  drawn  off  and  conveyed 
to  sand  beds  for  drying  and  disposal. 

The  sludge  as  it  leaves  the  settling  bays  contains 
usually  about  95  per  cent  of  water,  in  addition  to  a 
considerable  quantity  of  free  water,  which  rapidly 
drains  away.  The  purified  effluent  is  decanted  from 
the  settling  tank  into  troughs,  which  convey  it  to  the 
effluent  channel.  The  total  net  capacity  of  the  aera- 
tion bays  affords  an  aeration  period  of  six  hours,  with 
a  rate  of  flow  of  one  million  gallons  per  24  hours,  plus 
20  per  cent  of  sludge.  The  settling  bays  give  a  deten- 
tion of  one  hour  and  40  minutes  for  the  same  rate  of 
flow,  but  without  the  sludge. 
26) 
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The  actual  quantity  treated  per  day  is  750,000  tea'-, 
which  gives  8  hours  aeration  and  2'i-  hours  settlement. 
Below  is  an  analysis  of  the  etiluent: 


Solids   In   suspeiiHlon    10.4 

Solldii  in  solution  dried  at  100c 161.0 

Solids  In  solution,  after  Ignition    112.0 

B.havlor  of  solids  In  Ipnitlon   |  ^'*Sd"od?r 

fhospliates    Trace 

Chlorine  calculated  as  common  salt.  6t.9 

Frer  and  saline  ammonia    2.0 

.Mbunilnold    ammonia    O.ST 

OxyKon  absorbed  In  4  hours 2  1 

Nitrogen  In  nitrates  and  nitrites 
Color 


Analysis  of 
■rre<>iicd  SewaK*- 

■•wage  aflluent  • 

Parts  per    lOO.OOu > 

Trace 

1430 

12«0 

BUckenlns, 

odor 

Trace 


67  ■ 


None 
Opalescent 


Z.C 

0.17 

0.5f. 

None 

SIlRhtly 

opaleaccnt 

Sllehtly 

brown 

Slight 

'Dissolved  atmospheric  oxygen  absorbed  In  5  days.   0.«3  parts 

per    1(10.000       N<i    nulrcfactlon    In    5   dnvs    (Incubation    test>       K.-- 
marks:     The  alcove   atlluent   Is   .snll.ifacK.rv 


Slow  Sand  and  Multiple  Filtration 

By  WALTER  CLEMENCE. 

Tl.c    I-:ni;ii.c.T 

One  of  the  greatest  drawbacks  to  slow  sand  filtra- 
tion is  the  impervious  layer  of  slimy  mud  deposited 
on  the  surface  of  the  filtering  medium.  Yet  since 
the  greater  part  of  the  bacteria  so  deposited  are  nitri- 
fying organisms  and  the  most  active  agents  in  the 
organic  purification  of  the  water,  the  efficiency  of 
the  filter  was  impaired  if  the  layer  was  disturbed, 
so  that  after  its  removal  the  value  of  the  filter  was 
not  re.stored  until  the  film  had  reformed.  The  form- 
ing of  the  film  is  of  course  accompanied  by  "loss  of 
head,"  so  that  by  the  time  the  filter  is  in  a  condition 
to  yield  pure  drinking  water,  the  output  has  stead- 
ily decreased  until  again  the  film  must  be  removed 
and  the  whole  process  repeated.     A  much  larger  fil- 


slow  sand  filtration  and  multiple  filtration  is  illus- 
trated in  F'ig.  1.  In  the  former  after  penetrating 
through  the  film  represented  by  the  thick  black  line 
in  the  left-hand  illustration,  the  water  first  Hows 
down  through  the  finest  material  and  then  through 
successively  coarser  mediums.  The  reverse  method 
is  used  in  multiple  filtration.  The  water  first  passes 
(right-hand  drawing),  through  the  coarsest  mate- 
rials and  then  in  turn  through  finer  and  finer.  Each 
bed  removes  some  of  the  suspended  matters  until  fin- 
ally, before  the  water  reaches  the  filter  proper,  they 
are  all  practically  removed  so  that  no  clogging  of 
the  filter  occurs.  It  is  necessary,  of  course,  to  cleanse 
the  materials  in  the  preliminarj-  beds,  and  fairly 
often  to  scrape  the  coarse  and  fine  sand  beds  just  be- 
fore the  final  filter. 
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Multiple    Filtration 


tering  surface  is  necessary  than  if  the  filters  could 
be  worked  at  near  their  ma.ximum  speed  for  long 
periods. 

Then,  too,  the  labor  of  cleaning  the  filters  and  re- 
moving, washing  and  replacing  the  sand  is  consid- 
erable. This  washing  incurs,  besides,  a  constant  waste 
of  water  already  filtered. 

The  school  of  engineers  who  support  the  film  theory 
have  developed  a  mechanical  filter  in  which  a  film  is 
created  by  the  use  of  a  coagulant  and  a  high-speed  fil- 
tration adopted. 

The  new  school,  however,  now  claims  that  the  for- 
mation of  a  surface  film,  natural  or  artificial,  is  un- 
necessary and  undesirable.  These  engineers  retain 
the  final  slow  sand  filter,  but  clarify  the  water  by 
pas.^ing  it  through  successive  layers  of  gravel  and 
sand.  This  eliminates  all  solids  held  in  suspension 
as  well  as  spores  of  algae,  while  the  nitrifying  bac- 
teria are  allowed  to  pass  and  penetrate  a  considerable 
depth  into  the  final  filter. 

A  comparison  of  the  relative  working  of  ordinary 


Comparative  Economics  of  Street 
Railways  and  Railless  Elec- 
tric 1  raction 

Mr.  Theodore  Graham  Gribble,  M.  Inst  C.  E.,  in 
March  27,  1914,  issue  of  the  Surveyor  and  Municipal 
and  County  P'ngineer  (Vol.  46).  gives  an  instructive 
discussion  of  this  subject.  His  conclusions,  a  brief 
summary  of  which  follows,  are  all  on  the  side  of  rail- 
less  traction. 

1.  With  a  traffic  density  represented  by  a  2'2-min- 
ute  service,  equal  to  that  of  the  largest  British  tram- 
ways, the  cost  of  working  is  till  in  favor  of  railless 
traction,  although  only  to  the  extent  of  about  7  per 
cent.  The  cost  of  construction  is,  however,  about  44 
per  cent  less. 

2.  The  saving  increases  inversely  with  the  traffic 

density,  so  that  with  a  time  interval  of 
30  seconds  the  cost  of  operation  is  about 
36  per  cent  less,  and  that  of  construction 
about  70  per  cent  less.  The  frequently 
e.xpressed  opinion  that  owing  to  the  sup- 
posed greater  current  consumption  and 
the  cost  of  tire  maintenance  the  economy 
of  the  trolley  bus  ceased  at  a  ser\'ice  fre- 
quency of  about  10  seconds  is  quite  un- 
founded. A  large  number  of  British  tram- 
ways now  laboring  under  the  burden  of 
an  annual  deficit  would,  if  their  sen-ices 
had  been  worked  by  a  railless  electric 
traction,  now  be  showing  a  surplus. 
The  writer  calls  attention,  however,  to  the  wider 
interests  at  stake.  The  saving  of  money  is  important, 
but  the  serving  of  the  public  is  more  so.  The  ta.xpayers 
may  spend  or  save  money  as  they  like.  If  they  prefer 
the  greater  expense  of  a  tramway  because  they  regard 
it  as  a  greater  convenience,  no  one  can  gainsay  them. 
The  vital  point  is  that  the  tramway  cannot  serve  the 
public  as  comprehensively  as  the  "trolley  bus."  To 
serve  the  city  best,  the  farthest  suburb  should  b« 
reached,  and  greater  frequency  of  service  be  supplied 
in  the  center  of  the  city  by  means  of  overlapping  serv- 
ices radiation  to  the  suburbs.  The  cost  of  tramway 
construction  sets  a  limit  to  suburban  extension  which 
is  not  set  by  railless  electric  traction.  In  order  to 
comply  with  the  fundamental  principles  of  providing 
the  greatest  benefit  to  the  greatest  number,  the  pref- 
erences of  the  wealthier  occupants  of  the  city  should 
not  be  allowed  to  outweigh  the  claims  of  the  loss 
wealth  dwellers  of  the  suburbs  to  obtain  at  least  some 
ade'juate  means  of  transportation. 
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Ventilation  of  Woodhead  Tunnel, 
Great  Central  Railway 

By  JAMES  B.  BALL,  M.  Inst.  C.  E. 

Minutes    of    Proceedings    of    the    Institution    of    Civil    Engineers. 

The  Woodhead  Tunnels  of  the  Great  Central  Rail- 
way are  situated  in  the  main  line  between  Manchester 
and  Sheffield.  They  are  3  miles  13  yards  in  length  and 
pierce  the  Pennine  Chain. 

Figure  1  shows  the  twin  tunnels  and  the  ground  left 
between  them.  They  are  perfectly  straight,  lie  almost 
due  east  and  west,  and  were  opened  for  traffic  in  1845 
and  1852,  respectively.    Five  construction  shafts,  each 


Scale:    t   Inch-IG  F«e't, 


about  8  ft.  in  diameter,  were  sunk  on  the  center  line 
between  the  two  tunnels,  Nos.  1  and  2  shafts  at  the 
western  end  being  subsequently  blocked  by  debris;  the 
other  three  were  not  connected  with  the  tops  of  the  tun- 
nels, but  had  only  small  side  connections,  the  question 
of  ventilation  evidently  not  being  considered  of  much 
importance.  As  the  volume  of  traffic  increased, the  point 
of  ventilation  became  urgent,  and,  since  almost  all 
traffic  in  the  down-tunnel — going  west  on  a  falling 
gradient  of  1  in  200 — was  taken  through  without  open- 
ing the  engine  regulator,  shafts  Nos.  3,  4  and  5  were 
entirely  closed  to  this  tunnel  and  new  throats  were 
formed  from  the  roof  of  the  up-tunnel  into  the  shafts. 
Some  relief  resulted,  but  conditions  in  the  up-tunnel 
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strong  trestles  of  timber,  ranging  between  10  ft.  and 
4  ft.  in  height,  were  built  up  to  the  stripping  edges, 
and  as  the  work  proceeded  the  trestling  was  lowered 
until  the  platform  was  reached.  The  platform  was 
then  lowered  and  the  operations  were  repeated. 

A  small  compressed-air  plant  and  winding-engine 
were  erected  and  "Meco"  machine  drills  were  used  for 
drilling  the  shotholes.  When  a  round  of  holes  had 
been  drilled,  one-half  only  were  charged  at  one  time, 
?nd  were  fired  electrically  from  the  surface,  low-ten- 
sion fuses  and  detonators  being  employed,  all  of  which 
were  carefully  tested  to  prevent  misfiring. 

After  stripping  and  widening  to  depths  which  had 
to  be  settled  on  the  spot  in  accordance  with  the  vari- 
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on  the  rising  gradient  of  1  in  200  against  all  traffic 
became  gradually  worse  as  traffic  grew. 

After  a  study  of  the  problem  under  varying  atmos- 
pheric conditions,  and  after  obtaining  by  means  of 
self-recording  anemometers  the  velocities  and  direc- 
tions of  the  air  currents  in  each  shaft,  and  taking 
into  consideration  the  windage  and  the  volume  of 
traffic,  the  work  was  begun. 

An  attempt  to  effect  the  widening  by  means  of  a 
suspended  steel  scaffold  had  to  be  abandoned,  and  a 
platform  of  small  girders  upon  a  suitable  foundation 
was  devised  in  the  small  shaft.     From  this  platform 


ous  strata  passed  through,  a  9-in.  lining  of  brindle 
brick  in  cement  was  put  in,  supported  on  cast  iron 
curbs  provided  with  a  flange  on  the  front  edge  to 
collect  water  arising  from  condensation  or  weeping 
through  the  brick  lining  (Fig.  3).  Where  the  ground 
was  bad,  the  brick  lining  was  increased  to  14  in.; 
immediately  above  the  curbs  a  solid  ring  of  cement 
concrete  was  put  in  behind  the  brickwork  to  give 
additional  support  to  the  brick  lining,  holes  being  left 
at  intervals  for  the  free  passage  of  the  water  at  the 
back  of  the  concrete.  The  space  between  the  exca- 
vation and  the   back  of  the  brick  lining  was   hand- 
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packed  with  stone  to  afford  free  passage  of  the  water 
.-;nd  to  make  the  work  perfectly  solid. 

To  protect  the  traffic  a  special  shield  was  fixed  in 
each  tunnel.  These  shields  were  formed  of  service- 
able rails  as  ribs  5  ft.  apart,  2  rails  to  each  rib,  bent 
to  the  curve  of  the  old  tunnel  arch,  and  lined  at  the 
sides  and  under  the  soffit  of  the  arches  with  3-in. 
planks  in  two  thicknesses  laid  to  break  joints.  The 
.shields  projected  6  ft.  from  either  end  of  the  chamber 
into  the  tunneKs  and  the  voids  between  timber  lining 
and  soffits  of  the  tunnel  arches  were  puddled  to  pre- 
vent smoke  from  getting  into  the  shaft.  This  was  not. 
however,  wholly  prevented. 

Because  of  the  depth  of  the  shaft  and  the  treach- 
erous nature  of  some  of  the  strata,  it  was  decided  to 
make  it  16  ft.  clear  in  length.  At  each  end  between 
the  two  tunnels  solid  brick-in-cement  walls  18  in.  thick 
were  carried  up  from  a  rock  foundation  about  4  ft. 
above  rail  level  to  the  underside  of  the  cast  iron  gar- 
land. As  soon  as  these  were  completed  the  excavation 
was  begun  between  these  walls  and  over  the  tunnel 
arches,  strong  sets  of  timbering  being  fixed  tempo- 
rarily as  the  excavation  proceeded.  When  this  had 
been  taken  down  to  about  3  ft.  above  the  extrados  of 
the  tunnel  arches  the  center  was  left  and  excavation 
was  confined  to  the  north  side  of  the  up-tunnel  and 
the  south  side  of  the  down-tunnel  and  carried  down 
behind  the  arches  to  their  springing  level.  The 
sloping  side-walls  or  roof  of  the  chamber  were  then 
begun  in  Portland-cement  concrete,  strengthened  by 
old  rails  interlaced  with  expanded  metal,  and  carried 
up  to  the  under  side  of  the  cast  iron  garland. 

The  shuttering  was  left  up  for  several  weeks,  and 
meanwhile  the  remainder  of  the  excavation  over  the 
tunnel  arches  and  between  the  tunnels  was  done, 
leaving  the  tunnel  arches  bare  and  resting  on  the 
shields  beneath.  The  cross-wall,  or  mid-feather,  was 
then  built  between  the  end  walls  and  carried  well 
above  the  tops  of  the  tunnel  arches,  to  such  a  height 
that  the  area  between  the  shaft  bottom  and  the  top 
of  the  mid-feather  is  slightly  larger  than  the  cross- 
.'^ectirnal  area  of  one  of  the  tunnels.  Both  tunnel 
arches  were  then  removed  and  the  end  walls  com- 
pleted, after  which  the  up-tunnel  shield  was  taken 
out  and  the  shaft  became  open  to  the  up-tunnel. 

Hourly  anemometer  readings  for  12  hours  daily 
were  taken  during  the  week  prior  to  removing  the 
down-tunnel  shield,  and  the  upcast  observed  amounted 
to  a  maximum  of  16,724,000  cu.  ft.  per  hour  and  a 
minimum  of  2,274,000  cu.  ft.,  with  an  easterly  wind 
blowing  up  the  tunnel.  With  a  westerly  wind  prevail- 
ing the  maximum  upcast  obser\'ed  was  14,953,000 
cu.  ft.  per  hour  and  the  minimum  2,296,000  cu.  ft.  per 
hour;  but  with  this  wind  the  action  of  the  shaft  was 
somewhat  intermittent,  as  four  observations  gave  a 
maximum  downcast  of  9,855,600  cu.  ft.  per  hour  and 
a  minimum  of  1,408,000  cu.  ft.  per  hour.  Upon  the  re- 
moval of  the  down-tunnel  shield,  which  threw  the 
shaft  open  to  the  two  tunnels,  a  marked  improvement 
in  the  upcast  effect  was  at  once  observed  and  the 
downcast  action  was  entirely  overcome;  the  steady 
efficiency  of  the  shaft  was  much  increased.  Its  work 
was  recorded  for  more  than  a  month,  and  the  average 
daily  work  in  upcasting  for  the  whole  period  was  10,- 
083,200  cu.  ft.  per  hour.  The  effectiveness  of  shafts 
Nos.  1  and  ^  was  also  much  improved. 
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Determination   of  Voids  in  Con- 
crete 

.   M.    Itwl.    C    t...    Ill    MluulMi    lu^li- 

While  engaged  upon  the  construction  of  a  large  con- 
crete reservoir,  the  author  made  some  measurementfl 
with  the  object  of  arriving  at  a  balance  between  the 
resulting  volume  of  a  batch  of  concrete  and  the  vol- 
ume of  the  separate  constituents,  and  thus  of  deter- 
mining the  voids  in  the  concrete  itself. 

The  proportions  of  the  concrete  under  considera- 
tion were  5,  2' 2  and  1,  which  was  the  mi.xture  used  in 
the  building  of  the  reser\-oir  walls.  Set  concrete  was 
regarded  as  being  made  up  in  volume  of  five  distinct 
components,  as  follows: 

(1)  Net  volume  of  cement. 

(2)  Net  volume  of  sand. 

(3)  Net  volume  of  stone. 

(4)  Volume  of  water  taken  up  by  cement  in  setting. 

(5)  Microscopic  voids,  left  for  the  most  part  by  ex- 
cess water  drying  out. 

By  the  term  "net  volume"  is  meant  volume  of  par- 
ticles only,  exclusive  of  voids.  Of  the  above,  (1),  (2), 
(3)  and  (4)  were  determined  directly  while  (5)  was 
determined  indirectly  from  the  final  density  of  the 
concrete,  as  explained  below. 

Voids  in  Cement. — The  cement  in  the  cask  had  a 
density  of  87.2  lb.  per  cubic  foot,  while  its  specific 
gravity  as  determined  in  the  laboratory  was  3.12, 
equivalent  to  a  density  of  195  lb.  per  cubic  foot.  The 
voids  were  thus  55.2  per  cent. 

Voids  in  Sand. — These  were  found  by  measurement 
with  water  to  be  34  per  cent. 

Voids  in  Stone. — These  were  similarly  found  to  be 
48  per  cent,  the  stone  being  a  granite  broken  to  2-in. 
gage. 

Water  Taken  Up  by  Cement  in  Setting. — This  was 
determined  in  the  laboratorj*,  and  was  found  to  be 
18.55  per  cent  by  weight  of  the  weight  of  cement. 

Working  on  these  figures,  together  with  the  known 
densities  of  the  sand  and  stone.  Table  I  was  compiled. 
In  this  table  the  figures  in  column  B  represent  the 
quantities  used  in  a  batch,  taking  the  cask  of  4' 3  cu 
ft.  as  the  unit. 

t.^blf:  I. 
.\  B  c  D  E  F  a 

I     -  |l         fe-c        fe-=  I 


1.  Cement    (1)     

Sand    (2-%)     


3  8  3 


4.33 
.lO.SS 

.  Stone    (S)    21.66 

I.  Water tS.SS 

5.  Microscopic  voids 


5S.2 
34.0 
48.0 


2^ 

1.94 
7.15 
11.26 
1.08 
••X" 


&"' 


195.0 
152.0 
16S.1 
62.5 


378 
1.087 
1.S9I 

vo 


Total    volume     21.4S-I-X 

Total    weight     3.4:s 

•J>r  r-ent  of  weight  of  cement. 

The  measured  density  of  the  concrete  when  thor- 
oughly set  was  146  lb.  per  cubic  foot;  it  followed, 
therefore,  that  the  value  for  "X"  in  the  Table  was  2.04 
cu.  ft.;  bringing  the  total  theoretical  volume  of  a 
batch  up  to  23.47  cu.  ft.  As  a  batch  in  the  work  meas- 
ured 23.22  cu.  ft.,  this  was  a  very  fair  agreement.  The 
value  of  2.04  cu.  ft.  for  the  voids  in  a  batch  of  23.47 
cu.  ft.  corresponds  with  8.7  per  cent  of  voids. 

In  an  independent  investigation,  the  loss  of  weight 
by  drying  during  the  setting  of  very  wet  concrete  was 
found  to  lie  5.6  lb.  per  cubic  foot.  This  would  cor- 
respond with  9  per  cent  of  voids,  which  is  in  very 
close  agreement  with  the  former  result. 
2^) 
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Engineering  Features  of  Lake  Mar- 
garet Hydro-Electric  Power 
Scheme 

The    Engineer. 

The  Lake  Margaret  hydro-electric  power  scheme 
has  several  interesting  features.  Lake  Margaret  is 
set  high  up  on  the  West  Coast  Range  of  Tasmania, 
and  lies  in  a  roughly  triangular  valley  formed  by 
the  ridge  of  Mt.  Sedgwick  on  the  south,  the  ridge 
comprising  Mt.  Geikie  and  Tyndal  on  the  west,  and 
a  ridge  connecting  Mts.  Geikie  and  Sedgwick  on  the 
east.  The  lake  has  a  maximum  width  of  40  chains 
and  a  mean  area  of  300  acres.  The  surface  of  the 
water  at  spillway  level  is  2,143  ft.  above  sea-level. 
The  approximate  catchment  area  at  present  appro- 
priated is  7  square  miles,  and  the  rainfall  on  the  av- 
erage about  114  in.  per  annum.  This  catchment  area 
may  be  increased  by  suitable  races,  etc. 

It  was  not  necessary  to  construct  an  impounding 
dam  in  the  ordinary  sense  of  the  word,  for  there  was 
a  natural  dam  at  the  mouth  of  the  lake,  and  the  ac- 
tual procedure  was  to  lower  the  water  of  the  lake 
temporarily  so  that  the  draw-off  pipes  might  be  laid 
at  the  desired  level.  This  was  done  by  means  of  a 
channel  cut  to  the  requisite  depth,  partly  through 
rock  and  partly  through  sand  and  conglomerate 
boulders  for  a  total  distance  of  800  ft.  The  net  depth 
of  storage  obtained  in  this  manner  was  16  ft.,  which 
was  the  difference  in  height  between  the  spillway 
level  and  the  top  of  the  outlet  pipes.  As  the  total 
amount  of  storage  which  is  at  present  required  to 
carry  the  plant  over  a  period  of  drought  equal  to  the 
longest  on  record  is  represented  by  a  depth  of  only 
7  ft.  of  water,  it  is  evident  that  there  is  a  good  sur- 
plus margin.  It  may  be  mentioned  that  with  the 
present  load  on  the  power  station  the  consumption 
of  water  is  at  the  rate  of  45  gal.  per  second,  or  24,- 
300,000  gal.  per  day.  When  the  pipes  were  drawn 
down  to  the  requisite  level,  outlet  pipes  and  screens 
were  laid  in  the  trench  and  the  latter  was  then  closed 
by  a  concrete  wall  which  was  built  up  to  spillway 
level.  The  pipes  and  screens  were  in  the  wall.  A 
good  portion  of  the  work  entailed  in  the  cutting  is 
now  covered  by  the  water. 

The  outlets  from  the  lake  consist  of  two  48-in.  in- 
ternal diameter  cast-iron  pipes  set  in  the  concrete 
wall.  On  the  upstream  side  each  pipe  terminates  in 
a  screen  compartment  fitted  with  double  screens  of 
woven  copper  wire  of  %-in.  mesh.  Each  screen  can 
be  raised  separately  for  cleaning.  Between  the  lake 
and  the  screens,  flat  sluice  gates  are  provided  to  al- 
low access  to  the  screen  chambers  when  the  latter  are 
closed.  On  the  dowmstream  side  the  pipes  are  each 
provided  with  a  48-in.  diameter  sluice  valve,  operated 
through  worm  gear  by  hand  or  by  electric  motor  con- 
trolled from  the  power  station  switchboard.  Only 
one  of  these  outlet  pipes  is  at  present  required  to 
supply  the  station,  a  second  being  provided  for  ex- 
tension; but  the  pipes  are  interconnected  so  that 
either  can  be  used  for  the  present  service.  Except- 
ing the  sluice  valves,  the  whole  of  the  metal  work, 
including  pipes,  screens,  sluice  gates,  etc.,  was  made 
in  workshops  at  Queenstown,  Tasmania. 

The  pipe  line  from  the  lake  to  the  power  station 
consists  of  two  distinct  sections.  The  upper  section, 
which  is  made  of  wood,  is  laid  around  the  spur  of  a 
hill  on  a  flat  gradient,  and  really  takes  the  place  of 
the  open  channel  common  to  so  many  hydro-electric 
installations.     The  wood  pipe  has  many  advantages, 


for  it  avoids  debris,  allows  every  foot  of  head  to  be 
utilized,  and  obviates  loss  of  water  by  soakage  and 
evaporation,  as  well  as  economizes  water,  since  only 
such  water  as  is  required  by  the  turbines  from  time 
to  time  is  drawn  from  the  storage.  This  section  of 
pipe  line  is  of  wood  stave  construction.  It  has  an 
internal  diameter  of  48  in.  and  the  staves  are  30  in 
number  around  the  circumference.  The  wood  is 
thick,  seasoned  Oregon  pine,  machined  all  over,  with 
a  V-grooved  side  joint  and  metal-tongue  butt  joint 
on  the  ends  of  the  staves.  The  staves  are  held  to- 
gether by  mild-steel  bands  %  in.,  %  in.  and  %  in.  di- 
ameter, according  to  the  pressure.  The  total  length 
of  the  pipe  is  7,250  ft.;  total  fall,  45  ft,  and  the  sharp- 
est curve  150  ft.  radius.  It  is  48  in.  in  diameter,  and 
is  carried  up  the  adjoining  spur  to  a  height  8  ft. 
above  lake  level.  Local  King  Billy  pine  was  used  for 
this  pipe. 

The  lower  section  of  the  pipe  line  or  pressure  col- 
umn  is   laid  down   a  very    steep    mountain   side  be- 


48-in.   Wooden   Stave   Pipe   Line   of   Lake   Margaret   Power   Project. 

tween  the  steel  header  and  the  power  station.  The 
total  length  of  the  line  on  the  slope  is  2,993  ft.  and 
together  with  the  head  in  the  wood-stave  pipe  and 
the  lake  storage,  a  total  static  head  of  1,100  ft.  is  pro- 
vided. The  pipeline  is  in  duplicate  and  made  of  steel. 
It  is  in  three  sections  of  varying  diameter — 29%  in. 
internal  diameter  at  top,  26  in.  in  the  center,  and  22 
in.  at  the  bottom  section.  The  thickness  of  plates 
used  varies  from  7  mm.  at  the  top  to  14  mm.  at  the 
bottom,  and  the  pipes  are  solid  welded  throughout. 
The  muff  or  stuffing  box  type  of  joint  is  used  through- 
out the  line,  and  there  are  solid  welded  flanged  joints 
on  the  distributing  pipes,  branches,  etc.,  outside  the 
station.  Each  line  is  provided  at  the  top,  near  the 
junction  header,  with  a  2934-in.  sluice  valve,  hand- 
operated,  and  also  electrically  operated  from  the 
power  station  switchboard.  A  small  air  valve  is 
placed  at  the  head  of  each  pipe.  The  two  steel  pipe 
lines  outside  the  power  station  are  joined  together 
with  a  connecting  casting  which  is  also  used  as  a 
thrust  block  for  the  end  of  the  line,  and  in  conjunc- 
tion with  valves,  allows  either  pipe  line  to  supply 
the  turbines.     Both  pipe  lines  are  solidly  embedded 
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in  large  blocks  of  concrete  at  all  changes  of  gradient 
and  direction,  and  each  separate  pipe  is  supported 
near  the  joint  on  a  masonry  pedestal. 

In  order  to  keep  a  continuous  record  of  the  water 
used,  a  Venturi  meter  is  fixed  in  each  of  the  distrib- 
uting pipes.  The  three  main  central  sluices  and 
valves  are  22  in.  in  diameter.  They  are  operated  by 
a  hydraulic  cylinder,  working  off  the  pressure  col- 
umn, which  in  turn  is  controlled  by  pilot  valves  and 
a  small  electric  motor  put  into  operation  from  the 
power  station  switchboard.  These  valves  may  also 
be  operated  by  hand.  A  view  of  the  wooden  portion 
of  the  pipe  line,  with  the  construction  track  beside 
it,  is  shown  in  the  illustration. 


Governmental  Drainage  Opera- 
tions in  New  Zealand 

The  Rangitaiki  Plains  abut  on  the  Bay  of  Plenty  on 
the  eastern  side  of  the  Province  of  Auckland,  on  the 
north  coast  of  North  Island,  New  Zealand.  Here  the 
Governmental  Drainage  operations  are  affecting  an 
area  of  87,000  acres.  A  few  years  ago  the  country 
was  practically  valueless.  Within  5  years  the  Gov- 
ernment engineers  at  a  cost  of  a  little  over  £61,000 
($300,000)  have  made  it  capable  of  becoming  one  of 
the  most  productive  areas  in  the  whole  of  New  Zea- 
land. The  bulk  of  the  land  is  now  completely  un- 
watered,  and  everywhere  are  to  be  seen  active  signs 
of  farming.  A  low  estimate  of  the  rise  in  the  value 
of  the  land,  over  and  above  the  costs  of  drainage,  is 
at  least  $5,000,000. 

The  soil  is  amazingly  rich,  and  the  climate  e.xcel- 
lent.  Maize  and  all  classes  of  crops  grow  with  ex- 
traordinary vigor  and  the  pasturage  is  so  lu.xuriant 
that  dairying  can  be  carried  out  successfully  on 
smaller  areas  than  in  any  other  part  of  New  Zealand. 
It  is  anticipated  that  in  the  near  future  large  sums 
will  be  contributed  from  the  district  to  the  revenues 
of  the  country.  Moreover,  the  drainage  operations 
will  do  more  than  bring  about  a  direct  increase  in 
agricultural  production.  The  lowering  of  the  water- 
level  over  a  great  area  of  flat  country,  the  turning  of 
erratic  rivers,  and  the  control  of  floods  makes  possi- 
ble the  immediate  extension  of  the  East  Coast  Ry., 
and  this  extension  will  stimulate  close  settlement  and 
encourage  intensive  farming  in  a  manner  undreampt 
of  now. 

Within  the  areas  of  the  Rangitaiki  Plains  proper, 
and  including  lands  outside  as  well  as  those  inside 
the  drainage  area,  there  are  in  the  neighborhood  of 
200,000  acres  of  level  land,  including  some  of  the 
richest  soil  in  the  Dominion.  Under  quite  primitive 
grass  farming,  it  is  stated  that  some  of  the  land  to- 
day is  yielding  over  £10  ($.50)  an  acre  from  butter 
alone.  In  the  places  where  maize  growing  has  been 
carried  on,  yields  of  over  100  bu.  per  acre  have  been 
obtained,  and  crop  after  crop  has  been  harvested 
without  manure. 

Throughout  1916  three  dredgers  were  busily  en- 
gaged on  the  Rangitaiki  swamp  in  completing  the 
major  works.  During  the  summer  months  double  shifts 
were  worked,  and  this,  though  slightly  increasing  the 
cost  per  cubic  yard  of  material  removed,  was  much 
more  than  compensated  for  by  the  time  saved  in 
bringing  the  country  under  cultivation  and  making 
it  productive.  During  the  year  a  total  of  268,760  cu. 
yd.  of  spoil  were  excavated  at  a  total  cost,  including 
all   charges,  wages,  supplies,   repairs,   etc. — but  not, 
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apparently,  depreciation^f  £3,901     lOs.    6d.     This 

works  out  at  3.-18d.  (7  ct.)  per  cubic  yard,  and  is  just 
over  ?4d  per  cubic  yard  more  than  in  the  Hauraki 
Plains,  northwest  of  this  district.  The  increase  is 
due  partly  to  working  double  shifts  and  partly  to 
dredging  in  difllcult  ground  which  necessitated  the 
blasting  and  removal  of  a  considerable  amount  of 
submerged  timber  and  dealing  with  an  exceptional 
quantity  of  fine  sandy  deposit  which  was  difficult  to 
handle  with  grab  dredgers. 


Experiments  on  Earth  Pressures 

From  a  paper  road  by  P.  M.  Crosthwalte.  M.  Inat.  C.  E..  b«- 
fore  Ihv  liihlitullun  uf  Civil   KnKliicvrii. 

The  paper  begins  with  a  short  account  of  Rankine's 
theory  of  earth-pressure,  and  the  principle  and  as- 
sumption on  which  it  is  founded.  Descriptions  of  for- 
mer investigations  are  given  in  some  detail,  namely, 
those  of  the  late  Sir  George  Darwin,  and  Messrs.  Good- 
rich, Wilson,  Bell  and  Meem.  The  author  concludes 
that  of  their  experiments  to  investigate  the  lateral 
pressure  of  earth,  those  in  which  model  walls  were 
used  are  of  the  greatest  value,  but  points  out  that  if 
models  are  of  any  size  the  experimental  difliculties  are 
almost  insuperable. 

The  author's  experiments,  a  number  of  which  are 
described  and  illu.strated  in  the  paper,  were  made  by 
loading  a  plunger  with  known  weights  and  measuring 
the  penetration  when  the  plunger  had  come  to  rest 
after  the  application  of  each  weight.  The  materials 
were  enclosed  in  an  open  bucket,  and  their  weights  de- 
termined. 

With  those  data  the  value  of  4>,  the  angle  of  internal 
friction,  can  be  obtained  from  Rankine's  well  known 
formula  for  the  safe  depth  of  foundations — 
P     1  —  sin* 

d  -  —  ( ) 

W      1  +  sin  * 
where  d  denotes  the  peneration ;  P  the  pressure  in 
pounds  per  square  foot;  and  W  the  weight  of  the  ma- 
terial in  pounds  per  cubic  foot. 

If  the  formlua  is  true,  and  the  pressure  be  plotted 
against  the  penetrations,  the  resulting  curve  is  a 
straight  line,  and  <f,  as  calculated  from  the  formula 
should  equal  the  angle  of  repose. 

With  sand,  garden  earth,  and  cinders  and  ashes  the 
resulting  curves  are  straight  lines,  but  it  was  found 
that  the  value  of  <*>  varied  with  the  state  of  aggrega- 
tion of  the  material,  i.  e.,  whether  it  was  lightly  poured 
into  the  bucket,  shaken  in,  or  well  pounded  in.  When 
the  material  was  deposited  in  the  bucket  as  lightly  as 
possible  the  angle  of  internal  friction  was  the  same  as 
the  angle  of  repose,  but  with  more  consolidation  the 
angle  was  much  greater. 

From  these  materials  the  author  concludes  that  Ran- 
kine's theory  holds,  provided  the  proper  angle  of  in- 
ternal friction  be  used  and  not  the  angle  of  repose.  If, 
however,  this  angle  be  used  it  would  be  necessary  to 
introduce  a  factor  of  safety  into  the  formula  for  a  wall 
designed  without  one  would  be  theoretically  just 
strong  enough  and  no  more.  In  Rankine's  formula 
there  is  no  factor  of  safety,  and  it  is  concluded  that 
Rankine  saw  this,  and  used  the  angle  of  repose  as  cov- 
ering the  worst  conditions  that  need  possibly  be  pro- 
vided for.  The  author's  experiments  show  that,  for 
the  materials  tested,  work  designed  by  Rankine's 
formlua,  using  the  angle  of  respose,  would  have  a  fac- 
tor of  safety  of  2':;  to  4,  and  he  considers  that  these 
are  not  unreasonable  tigures  fur  such  materials. 

The  experiments  of  clay  give  altogether  different  re- 


1J8 


ENGINEERING     AND     CONTRACTING 


Vol.  50,  No.  5. 


suits,  for  instead  of  the  penetration  varying  as  the 
load,  it  varies  as  the  square  of  the  load  and  the  pene- 
tration curves  are  parabolas.  These  results,  which 
were  altogether  unexpected,  are  completely  confirmed 
by  larger  experiments  carried  out  by  Messrs.  Coode, 
Matthews,  Fitzmaurice  and  Wilson  and  by  Mr.  McAl- 
pme  in  New  York. 

The  author  is  able  to  give  no  physical  explanation 
as  to  why  the  penetration  in  clay  should  vary  as  the 
square  of  the  load,  but  leaves  it  to  the  physicists.  The 
law  must  be  capable  of  some  rational  explanation,  and, 
if  true,  it  upsets  all  earth-pressure  theories  when  they 
are  applied  to  clay;  for  all  accepted  theories  assume 
that  the  angle  of  internal  friction  is  the  same  as  the 
angle  of  repose,  and  that  its  value  is  independent  of 
the  pressure.  It  is  suggested  that  the  subject  is  worthy 
of  further  investigation,  but  that  such  could  hardly  be 
made  by  a  private  individual,  for  the  work  is  tedious, 
each  experiment  taking  from  24  to  48  hours.  More- 
over, if  the  investigation  is  to  be  properly  carried  out 
physical  and  chemical  analyses  of  the  clays  will  be  re- 
quired that  could  only  be  made  in  a  well  equipped 
physical  laboratory. 

In  connection  with  the  earth  slides  experienced  at  the 
Panama  Canal  it  has  been  suggested  that  in  clay  and 
shale  cuttings  there  is  a  critical  depth  beyond  which 
the  slides  will  not  stand,  and  the  author's  experiments 
on  clays  clearly  show  that  for  these  this  must  be  the 
case.  Where  <f>  is  independent  of  the  pressure  the 
depth  of  the  cutting  cannot  affect  the  stability  of  the 
slope,  but  where  the  angle  decreases  with  the  pressure 
it  is  evident  that  eventually  a  depth  will  be  reached 
beyond  which  its  sides  will  not  stand. 

This  decrease  is  clearly  shown  in  one  experiment  on 
mud  for  which  the  angle  for  a  pressure  of  0.25  ton  per 
square  foot  was  17°  15  ft.,  which  decreased  to  2°  10 
ft.  at  a  pressure  of  1.25  ton  per  square  foot,  when  it 
was  little  better  than  a  liquid. 


Theatre    des    Champs   Elysees    a 

Notable  Example  of  Reinforced 

Concrete  Construction 


Concrete    aiifl 
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This  building  affords  a  good  example  of  the  appli- 
cation of  reinforced  concrete  to  the  construction  of 
a  theater,  this  material  being  employed  throughout 
for  the  weight-carrying  members.  The  whole  of  the 
decorative  effect  is  governed  by  the  construction  as 
regards  main  lines  and  features.  Even  in  the  eleva- 
tions the  constructional  piers  are  allowed  to  form  the 
main  lines,  and  the  enrichment  is  confined  to  the 
filling-in  panels. 

A  good  general  idea  of  the  framing  may  be  gath- 
ered from  the  skeleton  shown  in  Fig.  1.  Great  depth 
was  required  under  the  stage,  which  necessitated  a 
very  deep  basement,  while  the  ground  floor  was  to 
be  kept  as  near  as  possible  to  the  pavement  level.  So 
there  was  water  to  be  considered,  as  the  basement 
floor  is  below  the  level  of  the  neighboring  River 
Seine.  The  lower  floors  were  accordingly  constructed 
like  a  great  dish  which  forms  the  seating  for  the  ver- 
tical divisions  which  are  water-tight  and  which,  be- 
ing carried  up  to  the  ground  floor  level,  act  as  stiffen- 
ing to  the  dish.  To  support  the  considerable  pres- 
sure under  the  stage  and  the  electrical  machinery, 
concrete  pipes  were  driven  at  certain  points  while 
in  other  cases  the  load  was  distributed  directly  to  the 
soil.  The  piles  are  connected  by  large  reinforced 
beams  spaced  at  intervals  of  about  6  ft.  9  in.;  the 
slabs  between  are  curved  with  the  concave  surface 

( 


above  in  order  to  resist  better  the  upward  pressure 
of  the  soil. 

The  most  interesting  feature  of  the  whole  con- 
struction is  that  employed  in  connection  with  the 
auditorium.  Here  the  loads  are  carried  by  what  are 
practically  two  large  reinforced  concrete  frames, 
each  consisting  of  deep  beams  at  the  ground  level, 
and  above  the  ceiling  of  the  auditorium  with  con- 
necting columns.  The  beams  at  the  lower  level  are 
deep,  with  open-web,  having  at  intervals  two  flanges 
connected  by  stiffeners;  these  beams  are  in  pairs 
with  a  curved  connecting  slab  between  at  the  soil 
level.  The  columns  at  the  ends  of  the  frames  bear 
on  these,  four  columns  to  the  side  of  each  frame,  two 
occurring  as  piers  in  the  walls  and  the  other  two 
formed  as  columns  on  the  circumferential  line  at  the 
back  of  the  circle.  All  these  are  heavily  reinforced, 
and  the  columns  and  piers  are  connected  by  large 
reinforced  beams  at  the  top  which  act  as  the  bearing 
lor  two  large  arched  reinforced  beams,  95  ft.  in 
length,  in  each  frame.  The  upper  part  of  the  struc- 
ture is  suspended  from  these  frames  (see  Fig.  1).  It 
is  a  very  ingenious  and  bold  method  of  construction, 
which  leaves  the  large  auditorium  space  free  and 
unobstructed  and  yet  holds  the  structure  rigid  and 
distributes  well  the  loads  on  the  soil. 

The  columns  in  the  vestibule  are  all  constructional 
members  of  reinforced  concrete  arranged  to  form  a 


Fig.    1 — Skeleton    of    Reinforced    Concrete    Work,    Theatre    deo 
Channps    Elysees. 

very  effective  colonnade.  The  floors  of  the  theater, 
foyers  and  corridors  are  all  constructed  of  reinforced 
concrete,  the  spans  in  many  cases  exceeding  20  ft.; 
the  beams  are  generally  allowed  to  project  below  the 
slabs  to  form  panels  which  remain  as  part  of  the  dec- 
orative treatment.  All  the  walls  are  constructed  of 
the  same  material,  these  usually  consisting  of  vertical 
columns  and  horizontal  main  beams,  with  the  slab 
filling  between  the  latter  in  many  cases  consisting  of 
brickwork  to  which  white  marble  lining  is  attached  as 
a  facing.  The  large  auditorium  is  chiefly  lighted  by 
a  50-ft.  circular  shell  which  forms  a  feature  in  the 
ceiling  decoration.  This  shell  is  composed  of  crystal 
filling  in  a  framework  of  small  bronze  bars;  some  of 
the  lamps  edge  the  shell  and  indirectly  light  the  audi- 
torium, while  strongly  lighting  the  painted  frieze 
which  is  an  important  factor  in  the  decorative  treat- 
ment. 

But  it  is  after  all  the  straightforward  manner  in 
which  the  material  has  been  employed,  by  making  the 
constructional  members  part  of  the  decorative  scheme, 
which  most  satisfies  the  senses  as  giving  an  excellent 
example  of  what  may  be  termed  honest  construction. 
32) 
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The  Manufacture  of  Oxyj^en  and 

Its  Use  for  \\  elding  and 

Metal-Cutting 

By  J.  M.  CHRISTIE.  Calcutta.  India. 

l*rocee<llnt-s    ItiMiIutlin    of    M.-.  Iiuiili  ul    Knflnrem,     Knglaixl 

Until  1905  iill  the  oxygen  gas  used  in  the  United 
Kingdom  was  produced  chemically.  In  that  year  a 
plant  was  installed  in  Birmingham  whereby  oxygen 
was  manufactured  mechanically  through  the  liquefac- 
tion of  air.  The  new  method  rapidly  .superseded  the 
older,  and  larpe  plants  were  erected  in  British  engi- 
neering centers,  and.  more  recently,  in  Calcutta,  Bom- 
bay, Shanghai  and  other  Ea.stern  ports. 

Mechanical  Production  of  Oxygen. — In  the  produc- 
tion of  oxygen  mechanically,  the  result  depends  upon 
a  certain  amount  of  refrigeration,  produced  by  the 
expansion  of  a  gas  which  has  been  cooled,  and  in- 
tensified to  the  point  of  liquefaction.  If  liquid  air 
is  evaporated  the  nitrogen  volatizes  more  quickly 
than  the  oxygen,  and  the  remaining  liquid  becomes 
richer  in  oxygen. 

Air  is  drawn  through  a  tank  of  slaked  lime  to 
purify  it.  then  is  compressed  by  powerful  pumps, 
dried,  cooled,  expanded,  liquefied,  and  disassociated 
into  nitrogen  and  oxygen.  The  nitrogen,  after  help- 
ing to  cool  further  supplies  of  air  to  liquefaction,  is 
returned  to  the  atmosphere.  Air  enters  the  first 
stage  of  a  compressor  and  is  delivered  through  water- 
cooled  coils  before  passing  through  three  more 
stages,  being  cooled  between  each.  When  the  com- 
pressor is  first  started,  the  final  delivery  pressure  is 
2,000  lb.  per  square  inch,  and  the  expansion  pressure 
beyond  the  regulating  valve  5  lb.  per  square  inch,  but 
after  liquefaction  the  normal  working  pressure  dur- 
ing the  separation  of  the  oxygen  and  nitrogen  falls 
to  about  700  lb.  per  square  inch  and  the  expansion 
pressure  to  3  lb.  per  square  inch.  The  air,  at  high 
pressure,  is  then  delivered  through  bottles  contain- 
ing calcium  chloride  and  thoroughly  dried  (to  ob- 
viate the  freezing  of  moisture  and  consequent  ob- 
struction of  the  separator  coils,  etc.),  and  enters  the 
forecooler  to  be  cooled  in  a  refrigerating  machine 
by  means  of  ammonia  or  CO,. 

From  a  forecooler  this  high-pressure  air,  at  much 
lower  temperature,  is  passed  through  pipes  in  a  sep- 
arator, and  bein?  further  cooled  by  ascending  waste 
nitrogen  and  distilled  oxygen,  is  liquefied.  It  then 
falls  into  a  receiver,  where  the  nitrogen,  evaporating 
during  its  progress  to  the  atmosphere,  gives  up  ita 
cold  to  the  oncoming  coyipressed  air,  and  assists 
liquefaction.  The  liquid  oxygen,  during  evaporation 
and  on  its  way  to  the  gas  holder,  also  gives  up  its 
cold  to  the  on-coming  air.  As  liquefaction  takes  place, 
and  the  interchange  of  heat  and  cold  continues,  the 
normal  process  becomes  automatic,  and  terminates 
with  a  final  delivery  pressure  of  about  700  lb.  per 
square  inch  and  an  expansion  pressure  of  H  lb.  per 
square  inch. 

The  oxygen  passes  into  a  gas-holder,  and  is  then 
compressed  by  pumps  to  1.800  lb.  per  square  inch  into 
steel  cylinder.-  The  standard  cylinders  for  welding 
work  are  of  100  cu.  ft.  and  200  cu.  ft.  capacity,  but 
small  cylinders  f  f  40  and  20  cu.  ft.  capacity  are  em- 
ployed for  other  purposes.  All  cylinders  are  subject 
to  the  rules  of  the  Indian  Government  and  of  the  In- 
dian Railway  Board.  They  are  annealed  every  three 
years  and  tested  annually  to  a  hydraulic  pressure  of 
iVo  tons  per  square  inch  for  1.800  lb.  working  pres- 


sure.    A  permanent  stretch  of  not  more  than  10  per 
cent   is  allowed. 

Oxy-Acetylene  WeldlnR.— In  1899  the  late  Mr. 
Thomson  Fletcher  of  Warrington  showed  that,  after 
heating  an  iron  plate  to  incandescence  by  means  of 
an  oxygen  and  coal  gas  blow-pipe  flame,  it  was  pos- 
sible, by  largely  increasing  the  oxygen,  to  "fuse" 
holes  in  the  plate.  Later  the  same  process  was  ap- 
plied to  the  opening  of  tuyeres  in  blast-furnaces 
which  had  become  blocked  by  the  solidification  of  the 
metal.  The  operations  paved  the  way  to  the  pres- 
ent-day  blow-pipes. 

In  oxy-acetylene  welding  on  the  high-pressure  sys- 
tem the  two  gases  enter  the  blow-pipe  under  pres- 
sure, oxygen  from  a  standard  cylinder  and  acetylene 
from  a  cylinder  in  which  it  is  dissolved  in  a  porous 
material  soakt-d  in  acetone.  This  gives  a  portable 
system  which  is  specially  applicable  to  work  on  board 
ship,  in  boilers  and  confined  spaces,  and  also  for  cut- 
ting away  iron  structures  to  get  quick  access  to  the 
seat  of  a  fire. 

In  the  low-pressure  system  oxygen  is  supplied  un- 
der pressure  and  acetylene  from  a  generator  in  which 
the  carbide  should  not  be  decomposed  too  rapidly,  to 
avoid  great  heat.  For  example,  a  "water  on  carbide" 
generator,  with  a  capacity  of  20  lb.  of  carbide,  should 
be  regulated  so  as  to  run  5  hours  and  generate  with- 
out recharging  about  90  ft.  of  acetylene. 

The  purification  of  acetylene  is  highly  important. 
It  is  first  washed  by  bubbling  through  water,  and 
then  passed  through  a  filter  of  felt  to  remove  traces 
of  lime  dust  which,  passing  through  the  blow-pipe, 
would  injure  the  weld. 

In  practice  the  best  welding  results  are  obtained 
with  I'j  volumes  of  oxygen  to  1  volume  of  acetylene. 
The  flame  has  in  its  center  a  small  white  cone,  at  the 
apex  of  which  the  temperature  is  about  6.000'  F..  and 
consists  almost  entirely  of  CO,  which  is  being  con- 
verted, at  its  extremity,  into  CO,. 

Autogenous  welds  can  be  made  without  injurious 
effect  upon  the  metal.  Bars  of  Staffordshire  iron 
welded  together  by  this  system  gave  tests  over  29 
tons  per  square  inch  at  the  joint,  while  welded  plates 
^■f  iron  and  steel  varying  in  thickness  from  20  gauge 
upwards,  have  proved  stronger  at  the  joints  than  in 
the  body  of  the  plate. 

The  speed  at  which  work  can  be  welded  varies  with 
its  nature.  In  the  following  table  is  given  the  speed 
per  hour  on  iron  plates: 

Inches.  Inchea.  Inches.  Inches. 

ThlckneBB  of  plate 3/«4  H  %  H 

Koot  run   per  hour SO  H  (  4 

In  welding  cast-iron,  especially  thin  sections,  it  is 
necessary  to  pre-heat  the  castings  slowly  to  a  dull 
red.  to  weld  while  in  this  condition,  and  then  allow 
to  cool  slowly.  In  this  way  shrinkage  strains  will 
he  equalized  and  cracks  avoided.  Preliminary  heat- 
ing and  subsequent  slow  cooling  in  a  muffle  are  most 
important,  especially  in  light,  intricate  castings,  such 
as  motor-car  cylinders.  Before  the  advent  of  this 
process,  cracked  motor-car  cylinders  were  almost  in- 
variably scrapped.  Now,  complicated  defects  may 
be  repaired,  but  delicate  work  demand.^  considerable 
experience.  The  process  is  particularly  applicable 
lor  light  machine  castings.  Malleable-iron  and  cast 
steel  may  be  welded  in  the  same  manner  as  cast-iron. 

Metal-Cutting. — Oxygen  is  regularly  used  for  cut- 
»ing  \\  rnught-iron  and  steel  structures.  A  jet  of  oxy- 
ijen  directed  upon  a  previously  heated  spot  of  metal 
ignites  it.  and  the  metal  acting  as  its  own  fuel  burns 
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pidly  in  the  form  of  iron  oxide,  which,  formed 

V   temperature,    lacks   fluidity. 

i4  a  new  cutting  blow-pipe  was  invented.  It 
^....o.o^^d  of  an  ordinary  blow-pipe,  with  an  addi- 
tional passage  through  which  an  independent  and 
separately  controlled  stream  of  oxygen  was  supplied 
at  the  will  of  the  operator.  The  expedient  of  main- 
taining an  independent  heating  jet  in  operation 
whilst  the  cutter  is  traveling  renders  the  cutting  con- 
tinuous. 

The  following  examples  of  good  average  cutting  are 
from  experiments  with  a  hand  oxygen  cutter  which 
was  only  altered  as  required  for  the  gas-pressure 
corresponding  to  the  thickness  of  the  plates: 


Total    quan- 

Pressure oi 

Thickness  of 

Foot-run   of 

tity  of  oxy- 

oxygen  sup- 

metal  cut 

gen  consumed 

plied    to 

Miia  steel. 

per   hour. 

oer    hour. 

cutter. 

Inch. 

Feet. 

Cubic  feet. 
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% 

PO 
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1 

40 

00 
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1% 

?0 
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? 

2 

25 
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A  Reinforced  Concrete  Panorama 
for  Zoological  Gardens 

By  ALBERT  LAKEMAN. 

Concrete    and    Constructional    Engineerins. 

The  primary  object  of  this  panorama  is  to  show  the 
animals  so  that  they  appear  in  a  state  as  nearly  as 
possible  resembling  the  natural.  The  plan  is  that  of 
a  quadrant,  with  a  radius  of  288  ft.,  so  that  the  scheme 
covers  an  area  of  about  260,000  sq.  ft. 

The  panorama  is  divided  by  three  terraces  for  vis- 
itors. These  are  at  varying  levels,  with  a  wide  flight 
of  steps  at  either  end.  At  the  center  of  the  quadrant 
is  a  tea  house  adjoining  the  lower  terrace ;  beyond  this 


Bracing    for  70-Ft.   Concrete  "HIM." 

terrace,  at  successively  higher  levels,  lie  a  duck  pond 
and  four  large  enclosures  for  deer.  A  reinforced  con- 
crete wall  separates  the  latter  from  the  terrace,  and 
beyond  is  a  large  dry  ditch  to  prevent  the  bears  from 
jumping  out  of  the  enclosures  arranged  for  them  be- 
tween the  middle  and  upper  terraces.  There  are  six 
large  bear  enclosures,  each  containing  a  swimming 
tank,  while  the  enclosure  is  undulating  and  con- 
structed to  resemble  natural  rocky  ground  as  far  as 
possible.  On  the  circular  edge  of  the  panorama  four 
goat-hills  rise  to  a  height  of  70  ft.  from  the  ground 
level. 

These  hills  are  one  of  the  most  striking  features  of 
the  scheme.    The  illustration  (Fig.  1)  shows  the  diffi- 


culty of  bracing  for  such  irregular  contour.  One  of 
the  finished  hills  is  seen  in  the  distance,  although  its 
full  height  is  somewhat  lost,  since  the  view  is  taken 
from  the  middle  terrace.  The  construction  of  these 
goat-hills  required  a  great  deal  of  careful  considera- 
tion because  of  their  irregularity  and  the  necessity 
that  they  be  very  rigid  because  of  their  height.  The 
lower  part  of  the  construction  consists  of  several  rows 
of  columns  about  17  ft.  above  the  ground  level;  the 
actual  hill  does  not  begin  until  this  level  is  reached. 
The  spaces  below  are  variously  used;  in  one  instance 
by  a  large  water  tank  which  supplies  the  bear  ponds, 
in  another  by  a  hall  which  is  to  be  used  for  lectures. 
Two  rows  of  columns  only  are  used  here, and  large  rein- 
forced concrete  trusses  with  a  span  of  42  ft.  These  slabs 
were  formed  by  ramming  the  concrete  between  two 
layers  of  wire  netting  spaced  at  the  proper  distance 
apart;  the  ramming  of  the  concrete  caused  the  netting 
to  bulge  and  produce  an  irregular  surface;  in  addi- 
tion the  fine  stuff  protruded  through  the  holes  in  the 
netting.  The  outer  surface  was  treated  with  a  stiff 
broom  which  caused  the  projecting  stuff  to  spread  and 
cover  the  netting  entirely,  simultaneously  furnishing' 
a  suitable  surface  for  the  goats  to  climb.  A  ladder 
inside  the  hill  allows  the  keeper  to  get  to  the  top  with 
food,  which,  being  passed  through  a  feeding  hole,  in- 
duces the  goats  to  climb  up  into  view  of  the  visitors. 

The  bear  enclosures  are  separated  from  one  another 
b.v  high  division  walls  formed  of  concrete;  a  rustic 
cflfect  is  obtained  by  the  use  of  wire  netting  which  has 
allowed  the  concrete  to  bulge.  At  the  same  time  pro- 
jections which  would  allow  the  bears  to  climb  up  the 
walls  and  escape  have  been  carefully  avoided. 

The  water  tanks  in  these  enclosures  are  generally 
.'suspended  from  the  columns  and  slabbing  and  are 
very  irregular.  Without  particular  pains  in  construc- 
tion these  tanks  were  found  to  be  perfectly  water- 
tight. It  will  be  understood  that  there  was  difficulty 
in  tamping  the  concrete  when  portions  of  the  support- 
ing centering  were  composed  of  wire  netting  only. 
The  largest  tank.  40  ft.  x  17  ft.,  with  a  6-ft.  depth  of 
water,  is  used  by  the  polar  bears,  whose  under-water 
antics  may  be  seen  through  a  series  of  observation 
windows  at  the  deep  end. 


The  Painting  of  Iron  and  Steel 

The   Railway   Engineer,    June.    1916. 

A  remarkable  discovery  respecting  the  painting  of 
iron  and  steel  surfaces  has  recently  been  announced 
from  the  Continent,  and  is  fully  worth  the  careful  con- 
sideration of  engineers.  It  is  to  the  effect  that  single 
coat  of  paint  has  been  prov%d  to  resist  the  rusting  of 
the  metal  more  than  either  two,  three  or  four  coats. 
This  is  so  distinctly  contrary  to  accepted  ideas  on  the 
subject  that  it  seems  to  be  almost  fallacious;  yet  when 
we  come  minutely  to  examine  all  the  details  there  cer- 
tainly seems  to  be  some  fundamental  reason  for  it,  and, 
like  many  other  new  suggestions,  it  contains  a  good 
deal  of  truth. 

The  experimenters  cleaned  a  number  of  iron  plates 
and  gave  them  one,  two,  three  and  four  coats  respec- 
tively. When  the  paint  was  thoroughly  hard,  dry  and 
seasoned  the  plates  were  exposed  for  twelve  hours  to  a 
steaming  process.  Then  the  paint  coat  dissolved  off 
and  the  metal  inspected.  That  which  received  a  single 
coat  was  found  to  be  still  bright  and  uncorroded,  while 
in  the  case  where  four  coats  had  been  applied  a  layer 
of  rust  was  evident  upon  it,  and  the  other  two  exam- 
ples displayed  varying  proportions  of  oxide,  which  was; 
greater  where  three  coats  had  been  applied. 
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Bicable  Ropeway,  Half  Mile  Long, 

Passes  lender  Six  Bridj^es  and 

Makes  Four  Bends 

Th.-     i;iii;iri.  .1 

One  of  the  most  complicated  lines  of  ropeway  in  ex- 

isti'iue  is  ciirryinvr  suk'ai"  cane  in  Madeira.  So  jjreat 
were  the  difficulties  presented  that  the  well  known 
German  firm,  Pohlig  of  ColoKne,  declined  to  tender  for 
its  construction,  and  the  English  company,  Bullivant's 
Aerial  Kopewaya,  Ltd.,  received  the  order. 

The  line  is  of  the  bicable  type  and  starts  at  a  wharf 
at  sea-level  and  carries  the  sugar  cane  to  a  factory  Vz 
mile  inland.  That  is  may  offer  the  least  possible  ob- 
struction in  passing  through  the  town,  it  is  laid  along 


gins  with  a  straight  and  fairly  level  stretch  of  about 
400  ft.,  arranged  in  two  spans.  The  low  bridges  close 
together  and  a  bend  in  the  river  are  then  traversed 
by  bending  the  line  through  an  angle  of  33  and  by 
fixing  the  angle  station  close  to  the  left  bank  on 
girders  running  between  the  retaining  walls  (Fig.  1). 
On  the  next  stretch  (400  ft.)  the  line  rises  at  the  rate 
of  1  in  IG  to  a  slight  bend  (7';  )  in  the  river,  necessi- 
tating a  second  angle  station.  The  third  stretch  meas- 
ures about  1,550  ft.  and  is  made  in  three  spans,  each 
of  which  passes  under  a  bridge.  The  average  rise  in 
this  portion  is  1  in  25.  At  its  end  another  bend  in  the 
river  necessitates  an  angle  station  ( Fig.  2)  turning  the 
line  through  31.  Next  follows  a  stretch  of  660  ft.  in 
one  span  during  which  the  line  rises  at  the  rate  of 
1 :20.     Beyond  the  next  bridge  an  angle  station  turns 


Fig.   1 — FIret  Angle  Station. 

the  bed  of  a  river  for  its  entire  length  until  it  comes 
opposite  the  factory,  where  it  turns  up  a  tributary 
stream.  In  the  short  ' :;  mile  of  its  length  it  passes 
under  six  bridges  and  makes  four  bends.  In  winter 
the  river  becomes  a  raging  torrent  confined  between 
high  stone  walls.  It  was  therefore  inadvisable  to 
place  any  of  the  supporting  structure  in  its  bed,  so  all 
trestles  and  angle-stations  had  to  be  cantilevered  out 
from  the  walls  or  supported  on  girders  fixed  in  them 
and  spanning  the  river.  Some  of  the  bridges  allowed 
a  clear  head-room  from  the  river  bed  to  the  arch  of  not 
more  than  10  ft.  Yet  it  was  necessary  to  avoid  the 
bridge  while  clearing  the  highest  level.  Under  even 
the  lowest  bridge  an  angle-station  had  to  be  provided. 
At  the  factory  end  the  ropeway  had  to  be  bent  almost 
through  a  right  angle  and  led  up  a  culvert  through 
which  the  tributary  stream  flows  into  the  factory 
building.  It  was  as  if  the  ropeway  had  to  be  erected 
within  a  sloping,  v«inding  tunnel,  the  cross-section  of 
which  varied  irregularly  from  point  to  point,  and  down 
which  a  torrent  sometimes  roared.  On  portions  of  the 
line  the  gradient  is  about  1  in  9;  the  re<iuired  capacity 
was  15  tons  per  hour  in  individual  net  loads  of  about 
6  cwt.  each,  or  about  50  crates  each  way  per  hour. 
Starting  at  the  wharf,  or  loading  end,  the  line  be- 


Flg.  2— Fourth  Angle  Station. 

the  line  through  78  .  The  line  thereafter  leaves  the 
river  bed  and  passing  up  the  culvert  comes  to  the  ter- 
minal at  the  factory. 


The   Purification   of    Water    in    Military 
Campaigns 

The  wisdom  of  all  ages,  concentrated  in  this  ques- 
tion of  purifying  water  for  use  in  a  military  campaign, 
has  now  (says  Captain  J.  C.  McWalter,  Mediterranean 
Expeditionary  Force,  writing  in  the  Journal  of  State 
Medicine  for  February.  1917),  reduced  itself  to  adding 
a  few  grains  of  common  chloride  of  lime  to  each  100 
gal. — to  be  meticulously  exact.  30  grains  to  100  gal. 
of  water.  This  minute  proportion  efTcctively  kills  off 
organisms  of  the  coli  group  and  renders  the  water  per- 
fectl>'  potable — that  is,  if  it  was  a  fairly  sound  water 
before  the  chlorinating  process. 

The  degree  of  strength  of  the  chloride  of  lime  is  a 
constant  source  of  uncertainty.  It  is  supposed  to  con- 
tain about  33  per  cent  of  available  chlorine  when 
fresh,  but  in  tropical  countries,  where  the  supply  is 
probably  C  to  9  months  old,  it  has  been  found  tliat  the 
proportion  varies  from  8  to  24  per  cent.  It  is  now 
opnt  out  in  well-corked  glass  bottles. 
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»          \'     A      r^        1     t^-iT      in       'IV/fiinir«ir\al  level  of  the  vicinity.    This  latter  may  give  rise  to  dam- 

iYppliea      LreOlOgy      in       iVlUmCipdl  ^^^  g^j^^  ^^  compel  the  use  of  heavy  pumping-  during 

En^inGGrin^  construction.     Hydro-geology  will  show  the  seasonal 

_^__  ,  A pwoRTH  '  fluctuations   in   the   saturation   level,   and   aid   in  the 

The    Surveyor    and    JIunicipal    and    County    Engineer.  treatment. 

_,,                      r       J                J       ^ „„„,^i;„„   +v,o  />«£.(■  (4)   In  ground  of  soft  clay,  mud,  silt,  running  sand 

The  success  of  underground  water  supplies,  the  cost  4.            ■   i               +■                ^  i     >■  \        ■     t--    u 

,         .                       f    u  ^  „«  ^..„„„„f;,^r,c  ^r-  f^„Ti  or  psat,  special  precautions  must  be  taken  in  timber- 

ot  works,  of  sewerage,  of  all  deep  excavations  or  toun-  .     *^    .  '    '_.,       •       .,                        .          1     j     •    •            j 

,  ^.          .    ,         ,     .    „            ,  ,    \, +„^„  „^^  4.v,_  _.  ing,  strengthening  the  permanent  work,  draining  and 

dations,  is  largely  influenced  by  the  nature  ot  the  ge-  *'       .       .,     ^        ,   ..        ,    1       ^          J-       1       1 

.     ,        .     •   ,■        i       ti,  •    Vi,„  i.^ „!,„„      Th^  „o  fortifying  the  foundations  below  formation  level,  so  as 

ological  materials  met  with  in  the  trenches.     Ihe  na-  .  ,    ^.u               j  ,.               ^  ^.v,            1    •            -v.* 

X           ^  i.1.                J                t-  ^^A   A„^i„„  «r,^o+^„^4-;««  to  enable  the  ground  to  support  the  overlying  weight, 

ture  of  the  ground  encountered  during  construction  .      ?^       u             fi:          t,              j      i.-  u  u 

■   11             i-i        *  A-       *-„  K„f,„^„r,  ««v,f,-oof/.yc  Pipes  must  often  be  run  through  ground  which  has 

is  perennially  a  matter  of  dispute  between  contractors  f-jj,                  .c         i--v,- 

J           •   •     1        4.U     •+        T.,„o„,.,ui„  tv,Q   «o„=,=   Vioo  subsided  because  of  coal  mining  or  brine  pumping, 

and  municipal   authority.     Invariably  the   cause   has  „        ..           .,               ,,,    ,          .    ^               u            ■  j  j 

J.J.         f  .,  „ „!„„„  „*  tv,<»  o,..^o„Q  Sometimes    the    unsettled    regions    may    be    avoided; 

been  misunderstanding  of  the  geology  01  the  excava-  •      .,              ^..c           u          j?       j                j      • 

J  ,,             li  ■          ■   1,1     „„„(-!„     T.,<-«v,^;v,rr  ^r>r,  agaiH,  the  question  of  purchase  of  underground  min- 

tions,  and  the  result  invariably  costly.    Intending  con-  ,                 ■         rp,       V    •        e    -,.      f                     ■     ■ 

'                  .,           ■  ]  A  hv  trial  borines  •  thev  are  erals  may  arise.    The  choice  of  sites  for  sewage,  irri- 

rac  ors                       ,      ..        „„4.„„„<.   f„  „  i-^L^  ^r  «„„  gation,    farms,   and   for   cemeteries,   the   selection    of 

often  compelled,  under  the  contract,  to  a  type  ot  con-  *     .       .            j       n       n  *      ^-u           i-     <■•         f        1 

struction  unsuited  to  the  ground  unexpectedly  encoun-  ^°"tes  for  roads,  all  call  for  the  application  of  geolog- 

tered;heavv  expenses  have  been  incurred  by  locating  ical  and  hydro-geolog.ca    principles         ,^        ,        , 

,  '.     ,    J       ^      ,      A11+V,  „., +,.„„v>i„o  rv,n,T  v^o  w,;,,;  The  engineer  armed  with  a  sound  knowledge  of  geol- 

works  in  bad  ground.    All  these  troubles  may  be  mini-  .  ^               a     ,.     ^^                  j      i.   ^               j 

,              .5  J      -tu          4.-     1 „i«„,v.oi  ^^,^n,^,^aAr,a  ogV  Will  be  more  efiectuallv  prepared,  whatever  under- 

mized  or  avoided  with  practical  geological  knowledge.  ,     -^     ^-       .                            <.          t,.   •             1,  •     .l 

„      .         .        X     i  u     1      +  i,„    „„„^„»,t    ^f   K„+    f«r«  ground  situation  he  may  encounter.     It  is  a  subject 

Engineering   text-books    take    account    ot    but   two  *,.,.,           ,,  -jr          j          ■                        i.^j. 

,   ^  .             J    «       J..       A  "u^A"     Tv,«,T  i^r^rsr-^  fUo  which  thc  well-informed  engineer  can   not  afford  to 

sorts  of  ground,     good     and     bad.       ihey  ignore  the  =• 

many  types  of  underground  material,  the  principles  of      "^^  ^^  '  

the  occurrence  of  underground  water,  and  the  difficul- 
ties of  construction  under  different  geological  condi-  Working   CostS    for   MotOr    Sweeping  at 

*'°"®           ,                      .    .  ■     ,     u   1.             1  Hackney,  England 

Between  the  engineering  text-book  which  sees  only  "            =" 

"rock"    or    "muck"    and    the    geological    treatise    which  ^he  surveyor  and  Municipal  and   county  Engineer. 

contains  much  redundant  matter  from  the  engineer's  Mr.  Norman  Scorgie,  M.  Inst.  C.  E.,  borough  engi- 

standpoint,    lies    the    geology    which    every    engineer  neer  of  Hackney,  has  prepared  the  following  report  on 

should  know:   the  principles  of  stratification,  the  for-  the    working    of    the    Laffy    road-sweeping    machine 

mation  of  rocks  and  deposits,  and  the  structures  oc-  owned  by  the  borough  council  during  the  year  1916-17: 

curring  in  them  as  the  result  of  formation,  change,      Mu^a'^-e  ricord^d  ^°'^''*''  8925 

weathering  or  earth  movements.    He  should  be  able  to  Average  per  day '!!.'!!!!!.". !!!!!!!!;'. I!].'!!."..'.'!'.!  '35 

recognize  and  describe  all  the  common  solid  rocks,  and  '^Tvera°ieTer''day''^.?*.:::::;:;:;::::::;:;:::::;::H'!i  mllel 

unconsolidated  deposits.    He  should  understand  a  ge-     Petrol  used   ....  ...i.oss  gallons 

.  '^  .  J  .  J    ,  Average    per    day    4.07  gallons 

ological  map  as  he  does  a  working  drawing,  and  be  Distance  per  gallon  8.6  miles 

able  to  plot  approximate  geological  sections  from  it.  ^"^7^fancf  ^r'^on::::::::::::::::::::::::::::::::  rfs  mnlr' 

as  well  as  accurate  geological  records  from  borings,      Axie  grease  used      il9  "=?,■ 

,     .,,,         ,  ,  II  1  «i--         -  J.1  Distance    per    1    lb 64  miles 

trial  holes,  trenches  and  tunnels.    A  training  in  petrol-      Number  of  broom  refills  33 

ogy  is  desirable  for  the  road  engineer,  though  profi-  Av"ap  "4lring  SLTa'Sce  "per  broom  ■.•.•.■.■.•.•.■.■.•.•.•.•.   210  mZl 

ciency  requires  more  time  than  the  professional  engi-  initial  cost. 

neer  can  afford.  ijachine    ess     0     6 

Of   equal    importance    is   hydro-geology,   which    in-  |^°e°edometer ''.■.■.'.'.■.'.■.■.■.■.■.  i!  ■.".'.■.■.■.'.■.■.■.■.■.■.■.■.■.■.:".".'.'.".■.■.■.".■.■.  ^5    "     0 

eludes    the    principles    of   the    occurrence    of    under-      spare  broom  spindles  (6)  15     0     0 

ground  water  in  different  geological  deposits,  the  laws  670    15    ~o 

of  flow  through  porous  and  permeable  materials,  and  Life^?^J^  m°ach?nl'^fss^m^edTs''eilht'^years. 

underground  water  levels  and  their  fluctuations.     To  £.     s.    d. 

,  ,-,  ,  1       •(.         J!  J  J         „  Depreciation,    12%   per  cent    83     16     11 

be   sure,   the   extreme   complexity   of   underground   con-  Depreciation  on  sundry  additional  plant.   levers,   lifting 

ditions  shows  that  often  the  quantitative  results  of  cal-  ^.^'^ -^^^^ ^^Uiri^' ^-^.^'Ure-; ■■.:::::::  2!     I    'I 

culations  have  little  application  to  practice.     Never-      insurance 10     4     0 

theless,  such  calculations  help  one  to  anticipate  the  p'e^fof  a^038%i."2r2d  and '23 ' 3d' per  gaiion) '.:::■. I!!^        7     2 

complications  to  be  met,  and  to  deal  more  rationally      l^"''"'='*""fi^,'"l,{,^°  Piv,  ^f  ^^'^  *°  ^^  ^"^  p"  ^^'•' ~l     5     I 

.   ,  .  1      J.    J        Broom   refills    (33   at    £2   Ss) (9       4       0 

With  the  underground  water  problem.    A  few  selected      ,\xie  grease  fi40  ibs.)   3     2     0 

instances  upon  which  practical  geology  has  a  direct  453    li    ~5 

bearing  are  given:  Equal  to  Cs  11. Sd  per  mile  of  road  swept. 

(1)  Investigation  to  determine  the  dimensions  of  Taking  the  work  actually  done  by  horse  machines 
the  permanent  work  and  probable  cost  and  the  ground  during  the  preceding  year  (1915-16),  including  the 
water  levels,  to  make  it  possible  to  judge  whether  a  washing  down  in  front  of  these  machines,  and  calcu- 
change  of  location  is  desirable,  and  to  put  in  a  fairer  lating  its  cost  at  the  prices  which  were  in  force  during 
price.  the  year  1916-17,  the  total  cost  would  have  been  £1,474. 

(2)  In  questions  of  v/ater  supply,  particularly  from  The  cost  of  the  work  actually  done  by  horse  machines 
underground  sources,  where  the  selection  of  a  site  re-  during  the  year  1916-17  was  £890;  the  cost  of  the  work 
quires  intimate  acquaintance  with  the  local  geology,  of  the  motor  machine,  as  stated  above,  has  been  £454; 
both  as  to  rocks  and  superficial  deposits.    These  cases,  so  that  the  total  cost  has  been  £1,844. 

however,  are  often  left  to  the  consulting  engineer.  There  has  been  a  saving  of  £130,  as  compared  with 

(3)  In  the  building  of  sewer  and  pipe  lines,  where  the  previous  year's  work,  when  horse-drawn  brooms 
unconsolidated  deposits  of  recent  geological  origin  were  used  exclusively.  During  1916-17  prices  were  15 
often  occur,  lines  have  to  be  built  in  water-bearing  per  cent  above  those  of  1915-16,  and  they  are  still  in- 
rocks,  or  the  opening  of  a  deep  trench  in  porous  mate-  creasing,  so  that  the  saving  during  the  present  on  this 
rial  drains  surrounding  territory,  and  lowers  the  water  one  machine  should  be  about  £200. 

(36) 


July  31.  1918. 


EXGlNKKRINi;     AND     Ct  iNTkALTI\< . 


133 


Cold  Weather  ConcretinjJ 

As  a  result  of  experience  gained  over  a  number  of 
years  of  winter  concrete  building  in  Canada,  John 
Hammersley-Heenan.  Assoc.  M.  Inst.  C.  E.,  offers  the 
following  suggestion: 

The  freezing  of  concrete  will  not  damage  it  if  it  has 
first  had  a  chance  to  set  under  favorable  conditions 
for  about  2  days.  The  effect  of  freezing  is  simply  to 
delay  the  process  of  hardening,  which  will  proceed 
under  favorable  conditions  and  eventually  attain  its 
full  strength.  If  concrete  freezes  before  it  begins  to 
set,  it  will  not  be  injured  if  precautions  are  taken  to 
prevent  it  from  freezing  again  after  it  thaws  until 
sufficiently  hardened  to  withstand  the  effects  of  sub- 
sequent freezings.  It  is  alternate  freezing  and  thaw- 
ing that  does  the  damage. 

To  meet  these  conditions,  when  carrying  out  con- 
crete work  in  winter,  devise  means  of  mi.xing  the  con- 
crete with  materials  freed  of  frost,  placing  it  in  the 
forms  before  it  has  begun  to  freeze,  and  then  protect- 
ing it  and  keeping  it  warm  for  about  two  days.  After 
that  it  may  be  allowed  to  freeze. 

In  the  case  of  a  large  mass  of  concrete,  it  is  un- 
necessary to  apply  external  heat,  as  the  big  body  of 
concrete  will  generate  sufficient  heat  in  the  process  of 


on  wooden  strips  about  6  in.  above  the  surface  of  the 
concrete.  Generally  this  will  be  sufficient,  but  in  very 
cold  weather  it  is  wise  to  erect  a  sort  of  tent  in  which 
extra  stoves  may  be  placed. 

If  adequate  fires  are  kept  burning  for  two  days,  the 
concrete  may  afterward  be  allowed  to  freeze  without 
fear.  The  work  must  be  examined  from  time  to  time 
until  found  to  be  sufficiently  hard.  In  summer  the  au- 
thor has  sometimes  allowed  the  supports  from  the 
under  side  of  the  slabs'  to  be  removed  in  4  days,  but 
in  winter  often  4  weeks  have  been  found  not  too  long. 


Experiments  with  Breakwater 

Models  to  Determine  Wave 

Action 


In  an  article  dealing  with  wave  action  on  harbor 
breakwaters  and  piers,  E.  R.  Matthers,  Associate 
Member  Institution  Civil  Engineers,  gives  results  of 
his  own  experiments  with  breakwaters  of  various  pro- 
files: 

Wave  Effect  on  Curved  Wall. — The  apparatus  used 
was  simple:   shallow  enameled  trays   in   which   wave 
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Top  Row:  Fig.  1— Plan  of  Wall  With  Concave  Curve.  Fig.  2— Wav3  Stroke  on  Vertical  Wall.  Fig.  3 — Vertical  Wall  With  Pro. 
Jecting  Cornice.  Bottom  Row:  Fig.  4 — Wave  Stroke  on  Curved  Forced  Wall.  Fig.  S — Wave  Stroke  on  Curved  Wall  After  Profile 
Was    Amended.     Fig.    6— Sloping    Face    Wall. 


hardening  to  enable  the  mass  to  set;  it  is  necessary 
only  to  protect  the  outside  of  the  concrete  so  as  to 
keep  the  heat  in.  This  can  best  be  done  by  covering 
the  concrete  with  clean  straw. 

For  light  sections  of  concrete  such  as  reinforced 
concrete,  poured  at  a  temperature  not  below  22  F., 
some  engineers  allow  salt  to  be  used  in  proportion  not 
exceeding  10  per  cent.  The  author  prefers  not  to  use 
it  except  in  marine  work  when  the  concrete  is  mixed 
with  sea-water  and  the  salt  admitted  in  that  form. 
Instead  of  using  salt,  good  results  are  obtained  for 
temperatures  not  below  22°  F.  by  heating  the  water 
with  a  steam  hose  taken  from  the  mixer-boiler,  and 
when  necessarj"  placing  a  few  coke  or  wood  fires  on 
the  heaps  of  sand  and  crushed  stone,  the  usual  pre- 
cautions being  taken  to  protect  the  concrete  when  in 
the  forms. 

For  lower  temperatures  greater  precautions  must 
be  taken  to  heat  the  ingredients  by  means  of  steam 
coils  or  radiators.  The  concrete  being  mixed  and  the 
part  of  the  work  to  be  done  decided  upon,  the  floor 
immediately  below  should  be  partitioned  off  with  tar- 
paulins and  coke  stoves  arranged  under  the  floor  slab, 
one  stove  to  every  800  sq.  ft.  of  floor  space.  All  loose 
dirt  and  snow  must  be  removed  from  the  forms  with 
brooms,  and  a  steam  hose  applied  to  remove  all  ice 
and  frost,  the  steam  playing  continuously  over  the 
forms  to  warm  them.  The  concrete  should  be  poured 
quickly  and  continuously,  and  as  each  section  is  fin- 
ished a  tarpaulin  may  be  drawn  over  it  and  supported 
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action  was  easily  produced,  and  a  breakwater  made  to 
scale  in  plasticene.  One  point  of  considerable  inter- 
est was  demonstrated,  the  folly  of  building  seawalls 
curved  in  plan  (concave  curve)  as  shown  in  Fig.  1. 
As  a  result  of  this  the  wave  strikes  the  seawall  and 
runs  along  it,  as  shown  by  the  arrows,  and  when  the 
two  portions  of  the  wave  meet  the  sea  shoots  upward 
and  falls,  usually  at  the  back  of  the  structure,  some- 
times doing  considerable  damage.  The  shape  of  the 
wall  itself  is  of  little  help  in  a  case  of  this  kind.  Even 
with  a  stepped-face  wall  the  same  thing  occurred,  but 
with  slightly  less  serious  effect. 

Wave  Stroke  on  Vertical  Wall. — The  first  type  of 
wall  experimented  on  was  the  "vertical  wall."  It  was 
found  that,  when  a  wave  struck  this,  if  there  was  no 
provision  for  throwing  back  the  wave,  the  latter  shot 
upward  to  a  considerable  height  and,  if  uninfluenced 
by  the  wind,  about  half  of  the  wave  fell  at  the  back 
of  the  wall,  causing  much  scour  (Fig.  2).  The  dotted 
lines  indicated  where  scour  is  produced. 

Vertical  Wall  with  Heavy  ProjectSng  Cornice. — Fig- 
ure ^  shows  the  result  of  the  wave  stroke  upon  this 
vertical  wall  when  a  projecting  cornice  has  been 
added.  No  portion  of  the  wave  went  over  the  wall, 
but  the  whole  of  it  fell  hack  at  the  base,  causing,  in 
actual  practice,  considerable  scour. 

Curved-Fnce  Wall. — Figure  4  shows  clearly  how  this 
profile  a.s.sists  the  wave  in  leaping  over  the  wall.  It 
is  an  outline  not  to  be  recommended. 

Cur>-ed-Face   Wall    with    Projecting   Cornice. — Fig- 


134 


ENGINEERING   AND    CONTRACTING 


Vol.  50,  No.  5. 


ure  5  shows  how  much  better  a  wave  is  thrown  back 
by  the  addition  of  a  heavy  projecting  cornice. 

Battered-Face  Wall. — A  sloping  face  wall,  without 
any  provision  for  throwing  back  the  wave,  is  almost 
as  bad  as  a  curved-face  wall,  as  the  batter  encourages 
the  wave  to  ascend  instead  of  retarding  its  progress, 
as  in  the  case  of  a  stepped-face  wall.  Experiments 
demonstrated  that  a  wave  will  leap  over  a  wall  of  this 
contour. 


Camp  Sanitation 

In  a  series  of  articles  on  Camp  Sanitation  in  Vol.  46 
of  the  Surveyor  and  Municipal  and  County  Engineer, 
G.  Bertram  Hartfree  gives  some  useful  points  on  va- 
rious phases  of  the  subject. 

In  the  paper  on  "Ablutions"  he  says:  In  the  ab- 
.«ence  of  anything  more  suitable,  marquees  may  be 
■erected  and  metal  baths  provided  in  canvas  cubicles. 
■Care  is  required  in  respect  to  the  disposal  of  the  foul 
water.  By  excavation  in  the  earth  and  lining  with  a 
large  wagon  tarpaulin,  a  very  useful  bath  can  be  pro- 
vided. The  water  supply  may  be  obtained  by  dam- 
ming the  stream  and  diverting  the  required  water,  or 
perhaps  from  a  tap  supplied  from  public  mains.  A 
waste  channel  must  be  secured  leading  from  the  lower 
end  of  the  bath  to  the  waste  water  trenches.  The  dif- 
ficulty of  clothes  drying  may  be  overcome  by  the  fa- 
miliar "devils"  or  braziers  used  by  watchmen.  These 
should  be  fed  by  charcoal,  which  is  easily  made  in  the 
following  way :  Dig  a  pit  2  to  3  ft.  in  depth  and  4  to  5 
ft.  in  diameter.  Make  in  the  pit  a  fire  and  feed  con- 
tinually, preferably  with  hard  wood,  so  as  to  insure 
that  as  the  hot  embers  sink  to  the  bottom,  the  pit  re- 
mains full  of  fuel.  When  the  embers  reach  to  the  top 
of  the  pit,  sufficient  fuel  should  be  added  to  reach  a 
height  of  18  in.  above  ground  level,  and  the  excavated 
earth  covered  over  the  burning  mass.  A  fine,  loamy 
soil  gives  the  best  results,  as  hard  earths  do  not  pro- 
vide an  airtight  cover.  At  the  end  of  24  hours  a  pit 
full  of  charcoal  will  be  obtained.  In  the  absence  of 
clothes-horses,  copper  or  galvanized  wire  stretched  on 
posts  makes  a  useful  substitute. 

In  the  article  on  "Water"  the  author  makes  the  fol- 
lowing suggestions: 

Canvas  troughs  are  supported  by  wooden  pegs  kept 
taut  by  ropes;  the  more  modern  form  is  supplied  with 
folding  brackets  which  permit  of  quicker  erection.  The 
brackets  consist  of  a  metal  base  to  which  wooden  or 
metal  uprights  are  attached  by  hinge  or  socket.  When 
canvas  troughs  abut  longitudinally,  it  may  be  neces- 
sarj'  to  take  the  service  pipe  under  those  troughs  near- 
est the  main,  and  care  must  be  taken  that  the  brackets 
do  not  rest  upon  the  pipe  but  that  the  pipe,  while  pass- 
ing under  the  canvas,  rests  on  the  base  of  the  bracket; 
otherwise  the  pipe  runs  the  risk  of  fracture. 

Should  canvas  be  unobtainable,  either  trenches  must 
be  dug  and  lined  with  clay,  or  shallow  metal  tanks  pro- 
vided; or,  time  permitting,  wooden  troughs  may  be 
constructed.  In  erecting  wood  troughs  all  abutting 
boards  should  be  planed  true.  Sounder  joints  are  made 
by  tonguing  and  grooving  or  by  rebating  edges  and  in- 
serting large  rushes  which  swell  and  close  all  cracks. 
Glue  should  not  be  used,  but  paint  is  excellent  if  ap- 
plied before  the  joint  is  made,  and  grease  also  may  be 
used  if  the  excess  is  carefully  wiped  away.  Hot  pitch 
is  efficacious  if  applied  after  the  joint  is  made. 

Should  the  ground  be  soft,  a  paving  of  rammed 
pitchings  is  necessary  for  the  horses  to  stand  on. 

When  supplies  are  taken  elsewhere  than  from  a 
water  main,  the  following  order  must  be  observed, 


starting  at  the  highest  part  of  the  stream:  men's 
drinking  water,  horses'  drinking  water,  washing,  with 
camp  drainage,  if  it  reaches  the  stream,  as  far  down 
as  possible. 

In  rural  camps  it  is  desirable  to  mark  every  class  of 
water  by  distinguishing  flags.  White  is  generally  used 
to  denote  men's  drinking  water,  and  blue  for  horses. 
Red  beside  a  running  stream  denotes  an  ablution  sta- 
tion. 

When  treatment  is  necessary,  and  medical  advice 
cannot  be  obtained,  the  following  may  be  useful: 

(1)  To  clear  muddy  water  add  6  gr.  alum  per  gallon 
some  hours  before  use; 

(2)  To  help  remove  organic  matter  add  leaves  that 
have  been  used  to  make  tea;  or 

(3)  Use  permanganate  of  potash.  If  the  familiar 
pink  reaction  does  not  appear,  let  the  water  stand  and 
treat  from  time  to  time  until  a  permanent  tinge  is  se- 
cured. 

Emergency  filters  can  be  constructed  out  of  barrels, 
tins  or  f.nything  at  hand  which  will  hold  water.  Bar- 
rels are  especially  useful,  and  for  drawing  supplies 
from  lakes  a  large  barrel  containing  a  small  barrel  can 
be  arranged  so  that  clear  water  may  be  dipped  out  of 
the  latter  after  its  filtration  through  the  media  con- 
tained in  the  former.  Charcoal,  gravel  and  coarse  sand 
are  suitable  for  filtration. 


Ant-Hills  and  Railway  Construction  in 
Africa 

The    Railway    Engineer. 

In  the  course  of  a  valuable  paper  on  the  Katanga 
District  of  the  Belgian  Congo  read  by  Mr.  E.  A. 
Browning  before  the  South  African  Society  of  Civil 
Engineers  the  ob.structions  and  trouble  caused  by  ant- 
hills to  railway  construction  in  Africa  were  described 
as  follows: 

In  connection  with  the  earthwork,  a  feature  which 
begins  to  develop  north  of  the  Zambesi  and  continues 
as  far  as  the  railway  has  yet  advanced,  is  the  enor- 
mous ant-hills  encountered.  Ordinarily,  it  would  ap- 
pear ridiculous  to  speak  of  making  a  railway  cutting 
through  an  ant-hill,  but  in  the  Katanga  this  is  liter- 
ally what  one  is  obliged  to  do.  The  ant-hills  are  gen- 
erally cone-shaped,  and  it  is  by  no  means  uncommon 
to  find  them  20  ft.  high  and  60  ft.  diameter  at  the  bot- 
tom. The  largest  which  the  author  has  measured  was 
37  ft.  high  and  82  ft.  in  diameter  at  the  base.  To  make 
a  cutting  through  an  ant-hill  and  remove  300  tons  of 
earth  in  so  doing  is  quite  an  ordinary  proceeding.  In 
removing  one  ant-hill,  over  1,200  tons  of  earth  had  to 
be  excavated.  Upon  the  site  of  Elizabethville  Railway 
Station,  which  has  a  length  of  about  V2  mile  and  a 
width  of  V4  mile,  there  were  no  fewer  than  76  of  these 
ant-hills,  which  cost  over  £3,000  to  remove  and  level 
out.  The  sides  of  the  cuttings  through  these  ant-hills 
are  found  to  stand  very  well  with  '^/o'.'i.  slope. 

The  ant-hills  are  often  found  to  be  a  source  of  trou- 
ble because  of  their  uncertain  state  of  solidity.  Gen- 
erally, if  the  ant-hill  be  entirely  removed,  or  if  the  cut- 
ting be  brought  down  to  ground  level,  it  is  found  that 
"slacks"  are  produced  within  the  limits  of  the  anti-hill, 
especially  near  its  center:  but  if,  as  in  a  bank,  the  top 
only  be  removed  or  a  slice  taken  out  of  its  side,  the 
anti-hill  remains  solid,  and  the  made  ground  on  either 
side  of  it  sinks  and  so  causes  slack. 

In  excavating  a  cutting  through  one  of  these  mounds 
one  frequently  chances  upon  a  chamber  which  serves 
some  purpose  in  the  domestic  economy  of  the  ants. 
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This  chamber  is,  perh.ips,  three  or  four  feet  in  diam- 
eter, and  is  filled  with  a  drab-colored  structure  of  wood 
pulp,  cemented  firmly  and  built  up  something  lii<e  a 
honey-comb.  In  this  chamber  the  queen  ant  is  some- 
times found,  an  ugly,  grub-like  creature,  without  legs 
or  wings,  and  reputed  to  be  capable  of  depositing  14,- 
000,000  eggs.  These  chambers  evidently  serve  as 
breeding  places  or  as  ventilating  shafts.  In  any  event 
the  exposure  of  them  seems  to  be  a  source  of  annoy- 
ance to  the  occupants,  as  they  very  quickly  set  about 
the  repair  of  their  house.  Their  usual  method  is  to 
seal  the  e.xposcd  surface  by  plastering  it  over  with 
soil  worked  up  into  a  clayey  state,  so  that  within  a  day 
or  two  an  excrescence  like  a  carbuncle  appears  to  grow 
from  the  surface.  When  this  happens  under  the  per- 
manent way  it  is  a  great  nuisance,  because  thereby 
the  rails  are  raised  at  that  point  and  often  distorted 
from  their  proper  alignment.  The  author  has  known 
rails  to  be  lifted  about  1  ft.  from  their  proper  level  in 
a  few  days,  and  it  has  taken  months  to  defeat  the  op- 
erations of  these  indefatigable  creatures. 
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The  Alexandra  and  Hiighes'Docks, 
Bombay,  India 

[iidian    and    Kastern    Kngincer. 

The  new  Alexandra  dock,  which  is  really  a  large 
basin,  has  a  water  area  of  49';.  acres  and  a  depth  of 
37' 2  ft.  at  mean  high  water,  and  is  capable  of  accom- 
modating steamers  of  the  largest  size  which  visit  the 
East. 

The  entrance  lock,  which  is  7.50  ft.  long  between 
the  sills  and  100  ft.  wide,  has  a  depth  of  water  of  23 
ft.  over  the  inner  sill  at  lowest  ordinary  spring  tides 
and  37  ft.  3  in.  at  high  water  spring  tides.  Steamers, 
not  more  than  750  ft.  long  drawing  22  ft.  of  water,  can 
be  locked  through  to  the  dock  at  any  state  of  the  tide 
Vessels  of  greater  length  than  750  ft.  have  to  wait 
till  nearly  high  water  when  both  gates  are  opened. 

Inside  the  dock  there  are  17  berths,  500  ft.  to  ,520  ft. 
in  length.  These  berths  are  equipped  with  35  cwt. 
hydraulic  cranes,  and  train  shed  accommodations  car- 
rying from  3-storied  sheds,  400  ft.  long  by  128  ft.  wide, 
to  single-storied  sheds  400  ft.  long  by  107  ft.  wide. 
Railroad  sidings  run  between  the  quay  and  the  sheds; 
also  behind  the  sheds. 

It  is  intended  to  use  the  east  side  of  the  mole,  which 
runs  for  1.500  ft.  south  of  the  entrance  lock,  as  a  mail 
steamer  berth,  where  all  passengers  and  mails  will 
be  landed  without  the  intervention  of  tenders.  The 
mail  trains  will  start  from  this  point  with  up-country 
passengers  and  mails  shortly  after  the  arrival  of  the 
mail  steamers.  The  west  side  of  the  mole  is  intended 
as  a  berth  for  troop  ships. 

The  Hughes  Dry  Dock,  which  is  1,000  ft.  long  with 
an  entrance  of  100  ft.  in  width,  is  situated  at  the  south 
end  of  the  Alexandra  dock  and  parallel  with  the  en- 
trance lock.  The  dimensions  of  this  dry  dock  are  suf- 
ficient to  accommodate  the  largest  English  battleship. 
It  has  three  central  caisson  grooves  for  dividing  the 
lock  into  two,  and  is  provided  with  three  sets  of  keel 
blocks,  so  that  while  it  is  capable,  when  used  as  one 
dock,  of  accommodating  the  largest  steamer  afloat,  it 
can  be  made  available  for  four  vessels  up  to  460  ft. 
in  length  to  be  dry-docked  at  the  same  time,  two  side 
by  side  in  the  inner  half,  and  two  in  the  outer  half. 
The  whole  dock  area  is  provided  with  a  system  of  rail- 
way sidings,  some  26  miles  in  length,  where  cars  may 
be  loaded  and  unloaded. 


Hydraulic  power  is  used  for  operating  the  crane.-*, 
dock  gate  machinery,  train  shed  lifts,  etc. 

The  total  e.stimated  cost  of  the  new  docks,  includ- 
ing the  Communicating  Passage  between  the  Alex- 
andra and  the  Victoria  docks,  was  roughly  120,000,000. 


The    Kmployinent   of   Women  in 
En^Ush  Munition  Factories 

In  an   article  in  The  Journal  of  the   Institution  of 
.Mechanical  Engineers,  dealing  generally  with  the  sub- 
ject of  this  title.  Miss  O.  E.  Monkhouse  gives  some  of 
the  results  of  her  own  experience  in  the  employment 
of  women  in  munition  factories. 

The  successful  employer  of  women  faces  squarely 
the  fact  that  the  p.sychology  of  the  woman  worker  is 
different  from  that  of  the  man.  He  next  fixes  on  work 
suitable  to  his  new  type  of  employe  and  then  deter- 
mines the  quickest  and  easiest  way  to  train  her  for  it. 
He  next  appoints  an  experienced  woman  to  engage  and 
look  after  the  women. — Here,  parenthetically,  the  au- 
thor says  that  there  is  no  doubt  that  in  general  a  wom- 
i.n  is  a  better  judge  of  a  woman  than  is  a  man.  A 
case  recently  came  to  her  notice  where  one  side  of  the 
labor  was  chosen  by  a  woman  and  the  other  by  a  man. 
There  was  great  complaint  of  tne  inetriciency  of  the 
latter,  but  none  of  the  former.  Investigation  disclosed 
the  fact  that  the  women  "turned  down"  by  the  woman 
supervisor  were  generally  engaged  by  the  man. — Fi- 
nally, the  employer  selects  as  a  technical  overseer  a 
foreman  who  is  sympathetic  with  the  new  venture. 

Skilled  men  must  do  the  technical  training  and  must 
use  all  their  skill  to  train  the  inexperienced  women. 
They  have  to  sectionalize  the  work,  adapt  machinery, 
simplify  operations  .so  as  to  make  it  possible  to  employ- 
women.  In  their  hands  lies  largely  the  power  to  re- 
tard all  progress  by  women  on  skilled  work,  because 
at  the  outset  hardly  a  woman  is  in  a  position  to  know 
when  obstacles  are  being  placed  in  her  path.  She  has, 
;ierforce,  to  rely  upon  men's  generosity  and  her  posi- 
tion in  engineering  shops  today  shows  that  she  has  not 
relied  in  vain. 

On  the  other  hand  every  man  is  not  a  teacher,  and 
every  teacher  of  men  does  not  necessarily  make  a  suit- 
able teacher  of  women.  The  unequal  success  of  women 
in  different  shops  is  due  partly  to  this  cause  as  well  as 
to  antagonism  on  the  part  of  the  men. 

The  unskilled  woman  in  engineering  works  has  a 
great  deal  to  face.  Her  difficulties  may  briefly  be  sum- 
marized as  follows: 

( 1 )  She  is  usually  unaccustomed  to  factory  life  and 
discipline. 

(2)  Her  works  manager  and  foreman  may  be  unac- 
customed to  managing  women  workers. 

(3)  The  shop  conditions  are  probably  planned  with 
a  view  to  the  employment  of  men. 

(4)  She  has  hitherto  been  unaccustomed  to  machin- 
ery. 

(5)  There  is  difliculty  in  maintaining  discipline  in  a 
mixed  shop,  and  in  entirely  female  shops  staffed  b.v 
wonien  of  no  previous  factory  experience. 

(6)  The  long  hours. 

(7)  The  question  of  physical  strength. 

Most  of  these  ditlicultit-s  have  been  overcome  by 
careful  selection  of  suitable  work,  a  wise  choice  of 
labor,  proper  shop  conditions  and  organization,  con- 
forming to  definite  welfare  standards,  installing  or 
adapting  plants  suitable  to  women's  use,  supplying 
proper  training  facilities,  subdividing  skilled  work  andl 
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adapting  the  hours  of  employment  in  accordance  with 
the  class  of  work  done. 

That  women  have  done  as  well  as  they  have  is  at- 
tributable largely  to  three  causes:  (1)  They  have  been 
definitely  taught,  whereas  the  apprentices  had  to  pick 
up  their  trade.  (2)  They  have  mostly  been  intensively 
taught  everything  in  the  shop  itself  under  production 
conditions  rather  than  in  the  school.  (3)  Conditions 
of  the  time  have  spurred  everybody  on  to  greater  effort 
from  patriotic  motives. 

•  Just  a  few  large  firms  have  done  the  ideal  thing  and 
set  up  their  own  training  schools,  from  which  they 
have  a  continuous  flov/  of  semi-trained  labor  always 
ready  to  draw  upon. 


Porms  for  Concrete  Building  Con- 
struction 

From    an    article    by    .411an    Graham    in    The    Surveyor    and    ilu- 
nicipal  and  County  Engineer. 

The  design  of  the  form  is  usually  left  to  the  con- 
tractor, but  the  author  believes  that  for  efficiency  as 
well  as  for  his  own  protection,  the  engineer  should 
set  out  some  typical  portion  of  .the  forms  for  the  con- 
tractor's guidance. 

It  is  not  merely  that  a  design  is  required  for  a  spe- 
cific case  to  support  safely  a  certain  volume  of  con- 
crete, it  is  rather  the  problem  of  designing  a  set  of 
forms  which  can  be  erected,  taken  down  and  many 
times  re-used  during  the  progress  of  the  work. 

A  careful  consideration  of  the  type  of  centering, 
the  kind  of  timber,  how  much  to  center  at  one  time, 
and  what  clamps,  bolts,  nails,  wire  or  strap  steel 
should  be  used,  will  repay  the  trouble  taken  and  result 
in  better  and  more  economical  work. 

Authorities  place  the  cost  of  form  work  at  anywhere 
from  20  per  cent  to  60  per  cent  of  the  total  cost,  so 
the  chance  of  reducing  this  hindrance  to  the  more 
general  use  of  concrete  ought  to  be  closely  considered. 
American  construction  firms  have  tried  in  many  ways 
to  reduce  this  cost,  and  to  this  end  the  forms  are  de- 
signed in  the  drawing  oflSce  at  a  cost  of  2  per  cent 
and  a  saving  of  10  per  cent. 

The  author  dwells  upon  the  desirability  of  careful 
checking  of  measurements,  to  see  that  the  concrete 
members  are  actually  carried  out  as  designed,  and  em- 
phasized the  necessity  of  close  joints  to  prevent  the 
mixture  escaping,  the  remedying  of  cracks,  the  re- 
moval of  forms,  clamps,  and  nails  to  hold  the  forms 
together,  the  repair  and  re-use  of  form  work,  the  im- 
portance of  clearing  forms  of  all  sawdust,  dirt  and 
chips  before  filling  with  concrete,  and  the  wetting  of 
timber  to  prevent  sticking. 

Of  timber  he  said:  White  pine,  yellow  pine  and 
spruce  are  all  excellent,  and  should  be  free  from 
knots;  not  so  dry  as  to  swell  and  bulge  and  thus  dis- 
tort the  forms,  nor  so  green  as  to  shrink  with  the  same 
result.  Hard  surfaced  sorts  may  be  used  oftener  with- 
out dilapidation. 

The  timber  must  resist  the  weight  or  pressure  when 
a  considerable  height  of  wet  concrete  is  being  poured, 
as  in  walls  and  columns.  Many  authorities  calculate 
this  pressure  as  a  liquid  of  half  its  own  weight,  viz.: 
75  lb.  per  cubic  foot.  For  concrete  in  layers  no  cal- 
culation is  necessary,  as  practice  had  proved  that  for 
beams  the  bottom  boards  should  be  2  in.-2i2  in.  thick, 
•with  sides  I'a  in. -2  in.  thick.  Column  sides  should 
be  IV2  in.-2  in.  thick.  For  walls  iVo-in.  boards  are 
used.  A  more  solid  board  will  insure  greater  economy. 


as  the  form  can  be  repeatedly  used.  For  slab  panels 
1-in.  stuff  is  the  usual  thing,  but  1-in.  boarding  re- 
quires staying  every  2  ft.;  IVa-in.  boarding  requires 
staying  only  every  4-5  ft. 

Studs  of  adequate  size  should  be  spaced  so  as  to  pre- 
vent the  boards  between  them  from  springing.  They 
may  be  2-in.  x  4-in.  to  2-in.  x  6-in.,  if  not  used  beyond 
2-ft.  X  3-ft.  centers;  3x8  in.  may  be  spaced  about  4-ft. 
6-in.  centers;  4  in.  x  10  in.  at  from  6-8-ft.  centers;  6-in. 
X  12  in.  from  8-ft.— 10-ft.  centers;  but  the  spacing  of 
supports  must  be  governed  by  the  nature  of  the  weight 
coming  upon  the  boards. 

Of  camber,  Mr.  Graham  says:  "It  is  necessary  to 
give  beams  a  camber  of  at  least  Vs  in.  in  5  ft  ■  i    e 
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of  the  span.     This  generally  comes  out  during 
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the  ramming  and  tamping  of  the  concrete  and  in  the 
squeezing  of  the  wedges.  After  the  filling,  the  beams 
should  be  examined  to  see  if  the  camber  has  come  out, 
so  that  it  may  be  again  secured  by  tightening  up  the 
wedges  before  the  concrete  has  set.  In  cases  where 
a  great  deflection  was  found  in  the  beams,  the  failure 
of  the  supports  to  the  studs  has  been  the  root  cause, 
due  probably  to  soft  ground.  So  judgment  should  be 
used  to  see  that  the  sole  plates  under  the  supports  are 
large  enough  to  distribute  the  load  safely  over  a  suffi- 
cient area." 

All  timber  supporting  floors  should  be  calculated  for 
deflection  rather  than  strength.  Sanford  E.  Thomp- 
son's calculation  for  strength  is  quoted: 

(1)  Weight  of  concrete  with  reinforcement,  154  lb. 
per  cu.  ft. 

(2)  Live  load:  slabs,  75  lb.  per  sq.  ft.;  beams,  50  lb. 
per  sq.  ft. 

(3)  In  calculating  beams,  planks,  joists,  use  as  the 
coefficient  in  the  deflection  formula  a  mean  between 
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the  value  for  a  beam  fixed, 

843 


and  a  beam  supported, 
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This  average  amounts  to 
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Then  the  deflec- 
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tion  = ,  where 

384    E  I 
W  =  total  weight  or  load  (in  lbs.), 
1  =  length  of  span  (in  inches), 
E  =  elastic  modulus  =  1,300,000, 
I  =  moment  of  inertia. 

The  moment  of  inertia  is,  of  course,  I  =  - 


b  d' 
12 


where 


d  =  depth  and  b  =  breadth  (in  inches). 

He  limits  the  deflection  to  Vs  in. 

For  struts  the  allowable  compression  stress  must 
be  reduced  in  proportion  to  their  slenderness.  If  we 
assume  them  to  be  in  a  condition  intermediate  between 
pin-connected  and  fixed  because  of  their  flat  ends,  the 
values  for  spruce  or  fir  may  be  taken  as  in  the  fol- 
lowing table,  wherein 

1  =  unsupported  length  of  strut  in  inches, 

g  =  gyration  radius  of  strut  in  inches, 

d  d 

g  being  equal  to  for  square  struts,  and  to  — 

\  12  4 

for  round  struts,  where  d  is  the  diameter  (in  inches). 


(40) 


Ratio    of    — 

°      60     75     90  105  120  135  l=;n 
\  alue  of  allowable  compressive  stress,  .960  900  S25  675  450  410  340 


Road  and  Street 


Monthly  Issue 

ENGINEERING  ^^-  CONTRACTING 

l!A.L£ifcKT   i'.   UiLLtllb,  fr€iid<nl  a'U  Lditor.  I.twiS  S.   Lwi  tk,    Vuc  irendenl  and  ijcncral  i/iinuicf 

The  four  rotated  special  monthly  issues  and  4  quarterly  isiucs  of  E.  &C.  (52  in  all)  entirely  cover  the  civil 
engineering  and  contracting  field  if  subscribed  for  as  a  weekly  at  $3.00  a  year:  but  any  one  of  the  four 
special  monthly  issues  may  be  subscribed  for  as  a  monthly  at  $  1 .00  a  year  ( or  any  two  monthly  issues 
at  $1.50  a  year)  and  the  4  sp>ecial  quarterly  issues  will  be  sent  without  extra  charge.  Three  of  these 
special  quarterly  issues  relate  entirely  to  foreign  engineering  and  construction  practice,  and  the  fourth  is 
our  annual  "New  Equipment  Issue."     The  first  two  issues  of  each  month  ( 1st  and  2nd  Wednesdays) 

completely  cover  the  municipal  engineering  field.  Sec  advce tmng  p«gc  for  further  infornution  »nd  mbicnpuon  coupon. 

Roads  and   Street* — lat   Wednesday 

ml    ItiaJs  /<-!    sir.oi    iMranlni 

lb)    mrccta  (d)    Municipal   Sllacellanloa 

Waterwork*  and  Hydraulics — 2nd  Wednesday 

(a)    Wtttcrworka 
(bl    Srweri    and   Si 
tatlon 


Railways  and  Govt.  Works — 3rd  Wednesday 

(a)  Excavation    SDd  (ci    Harbors    and    Docks 

Drrdclnc 

(b)  Rivera  anil  Canals      (d)  Rallwar  CoastrucUoo 

Buildings    and    Structures— 4tl>   Wednesday 

la)    Tlulldlnxa  'ci    Hhip    C"n>irucllnn 

lb)    Brldlrs  >di    Mlmrrllan-oua     Slriictur 


\  uluiiu 


Change  the  Title  of  County  Sur- 
veyor to  Managing  Engineer 
or  County  Manager 

This  journal  was  the  first,  we  believe,  to  suggest 
that  the  "city  manager  plan"  be  applied  to  counties, 
making  the  county  engineer  the  county  manager.  J. 
B.  Thompson,  civil  and  managing  engineer  of  the 
.Stanford  Vina  Ranch,  Stanford  University,  has  shown 
real  initiative  by  urging  the  Governor  of  California  to 
recommend  a  revision  of  the  laws  so  as  to  give  greater 
managerial  power  to  county  surveyors.  We  quote 
from  "The  Monad,"  the  journal  of  the  American  As- 
sociation of  Engineers: 

.Mr.  Thompson  Is  advocating  to  the  Governor  and  others  a 
revision  of  the  California  laws  relatlnsr  to  the  operation  of 
county  business  and  construction  work  with  particular  reference 
to  hiKhway  work.  He  suggests  delegating  to  the  present  ex- 
ecutive charge  of  all  county  managerial  affairs  In  construction, 
maintenance,  purchasing  .-iupplies  and  operation  of  all  road.4. 
hrldgts.  buildings  and  eiiuipment  subject  to  the  regular  gessloii« 
of  the  Executive  (County)  Board,  retaining  the  Managing  En- 
gineer us  an  elective  oftlce. 

The  proposed  plan  Is  in  line  with  the  City  Manager  Hlaii. 
which  IS  rapidly  demonstrating  Its  usefulness  by  popular  ap- 
proval. The  plan  is  similar  to  the  nesv  Illinois  law  whereby 
County  Highway  Superintendents  (entrlneersl  are  appointed 
under  civil  service  to  iierform  the  executive  and  construction 
work  heretofore  handled,  or  rather  mishandled  by  county  su- 
per\l!'ors.  .Mr.  Thompson's  plan  for  California  counties  can  have 
no  stronger  pmof  of  Its  necessity  and  usefulness  than  the  re- 
sults which  have  been  obtained  by  a  similar  plan  in  Illinois. 
The  service  of  Highway  Knglneers  In  to-operatlon  with  the 
.State  Highway  Department  ha.s  reiulted  In  marked  Iniprovr- 
mi-nt  In  th-  application  of  public  funds  to  road  construction.  In 
efficiency  and  in  lon  per  cent  on  the  dollar  economy  In  Illinois. 
The  public  have  seen  this  and  have  become  more  ready  and 
liberal  In  voting  to  undertake  highway  Improvements.  Illinois 
Is  ijclng  pulled  out  of  the  mud. 

Mr.  Thompson  would  have  improved  his  plan  had 
he  gone  farther  in  adapting  the  "city  manager  plan" 
to  county  needs.  The  county  manager  should  not  be 
elected,  but  should  be  appointed  by  the  Board  of 
County  Commissioner**.  The  Commissioners  .should 
have  their  present  functions  reduced  to  tho.se  corre- 
sponding to  the  duties  of  a  board  of  directors,  leav- 
ing to  the  county  manager  all  the  executive  functions. 


There  are  2,800  counties  in  America,  1,700  of  which 
have  county  surveyors  or  engineers.  Many  of  these 
are  mere  politicians  and  not  surveyors  at  all.  One 
of  the  first  steps  that  engineering  societies  should 
take  should  be  the  driving  of  incompetents  out  of 
positions  as  county  surveyors.  Coincidentally  there 
should  be  secured  substantial  increases  in  the  sal- 
ftries  of  county  surveyors,  so  as  to  attract  and  hold 
men  of  ability.  The  final  step  should  consist  in  mak- 
ing the  county  engineer  the  manager  of  the  county. 


Why  City  Engineers  Should  Have 

Charge   of   Street   Cleaning 

and    Repairs 

In  most  large  cities  street  cleaning  and  pavement 
repairs  are  not  under  the  direction  of  the  city  engi- 
neers. This  is  an  economic  mistake.  Mayor  Davis 
of  Cleveland  not  long  ago  gave  his  approval  to  a  plan 
outlined  by  City  Engineer  Hoffman  for  the  systematic 
repairing  of  streets  radiating  from  the  heart  of  the 
city.  The  city  engineer  is  to  be  placed  in  charge  of 
all  street  repairs.  Let  Cleveland  go  one  step  farther 
and  place  all  street  cleaning  also  under  the  control  of 
its  city  engineer,  and  it  will  secure  a  unity  and  econ- 
omy of  street  maintenance  not  otherwise  possible.  The 
cost  of  street  cleaning  is  largely  dependent  upon  the 
character  and  condition  of  the  pavements.  Since  the 
object  is  to  secure  the  minimum  annual  cost  of  invest- 
ment and  maintenance  combined,  and  since  mainte- 
nance (in  its  economic  sense)  includes  street  cleaning 
as  well  as  repairs,  it  is  evident  that  this  problem  in 
unit  costs  can  be  correctly  solved  only  when  all  the 
factors  are  under  the  control  of  one  man. 

If  city  engineers  in  every  city,  aided  by  other  civil 
engineers,  will  seriously  and  sedulously  attempt  to 
convince  the  mayors  and  city  councils  of  the  wisdom 
of  centralized  control  of  all  street  work,  it  will  not  be 
many  years  before  such  control  will  be  given  to  city 
engineers.  The  result  will  be  marked  economies  both 
in  repairs  and  in  denning  of  city  streets. 
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Some  of  the  Things  the  Engineer- 
ing Council  May  Accomplish 

We  have  at  last,  in  the  Engineering  Council,  an  or- 
ganization for  presenting  to  legislators  and  others 
the  b^st  judgment  of  engineers  on  matters  of  public 
concern.  Starting  in  a  modest  way,  the  Engineering 
Council  is  evidently  destined  to  find  its  activities  in- 
creasing steadily  in  number  and  in  scope.  Few  that 
have  not  given  much  thought  to  the  relation  of  the 
engineer  to  the  public  would  be  apt  to  realize  the 
magnitude  of  the  public  field  that  should  be  tilled  by 
engineering   effort. 

Engineering  is  the  application  of  science  in  the 
solution  of  economic  problems.  If,  however,  engi- 
neers are  to  perform  their  functions  completely  as 
economists,  they  must  not  merely  "send  a  message 
to  Garcia."  but  must  go  in  person  to  "Garcia" — the 
public.  Most  men  are  so  constituted  that  it  is  al- 
most futile  to  address  them  merely  with  written  or 
printed  words.  They  must  be  talked  to  with  the  liv- 
ing tongue,  if  the  best  results  are  to  be  achieved. 
Particularly  is  this  true  where  radical  departures 
from  precedent  and  custom  are   involved. 

As  its  first  and  greatest  function  the  Engineering 
Council  must  convince  the  public  that  engineers  are 
trained,  practical  economists.  This  involves  making 
it  clear  that  applied  science  of  every  sort  is  engi- 
neering. Once  the  public  comes  to  an  appreciation 
of  the  full  scope  and  character  of  the  work  of  engi- 
neers,  half  the  difliculties  now  encountered  in  trying 
to  direct  public  action  will  have  been  overcome. 

The  following  are  a  few  of  the  things  to  which  the 
Engineering  Council  should  eventually  direct  its  at- 
tention : 

1.  Advertise  engineering  colleges,  and  secure 
larger  state  appropriations  for  state  universities. 

2.  Give  publicity  to  the  achievements  of  engineers. 

3.  Secure  passage  of  laws  making  it  compulsory 
to  employ  trained  engineers  for  public  positions  in 
which  engineering  knowledge  is  essential  to  the 
highest   efficiency. 

4.  Secure  appropriations  for  scientific  researches 
of  all  kinds. 

5.  Secure  revision  of  laws  that  debar  engineers 
from  architectural  practice. 

6.  Secure  laws  that  debar  untrained  men  from  as- 
suming the  title  "engineer." 

7.  Secure  laws  that  will  effect  more  equitable  dis- 
tribution of  assessments  of  cost  of  public  works,  such 
as  pavements,   sewers,  etc. 

8.  Spread  the  gospel  of  the  science  of  management, 
and  oppose  legislation  that  restricts  or  prohibits  "pay- 
ment in  proportion  to  performance." 

9.  Support  the  "short  ballot"  and  the  "city  man- 
ager" form  of  city  government. 

10.  Support  the  private  corporation  system  of  or- 
ganization and  management  as  applied  to  cities,  coun- 
ties, states  and  Federal  Government;  including  the 
"budget  system,"  unit-cost  keeping,  the  "requisition 
system,"  monthly  balance  sheets,  detailed  expense 
statements,  and  all  modern  accounting  methods. 

11.  Secure  revolution  of  methods  of  appraising 
property  for  taxation,  substituting  scientific  engineer- 
ing appraisals  for  the  present  haphazard  guesswork. 

12  Support  the  Torrens'  system  of  real  estate  re- 
cording and  transfer. 

13.  Educate  the  public  to  the  economic  advantages 
of  metering  city  water. 


14.  Ditto  as  to  treating  water  for  elimination  of 
disease  germs. 

15.  Ditto  as  to  street  flushing. 

16.  Ditto  as  to  mosquito  elimination. 

17.  Ditto  as  to  all  other  sanitary  engineering. 

18.  Oppose  labor  union  restrictions  as  to  daily  out- 
put and  as  to  limitation  of  apprentices. 

19.  Secure  larger  appropriations  for  geological, 
topographical,  hydraulic  and  coastal  surveys. 

20.  Secure  adequate  salaries  for  engineers  in  pub- 
lic   employ. 

21.  Secure  much  higher  salaries  for  engineering 
teachers. 

22.  Secure  greater  co-operation  among  technical 
societies. 

The  list  above  given  is  indicative  rather  than  ex- 
haustive. It  serves  to  indicate  both  the  extent  of 
the  field  and  its  diversified  character. 


Engineering    Students  Exempted 
from  Draft 

A  year  ago  Engineering  and  Contracting  began  edi- 
torial protest  against  the  drafting  of  engineering 
students.  Eventually  other  engineering  journals 
joined  the  protest  and  finally  a  partial  exemption  was 
secured;  the  students  whose  proficiency  ranked  them 
among  the  "upper  third"  of  their  classes  were  ex- 
empted. We  pointed  out  that  this  third  of  a  loaf  was 
not  only  little  better  than  no  loaf  at  all,  but  that  it 
was  not  a  reasonable  ruling,  particularly  in  view  of 
the  dwindling  attendance  at  engineering  colleges.  We 
are  now  glad  to  be  able  to  record  a  ruling  by  Provost 
Marshal  Gen.  Crowder  that  exempts  from  active  serv- 
ice all  engineering  students. 

Following  is  the  ruling,  known  as  section  151,  S. 
D.  R.: 

Under  such  regulations  as  the  Secretary  of  Warmay  prescribe, 
a  registrant  who  is  resularly  enrolled  in  a  school  approved 
by  the  War  Department  committee  on  education  and  special 
training,  and  is  pursuinR  a  full  time  course  leading  to  a  degree 
of  bachelor  or  higher  in  medicine,  engineering,  physics,  chem- 
istry and  other  technical  subjects  essential  to  the  prosecution  of 
the  war.  or  who  is  an  indispensable  teacher  ^'n  such  courses,  or 
who  is  enf.aged  in  the  training  of  army  personnel,  may  enlist 
in  the  enlisted  reserve  corps.  Hereafter,  on  presentation  by  the 
registrant  to  his  local  board  of  his  certificate  of  enlistment 
such  certificate  shall  be  filed  with  the  questionnaire  and  the 
registrant  -shall  be  placed  in  Class  5  on  the  ground  that  he 
is  in  the  military  service  of  the  United  States. 


"A  Street  Ought  to  Be  Built  Like 
a  Hospital  Floor" 

For  years  this  journal  has  contended  that  city  pave- 
ments should  be  so  hard  and  smooth  that  they  can 
be  washed  like  a  floor,  and  kept  free  of  germs.  We 
are  glad  to  note  that  others  are  coming  to  the  same 
conclusion.  The  health  commissioner  of  Cleveland, 
Ohio,  R.  H.  Bishop,  Jr.,  M.  D.,  recently  said: 

Tlie  conditions  of  this  warfare  are  not  satisfied  when  a  broom 
is  passed  across  the  irregular  surface  of  some  worn-out  pave- 
ment, leaving  the  interstices  filled  with  moist  and  decayed  filth. 
.\  street  ought  to  be  built  like  a  hospital  floor,  with  a  uniform, 
non-adhesive  surface,  so  drained  that  the  application  of  water 
from  a  flusher  wil'  wash  everj-  particle  of  fllth  from  its  mooring's 
and  carry  it   clear  to  the  sewer  without   interruption. 

Tlie  workingmen  who  make  up  the  population  of  congested 
localities  deserve  the  best  that  the  municipality  can  do  for 
them.  The  first  thing  I  would  suggest  would  be  the 
wholesale  tearing  up  and  resurfacing-  of  every  battered  street 
in  the  populous  districts.  The  objection  that  better  public  im- 
provements would  be  reflected  in  higher  rents,  thereby  com- 
pelling the  poor  man  to  move  to  more  poorly  paved  streets,  is 
not    valid   because   our   paving   program    includes   all   streets.     Dr. 
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cjorea*-   work   In   »«„arutt   iM-.ai,,.  r(T«cii».  only  .firr  srou.r,!  concrete  road  took  a  pull  of  3.2  times  US  great  as  to 

brick   iiavriiiriilK   had    l.mi    laiil    uimjd    iiractU  ally    ever)    mreel    of        .„ ;.    ■  .-  «  -      » 

th»    rity.     .hu.    e,.tal.|Uhl„K     «     l*«l.     for     ,h.Wu-     .leunll,,..-       It  "^fP    ''    '"    '""t'on. 

Kri-inii  lo  nie  that   iDMiiy   Aiiieriiiiii  •Idea  tan  lean)  r«r  (hem-  Teitts   uii    the   trailer:!   alufie   loaded   with   2,0<K)   lb. 

..•iven  wimt  iiir  fiiurd  siaien  ha*  airraiiy  tauiihi  (he  (ruiiim  each,   making   a   ^msn    load   of   2, -100    lb.    per   trailer, 

Mr.  Bi.>)hop  has  put  the  matter  none  too  strongly,  jravc  the  following  tractive  reiii«tance»  in  pound.n  per 

Street.s  .should  be  made  to  be  tlu.shed.  and  they  should  Ion  of  2,000  lb.  while  in  motion: 

be  rtu.shed  clean  every  day  or  every  few  days  depend-  (•„n..rei..   m.«.i                                                               \            " 

ing   on   condition.s.      Infantile   paralysi.t,   "colds"   and  V— •'    '  •<•'       ■■■■... ^^^.ll'.ll.' i'.ll'.y.'.'.'.'.i. ]'.['.['.'.]  la             70 

lung  di.xea.se.s  are  all   undoubtediv  .spread  a8   part  of  ",    "  ,'  .       .    Vil  "  V   m -li'  "'.'," '\  — ',"  *°  .  1? 

the  dust  that  i.s  blown  about.     Knowing  this,  it  be-  .f;  ■•'•'» t^"'  »<>  the  trailer  with  roller  bearinR..  and  B 

comes    the    dutv    of   civil    engineers    to    persuade   the  «'  h^""'"'""  bearings.     It  required  about  twice  the 

public   to   authorize   the   Hushing  of  all   streets,   and.  ''"''  '"  "^"'^  "  *■;"''"  **  ^°  ''•'^P  "  "\"-'"''-,         , 

to  this  end.  the  laving  of  pavements  "built  like  a  hos-  ^  "  "V"'^  "^  '^"-'^  tests  about  2.o  miles  of  con- 

pital  floor"  ^'          roadways  were  built  at  the  Topeka  shop  vards 

which   cover   120   acres,   resulting   in   a   great   saving 

in  hauling  costs  between  the  shop  buildings  and  stor- 

What    Matters    if    Indiana    Goes  ">?<•  platforms,  sheds,  etc 

Roadless?     The  Court  Must  -p.      ,,r     .~     T,               i    ,,           i 

u         ^u         i\4      *u  '  1  lie  Waste  in  Municipal   Printed 

Have  Three  Months  .,  ^^        * 

o     I-  Matter 

*'^'-  One   of   our  contemporaries   calls   attention    t<    the 

The  Supreme  Court  of  Indiana,  through  its  failure  '.vaste  in  municipal  printed  matter.    Thus  in  one  issue 

to  decide  on  the  constitutionality  of  the  state  high-  of  the   Philadelphia   "Public    Ledger"   there   were   10 

way  law,  has  set  back  all  state  road  work  in  Indiana  I'olumn-feet  of  detailed  e.xpenditures  made  by  the  va- 

just  a  year.     The  court  has  gone  on  a  three  months'  rious  city  departments,  all  of  it  stuff  that  scarcely  any- 

vacation.     When  it  returns  in  the  fall,  it  will  be  too  one  would  read.  or.   reading,  make  the  slightest   use 

late  to  start  any   road  work.     If  there  is  any  public  of.     Yet  the  government  is  calling  upon  newspapers 

spirit  in  Indiana,  the  Supreme  Court  should  be  made  to  reduce  their  size,  cut  out  sample  copies,  and  the 

to  feel  its  effect:   for  this  is  not  a  case  of  rebellion  like!     Of  course,  there  are  laws  compelling  cities  to 

at  the  decision  of  the  court  but  at  its  failure  to  ren-  publish  such  matter  as  that  in  the  "Ledger."    But  isn't 

der  a  decision.  this  a  "mighty  good"  time  to  repeal  a  few  thousand 

A    lower  court    had   declared   the    new   state   high-  such   laws?     When   individuals  and  corporations  are 

way  law  unconstitutional,  and  the  highway  commis-  eliminating    every    expense    possible,    municipalities 

sion  had  been  enjoined  from  road  building.    A  prompt  -should  do  likewise. 

oppeal    was    made   to   the   State   Supreme    Court   and 

the  public  was  entitled  to  a  prompt  decision.     It  got  a  Thp    fJnfilir    Piihli<" 

prompt   decision   from   the  court— a  decision  to  take  X  IIC    «JUidir    ruuilC 

a   three   months'   vacation.     Every   newspaper   in    In-  There  is  an  old  saying  to  the  effect  that  the  "voice 

diana  should  voice  its  opinion  on  this  decision.  '^f  the  people  is  the  voice  of  God,"  but  it  is  not  given 

much    credence    by    public    works    contractors.      Just 

r    r       1              •     1  "''^^    '^'■''   "^■"■'^^   '^^  God"   is   telling   contractors   that 

I  raCtlVe    Resistance    of    Industrial  ;.fter   they    have    signed    public    works   contracts   the 

1  rUCKJ*  Willi  CJIlldll  VV  ueeiS  thing.-  es.sential  to  the  execution  of  the  contract,  name- 
There  have  been  many  tests  of  tractive  resistance  ly,  rail  transportation  The  railroad  administration  has 
of  vehicles  having  large  wheels,  but  tests  on  small-  been  asked  to  give  to  highway  contractors  relief  from 
wheeled  vehicles  have  been  few.  Industrial  trucks  the  increase  in  freight  rates  ordered  subsequent  to 
for  use  in  shop  yards,  Ireight  stations,  etc..  have  small  the  signing  of  the  contracts.  Was  relief  granted? 
wheels,  usually  about  16  in.  diameter.  What  is  their  Not  a  bit.  The  "voice  of  God"  reminded  the  contrac- 
tractive  resistance  on  different  roadways?  tors  that  it  was  "not  theirs  to  reason  why — theirs 
The  Santa  Fe  Rv.  recentlv  conducted  tractive  te.sts  but  to  do  and  die."  The  Government  needs  money, 
on  electric  industrial  trucks  and  trailers,  and  the  ^\'b"t  matters  if  a  few  hundred  contractors  are  ruined 
resistances  while  in  motion   (3  miles  per  hour)   were  ="  the  process  of  getting  it? 

approximatelv  as  follows,  in  pounds  per  ton  of  2.000  The  editor  speaks  with  feeling,  for  he  experienced 

lb.,  including  the  weight  of  the  truck  and  trailer.  preci.sely   this   .same   .sort   of   public    unfairness   .some 

i.tw.  twenty  years  ago  when  the  state  of  New  York  passed 

oii'i'Ir\im"er  roa.i     :         ^ :    '                                      /.'.'.'.'.  ^\&  **"  eight-hour  law.    Every  public  works  contractor  in 

Coiiir.-d-  roaii  :«  ."he  state  was  forced  suddenly  to  work  his  men  two 

The  foregoing  tests  were  made  with  a  loaded  elec-  hours  less  each  day  than   had  been  the  custom;   for, 

trie    truck    pulling   one    loaded    trailer   on    the   cinder  although    the    law    was    not    retroactive    in    theory,    it 

road   and   four   loaded  trailers   on   the  concrete   road.  was  so  in  practice.    All  workmen  struck  for  an  eight- 

Thr    truck    weighed    2,200    lb.    and    was    loaded    with  hour  day,  as  soon  as  the  law  was  pa.ssed,  and  they 

2,000  lb.   (although  its  capacity  was  4,000  lb.)   and  it  got  it — at  the  expcn.se  of  every  public  works  contrac- 

had   rubber-tired   wheels    1.5. .5   in.  diameter  with   a  'i-  for    in    the   state.      The    contractors    protested.      The 

in.  tread.     A  trailer  weighed  400  lb.  and  was  loaded  "voice  of  God"  replied:     "Didn't  you  know  that  you 

with  2,000  lb.     its  rear  wheels  were   IG  in.  diameter  were  taking  chances  of  having  to  pay  higher  wages 

and  its  two  fr<ml  castor-wheels  were  8  in.  diameter,  when    y<iii     signed     your    contracts?"     We   did.      But 

all  with  steel  rims.     To  start  load  on  the  cinder  road  what   we  did  not  know  was  that   in  dealing  with  the 

took  a  pull  of  about  2.4  times  as  great  as  to  keep  it  public  we  would  be  dealing  with  a   perfectly  unfair 

in   motion.     To  start   the   much   greater  load  on   the  "owner." 
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Method  of  Building  Earth  Roads 
in  Kane  County,  lUinois 

By  GEORGE  N.  LAMB, 
County  Superintendent  of  Highways. 

Earth  road  building  is  worthy  of  the  most  careful 
study  by  the  road  engineer.  This  study  should  em- 
brace the  equipment  with  which  to  do  the  work  as 
well  as  the  methods  and  materials  concerned  in  the 
operations.  Several  years'  experience  in  this  class 
of  work  in  Kane  County  has  afforded  an  opportunity 
for  such  study  with  results  which  may  be  of  some 
interest  to  others. 

The  Road  Building  Equipment. — The  county  owns 
three  complete  road  building  outfits.  Two  of  these 
fire  earth  road  units,  each  consisting  of  a  40-HP. 
Avery  gasoline  tractor,  a  heavy  No.  10  road  grader. 


exists,  it  is  usually  too  high  and  too  narrow  and  very 
crooked.  It  must  be  widened  and  straightened  by 
rilling  in  here  on  one  side,  here  on  the  other  side, 
here  on  both  sides,  here  by  cutting  down  the  old  road- 
bed and  here  by  bringing  in  extra  dirt  from  the  sides. 
Such  work  is  sometimes  cross-sectioned  and  a  profile 
made.  In  these  cases,  the  lath  along  the  side  ditches 
are  set  true  to  grade  as  well  as  to  line  and  the  grader- 


Fig.    1  —  Diagram    Furnished    Englneman   to   Show   Method   of   Lay- 
ing   Out    Short    Curves. 

T^irections  tor  Laying  Out  Curves  on  Small  Angles:  1. 
Find  the  point  O  where  the  center  lines  from  each  direc- 
tion intersect.  2.  From  point  O.  measure  off  equal  distances, 
OA  and  OB.  3.  Locate  M  by  sighting  on  a  straight  line  between 
A  and  B.  4.  The  point  N  on  the  curve  will  fall  midway  be- 
tween O  and  M.  5.  The  distances  ax  and  by  (the  central  points 
on  OA  and  OB)  equals  Vs  the  distance  OM.  6.  Increasing  or 
decreasing  the  distances  OA  and  OB  will  increase  or  decrease 
the  distance  ON. 

a  scarifier,  a  three-way  road  drag,  a  ^i-in  by  18-ft. 
chain  and  a  ^s-in.  by  50-ft.  steel  cable;  also  a  gaso- 
line and  oil  supply  wagon,  a  tool  box  and  a  low  four- 
wheeled  truck  for  carrying  the  drags  and  small  tools. 
The  grader,  scarifier  and  drag  were  furnished  by  the 
Austin-Western  Co.  The  corresponding  machines  in 
the  two  outfits  are  of  the  same  make  and  size.  Each 
outfit  is  operated  by  a  force  consisting  of  an  engine- 
man  and  a  grader  man. 

Surveys  and  Plans. — In  the  majority  of  cases,  no 
surveying  is  done  except  to  line  up  a  row  of  lath 
f-.bout  2  ft.  outside  each  ditch  line.  On  straight  work, 
these  are  placed  150  to  200  ft",  apart  and  at  equal  dis- 
tances from  the  center  line  of  the  finished  road.  On 
difficult  sights,  these  lath  are  sighted  in  with  a  tran- 


\Qngrna!  Surface 


-Curvature    Board    and    Method   of   Using    It. 
Bubble   Is  Observed  Just  to  the  Left  of  the 
of  the  Board. 


The   "Level" 
;enter 


man     obtains     his     levels     by     sighting     across    the ' 
crown  from  one  lath  to  the  opposite  one. 

So  far  as  possible,  earth  roads  are  graded  to  a 
standard  section  24  ft.  between  shoulder  lines.  The 
ditch  lines  are  of  varying  widths  and  the  ditches  of 
corresponding  depths  as  indicated  in  the  drawing, 
Fig.  2. 

Each  outfit  has  a  curvature  board  (see  Fig.  3) 
which  is  12  ft.  in  length  and  has  two  perpendicular 
arms.  These  arms  are  placed  at  the  oi^ter  end  and 
at  the  center  of  the  board  and  are  of  such  length  that, 
with  the  board  level,  they  will  conform  to  the  stand- 
ard cross  section  of  the  road  surface.  In  using  the 
board,  the  free  end  is  placed  at  the  center  line  of 
the  finished  road;  the  arms  will  rest  on  the  surface 
and  will  enable  the  men  to  determine  whether  they 
have  reached  the  ideal  cross-section.  As  the  curva- 
ture of  our  standard  earth  section  differs  from  that 


Fig.   2— Kane   County   St 


sit;  but  usually  the  engine  man  does  this  work  him- 
self without  an  instrument.  These  lath  can  be  read- 
ily seen  from  the  engine  and  enable  the  driver  to  cut 
his  ditches  true  to  line.  The  engine  man  is  furnished 
a  blue-print  showing  a  simple  method  of  laying  out 
short  curves  (see  Fig.  1).  These  he  also  lines  up 
"by  eye." 

The  grade  line  also  is  usually  determined  by  the 
engine  man.    In  places,  however,  where  an  old  "pike" 


Fig.  "f — Three   Way    Drag   and    Finishing    Process. 

of  the  standard  gravel  road  section,  the  boards  have 
two  sets  of  arms  hinged  for  convenience. 

The  Operations. — Before  starting  a  piece  of  work, 
it  is  often  necessary  to  remove  trees  or  brush  along 
the  roadside.  If  the  trees  are  small,  the  large  chain 
is  hitched  around  the  trunk  and  the  engine  pulls 
them  out  by  the  roots.     If  they  are  large,  the  cable  is 
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attached  as  high  as  it  will  reach  and  the  engine  pulls  The  above  costs  do  not  include  depreciation  or  re- 

them  over,  roots  and  all.     It  is  often  necessary  to  do  pair  bills. 

some  cutting   at   the   roots   and   sometimes   a   charge  Following  is  the  average  dailv  costs  for  the  pre.s- 

of  dynamite   is   used   under  the   roots   as  the  engine  ent  season- 

''","■'•  y,..u   „                                                                             '■■■'>«r 

In  starting  a  new  piece  of  work  the  first  operation  ■iru.i.Mi.l,,'                                                                       '  j Ji 

is  to  dispose  of  the  sod.     Starting  at  the  outer  ditch  1  mi'^'Ij*^---/  '"';  jI*"'*  "'                                                     *•«• 

lines  the  grader  blade  is  set   to  make  a  shallow  cut  _  '"        •***■*  *■'•■                                                          " 

.  and  shave  the  sod  toward  the  center  of  the  road.     As  »'• « 

the    subsequent    cuttings    are    brought    in    from    the 

ditch  lines  the  sod  is  buried  by  fresh  dirt  and  is  well  Thi>  R«»af  R/iaH  Invoct-m^^*- 

beaten  down  by  the  weight  „i   the  engine.     No  sods  .     ^  ^''  **^*^  ^^^°  Investment 

whatever  should  show  in  the  completed  roadway.  '"  *^'''  Presidential  address  at  the  last  annual  meet- 

The  surface  is  finished  with  a  circular  crown.     On  '""^  "^  ^^^  Western  Society  of  Engineers,  Mr.  Charles 

sidehill  work  all  the  cutting   is  made  on  the   up-hill  ^-  Ru^ditk  called  attention  to  the  tendency  to  over- 

?ide  and  the  dirt  carried  to  the  opposite  shoulder.     It  ''•^timate  the  importance  of  new  highway  construction 

is    often    necessary    to    employ    teams    with    wheeled  ^'"*'   ^"   "I'n'mize  the  question   of   road  maintenance, 

scrapers  to  transport  the  dirt  loo.sened  by  the  grader  ^^  «tated   that   it   is  often   incorrectly  assumed  that 

to  places  where  sufficient  dirt  cannot  be  secured  along  !^^    abominable    macadam    roads    now    e.xi.sting   over 

the  sides.    By  crowding  the  end  of  the  blade  into  the  '^""Ke  areas  in  the  middle  west  are  perfectly  u.seless. 

bank   and   undermining   the   dirt    to    be   removed   by  ""'^  ^'^"*  *>'"'^''  ''''»'*  service  must  await  the  millennium 

teams,  we  have  e.xcavated  in  side  cuts  as  deep  as  10  "^  a  universal  hard  road  system,  whereas  a  compre- 

ft.  or  more.  hensive,    intelligent    maintenance    and    construction 

The  grader  will  give  the  road  the  true  shape  but  pfOKnim,  like  that  recently  adopted  in  Wisconsin, 
not  a  really  "finished"  surface.  To  secure  this  sur-  ^^'o"'d  produce  at  least  a  fairly  good  road  system  al- 
face  we  use  the  three-way  drags  (see  Fig  4).  The.se  ^'^^^  '^^  once.  E.xpenditures  for  new  hard  road  sur- 
fill  up  all  depres.-^ions  and  compact  the  dirt.  The  en-  '«c^s  could  be  made  from  year  to  year  on  those  roads 
gine,  with  the  spuds  or  cleats  removed  from  the  '^'^'^^^^  the  investment  would  produce  the  largest  re- 
wheels,  pulls  the  drags  and  gives  the  roa'd  surface  an  •"'""  '"  maintenance  saved.  The  application  of  en- 
additicnal  rolling,  leaving  it  smooth,  firm  and  as  P'neering  principles  to  this  problem,  continued  Mr. 
nearly  waterproof  as  possible.  A  few  e.xtra  rounds  Burdick,  will  disclose  the  fact  that  nearly  every  type 
with  this  equipment  give  the  road  a  permanency  '"  ^^^^  *^**^  '**  proper  place;  that  the  best  road  in- 
which  cannot  be  secured  with  the  grader  alone.  The  vestment  is  a  proper  balance  between  fixed  chnrges 
writer  has  personally  motored  over  some  of  these  "P''"  ^^^  investment  and  the  cost  of  maintaining  the 
county-built  earth  roads  after  heavy  rains,  and  where  ^°^^  '"  ^ood  repair.  The  amount  of  traffic  vitally 
they  have  been  well  maintained  with  a  road  drag,  «--ff«^cts  this  problem  and,  correctly  solved,  the  so- 
there  was  not  mud  enough  even  to  suggest  going  into  called  hard  roads  would  be  indicated  upon  the  main 
second  speed.  lines  of  communication  and  there  would  be  an  impor- 

Advantages    of    County-Owned    Machiner>'.— Under  ^^^^  P'"*^*  f°'"  "'f*  ""o^d  types,  slightly  modified  from 

the    Illinois    law,    there    are    many    advantages     in  *^^  ^''>'^  "^  horse-drawn  vehicles. 

county-owned  machinery.     Chief  among  these  is  the 

fact  that  the  machines  are  operated  throughout  the  „                e       r\-            i-c 

entire    working   season    and   do   not   depreciate    from  <->auseS   for  Disqualltication  of   Bidders  OH 

non-use;  also  the  operators  employed  steadily  at  the  KtMltllck\'  Road  Work 

one  class  of  work  and  under  skilled  supervision,  not  -ru                     w;     .            r  »i.     t-     .     ■ 

only  become  expert   but  show  constant   improvement  The  neu  specifications  of  the  Kentucky  Department 

in  qualitv  and  efficiencv  of  workmanship.  "^  ^"'^  '^"  ^""''^  ^°'"  ^^«  construction  of  state  roads. 

The  ordinarv  township  is  too  small  a  unit  to  own  '^^'^"^'^  '*''*  '"'^"*^-  contain  the  following  clauses  re- 
and   operate   modern    heavy  grading   equipment   with  garding  disqualification  of  bidders: 
economy,  and  would  not  have  sufficient  work  to  keep  A  bidder  will  be  disqualified  and  his  bid  not  con- 
it  employed  continuously   during  the   season.  fidered  for  the  following  causes: 

Each  county  unit  will  serve  several  townships  dur-  (a)    Interest  by  the  same  bidder  in  more  than  one 

ing  the  season.     The  earth  roads  built  by  them  may  proposal. 

be  said  to  be  model  roads,  for  both  the  methods  and  ,,,,   Collusion  with  other  bidders. 

the    results    are    imitated    bv   the    township    officials  ,,,    i  ..i,  „/•  _„.„  „.;i.:i;»,.      v ,  i  .jj,.- ...;ii  i„ 

.  ,  ,-,.,.,■  .^.  I,  <t  '  Lack  of  responsibilitv.  No  bidder  will  be  con- 
where  roads  are  buit  bv  their  own  outfits  on  a  smaller       „,  ,   „„.    „„^ ^„.,,K1„   ...l,„   u    .    f„;i^A   »           ..»      _.. 

,         _,              ,     ,    .                      ...          ,.,.,,.  siaered  responsible  who  has  failed  to  carr\   out  anv 

scale.      The    marked    improvement    in    township-built        »_„  »  „„,„,„ j  :„t„  ...:.u  »u„  „»„,„    <•  i-     ,  "  i.         n.' 

J     ■                   f  contract  entered  into  with  the  state  of  Kentuckv  or  the 

roads  IS  apparent.  fiscal  court  of  any  county  of  .said  .state  within  the  pre- 
Cost8  of  Earth  Road  Grading.-So  much  depends  ^^^.  5  ^„,^^,  ^^^^  responsibilitv  for  his  fail- 
on  the  topography  the  natural  condition  of  the  .soil  ,,j.^  ^^  ^^  ^^  ^.^^  ^.j,j,  ^^^  ,^^j^  ^^  ^^^^^^. 
and  the  weather  that  the  cost  of  grading  an  earth  ,  ,  .  ,  >  '  .  ,  _  . 
road  to  standard  cross-section  mav  varv  from  $50  to  ,  ^'^'  If<^»'  of  experience  or  adequate  capital  Ev.- 
1200  per  mile.  The  cost  of  a  few  roads,  taken  at  ran-  '^^'J"  "^  experience,  ability  and  financial  standing  as 
dom.  was  as  follows:  ««","',  *  «'*»f"^^"'  regarding  plant  and  machiner>- 
COST  uF  EAUTH  R.)At>.'5  IN  BL.ACKni:uuY  Tuw.NSHii-  available  may  be  required  of  any  or  all  bidders. 

'^'  /'.'"■.  "^'    Substantial  evidence  of  dishonesty  or  lack  of 

width.   Improved.        Totui               Fer  good   faith   and   intent   to   do  work  according  to  the 

"'i'l'*-;^'' %          "'I,'7           ,^?J'74             ,',"4'i*,;  plans   and   specifications   therefor. 

20  '.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.  It            o!s               ll.li               sills  Unbalanced  proposals  (proposals  in  which  the  price 

21  '.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.  36            O.J               30.04              '2210  bid  for  some  items  are  out  of  all  proportion  to  those 

22   St            i.s             i3«  r.:               SK.S(!  ...  -        ..        ,       .,11         ■     »    1        • 

23            ,     36             0.4               69. 20              173  00  bid  for  otherst,  will  be  rejected  as  irreguar. 
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Recent  Practice   in   Construction 
of  Tar  Surfaces  and  Pavements 

An  interesting  outline  of  American  and  English 
practice  in  the  construction  of  tar  surfaces  and  tar 
macadam  and  concrete  was  given  by  Prof.  Arthur  H. 
Blanchard,  Consulting  Engineer.  New  York  City,  in 
an  address  delivered  May  8  at  the  Canadian  Good 
Roads  Congress.    An  abstract  of  the  address  follows: 

Clearing  a  Road  Before  Tar  Surfacing.— Before  con- 
structing a  tar  surface  on  a  broken  stone  or  gravel 
road,  every  precaution  should  be  taken  to  secure  the 
best'subdrainage  which  is  practicable  under  the  local 
conditions.  All  depressions,  pot-holes,  ruts  or  other 
irregularities  should  be  filled  with  thoroughly  com- 
pacted, tar-coated  stone  so  that  the  whole  surface  of 
the  roadway  is  even.  All  surplus  dust  must  be  re- 
moved so  that  the  larger  pieces  of  broken  stone  of  the 
roadway  surface  are  exposed,  but  without  breaking 
the  bond.  This  cleaning  process  is  accomplished  by 
the  use  of  horse  sweepers  and  fine  bass  brooms,  with 
coarse  fibre  brooms  and  fine  bass  brooms,  or  by  a  vac- 
uum process.  If  there  is  caked  mud  on  the  surface 
of  the  roadway,  wet  brushing  will  prove  advantageous. 

It  is  apparent  that  the  character  of  the  cleaned  sur- 
face will  be  afl:"ected  by  the  method  which  was  used  in 
the  original  construction  of  the  roadway.  If  there  be 
followed  the  practice  of  some  English  and  American 
engineers  in  using  large-size  stone  varying  from  1  to 
2io  in.  in  longest  dimensions  for  the  top  course  of  a 
broken  stone  road,  and  if  the  stone  be  hard  and  tough, 
the  desired  surface  can  be  easily  secured.  The  surface 
of  the  large  stones  in  such  a  roadway  are  easily 
cleaned  by  brushing,  without  the  dislodgment  of  stones 
in  the  surface.  A  clean  mosaic  surface  is  of  the  ut- 
most importance  from  the  standpoint  of  the  formation 
of  a  satisfactory  bond  between  the  broken  stone  and 
the  tar.  The  maintenance  of  tar  surfaces  on  wearing 
courses  of  large  broken  stone  is  economical,  since  after 
the  tar  surface  wears  away  in  spots  the  mechanically 
interlocked  large  stones  will  of  themselves  generally 
have  sufficient  stability  to  withstand  the  effects  of 
traffic  until  retreated. 

On  the  other  hand,  if  the  top  course  of  a  broken- 
stone  road  has  been  constructed  of  a  product  varying 
in  size  from  V4  to  IV'i  in.,  it  will  be  very  difficult,  if  not 
impossible  in  the  case  of  soft  stone  to  secure  an  even 
clean  surface.  Even  after  thorough  brushing,  a  film 
of  impalpable  dust  usually  covers  the  surface  of  the 
roadway.  During  hard  brushing  small  depres^sions 
will  probably  be  formed  by  the  displacement  of  pock- 
ets of  dust  and  the  smaller  sizes  of  .stone.  Further- 
more, the  wheels  of  vehicles  may  adhere  to  the  tar 
and  thus  tear  up  the  small  mineral  matter  adhering  to 
it.  As  soon  as  the  tar  surface  wears  out  in  spots,  rapid 
disintegration  of  the  exposed  broken  stone  or  gravel 
surface,  with  the  consequent  formation  of  potholes, 
is  apt  to  occur. 

Applying  the  Tar.— If  a  tar  surface  is  to  be  con- 
structed on  a  new  broken-stone  or  gravel  road,  or  on 
one  which  has  ju.st  been  resurfaced,  the  tar  should 
not  be  applied  until  the  crust  has  had  time  to  consoli- 
date under  the  action  of  traflfic  and  with  the  aid  of  the 
binding  action  of  dust  and  moisture.  If  it  be  imprac- 
ticable to  postpone  the  surface  treatment,  special  care 
should  be  taken  to  secure  a  maximum  consolidation  of 
the  crust  of  the  roadway  by  puddling  and  rolling. 

When  the  tar  is  applied,  the  roadway  surface  should 
be  bone  dry.  If  the  surface  is  damp,  it  will  be  difficult 
to  secure  a  good  bond.     Distribution  of  the  tar  is  ac 


complished  by  two  methods,   (1)   flow  by  gravity,   (2) 
mechanical  pressure. 

The  use  of  gravity  distributors  has  not  been  devel- 
oped to  its  fullest  extent  in  America,  in  that  the  use 
of  mechanical  brushes,  or  the  brushing  of  the  material 
into  the  road  by  hand  brooming,  has  never  been 
adopted  e.xtensively.  By  brushing  after  gravity  dis- 
tribution, it  is  possible  to  distribute  uniformly  Vt,  to 
1/.5  gal.  of  tar  per  square  yard.  In  some  cases,  when 
the  distribution  is  accomplished  by  hand  brooming,  the 
adhesion  of  the  material  to  the  road  metal  is  as  good 
as  when  the  material  is  applied  under  pressure.  The 
advantages  claimed  for  pressure  distributors  are  the 
following: 

Aid  in  cleaning  the  surface  of  the  roadway;  even 
application;  distribution  of  small  amounts  per  square 
yard;  satisfactory  adhesion  obtained  between  the  tar 
and  the  surface  of  a  clean,  dry  roadway;  and  rapid, 
economical  distribution. 

As  a  general  rule,  from  14  to  1-2  gal.  per  square  yard 
is  used  for  the  first  treatment,  preferably  in  two  ap- 
plications. The  amount  applied  per  treatment  depends 
upon  the  kind  of  tar,  the  character  and  condition  of 
the  surface,  and  the  details  of  the  method  of  appli- 
cation. For  example,  a  smooth  surface  composed  of 
large-sized,  tough,  hard  stone,  well  compacted  by 
traffic,  would  require  from  0.25  to  0.45  gal.;  for  a  some- 
what rough  surface  of  stone  having  a  medium  tough- 
ness and  hardness  and  recently  resurfaced,  it  would 
be  necessary  to  use  from  0.35  to  0.5  gal.  per  square 
yard  to  form  a  satisfactory  thin  tar  surface. 

The  superficial  coat  of  tar  is  usually  covered  with 
either  coarse  sand,  fine  gravel  or  stone  chips  varying 
from  1,8  to  I2  in.  in  longest  dimension.  Material  con- 
taining clay  should  not  be  used,  as  disintegration  may 
result  by  the  emulsifying  of  the  clay  and  water  on  the 
tar  surface.  The  amount  of  sand,  stone  chips  or  gravel 
used  per  square  yard  depends  upon  the  quantity  and 
kind  of  the  tar  and  the  character  of  the  surface  of 
the  roadway.  From  5  to  20  lb.  per  square  yard  have 
been  used  satisfactorily  for  thin  tar  surfaces;  5  to 
12  lb.  for  from  0.1  to  0.25  gal.  of  tar  per  square  yard; 
10  to  17  lb.  for  0.25  to  0.35  gal.;  and  15  to  20  lb.  for 
from  0.35  to  0.5  gal. 

Cost  Data  for  Tar  Surfaces. — Under  normal  condi- 
tions, with  labor  and  foreman  at  $2  and  $4  respec-' 
lively  for  an  8-hour  day;  team,  $5  per  day;  refined 
tar,  applied,  7  to  9  ct.  per  gallon;  and  top  covering, 
$2  to  $2.25  per  ton,  delivered;  the  cost  of  tar  sur- 
faces, using  from  0.25  to  0.4  gal.  of  tar  per  square 
yard,  will  vary  from  4  to  8  ct. 

Tar  Macadam  Pavements. — A  tar  macadam  pave- 
ment is  one  having  a  wearing  course  of  macadam 
with  the  interstices  filled  by  a  penetration  method 
with  a  tar  cement. 

Usually  tar  macadam  pavements  are  constructed  on 
broken-stone  or  gravel  foundations.  In  cases  where 
traffic  conditions  require  rigid  foundations,  or  where 
materials  satisfactory  for  cement-concrete  may  be 
secured  at  a  much  lower  cost  than  broken  stone,  ce- 
ment-concrete foundations  have  been  used  and  have 
been  found  to  be  satisfactory  and  economical.  The 
more  general  use  of  cement-concrete  foundations  is 
advisable  on  trunk  or  other  highways  where  traffic  is 
likely  to  increase  rapidly  both  in  amount  and  weight. 
When  it  is  necessary  to  construct  a  more  durable 
type  of  wearing  course  than  tar  macadam,  the  ce- 
ment-concrete foundation  previously  constructed 
proves  a  valuable  asset  and  allows  reconstruction  to 
be  accomplished  economically. 

In   order  that  road  metal   should   interlock   during 
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compaction  and  thus  provide  a  .stable  wearinK  course, 
a  proper  an^'uiarity  is  an  important  prerequisite.  The 
road  metal  should  not  contain  over  5  per  cent  of 
particles  having  small  acute  anjfles,  nor  should  the 
product  contain  slivers.  Koad  metal  which  has  a 
rough  or  coarse  grain  or  pitted  surface  is  preferable 
to  material  with  smooth  or  glassy  surfaces,  as  the 
tar  cement  adheres  more  satisfactorily  to  the  former 
than  to  the  latter.  Cleanliness  is  an  essential  (jual- 
ity  of  road  metal  for  the  wearing  course  of  tar  mac- 
adam pavement.s.  It  is  ditlkult  and  usually  impossi- 
ble to  secure  a  good  adhesion  of  the  tar  cement  to 
road   metal   which   is  not  clean. 

In  the  construction  of  tar  macadam  pavements  it  is 
desired  to  secure  (1)  a  stable  wearing  course  con- 
sisting of  broken  stone  or  similar  material  thoroughly 
rolled  so  that  it  will  be  well  compacted  and  keyed 
together,  and  with  the  several  sizes  of  material  uni- 
formly distributed;  and  (2)  a  uniform  distribution 
and  penetration  of  the  tar  within  the  upper  1'-  to 
3  in.  of  the  crust. 

Several  methods  of  construction  have  been  devised 
with  a  view  to  meeting  the  above  prerequisites.  Care- 
ful super\"ision,  based  on  e.xperience,  is  necessary  to 
prevent  non-uniformity  in  the  density  of  the  wearing 
course  of  broken  stone  and  in  the  amount  of  tar  ap- 
plied per  square  yard.  It  is  evident  that  uniform 
application  of  the  tar  will  depend  upon  the  method 
of  distribution  employed.  In  using  vehicular  distrib- 
utors, one  cause  of  uneven  distribution  of  the  tar  is 
overlapping  of  applications.  The  use  of  strips  of  tar 
paper  or  wrapping  paper,  from  3  to  5  ft.  in  width, 
placed  at  the  edge  of  an  application,  has  prevented 
sections  of  the  wearing  course  receiving  double  the 
amount  of  tar  cement  specified. 

A  typical  American  method  of  construction  is  as 
follows:  The  metalling  of  the  wearing  course  is  a 
uniform  product  of  about  1  or  I'j  in.  in  size  or  a 
product  similar  to  or  larger  than  one  passing  over 
a  1'  .'-in.  and  through  a  2':;-in.  screen,  and  the  voids 
in  the  upper  part  of  the  wearing  course  are  filled 
after  the  tar  cement  is  applied.  Practice  varies  with 
reference  to  the  amount  of  rolling  of  the  wearing 
course  prior  to  the  application  of  the  tar  cement. 
For  traffic  medium  or  heavy  in  weight  and  amount, 
♦he  best  results  have  been  secured  by  thoroughly 
rolling  the  road  metal  and  thus  securing  ma.ximum 
interlocking  of  the  particles  and  thereby  securing 
the  highest  degree  of  stability  practicable  by  this 
method.  The  tar  cement  is  applied  in  an  amount 
varying  from  1 '  !■  to  2  gal.  per  square  yard,  after 
which  s-in.  stone  chips,  or  a  product  similar  to  one 
passing  a  '-.'-in.  and  through  a  1-in.  screen,  is  spread 
and  thoroughly  rolled.  Usually  the  surface  is  then 
broomed  with  stiff  brooms,  removing  the  excess  loose 
broken  stone,  and  another  coat  of  tar  cement,  from 
l:j  to  1  gal.  per  square  yard,  is  applied,  covered  with 
a  layer  of  stone  chips,  or  pea  gravel,  and  rolled. 

Cost  Data  for  Tar  Macadam. — The  cost  of  tar  pave- 
ments built  bv  penetration  methods  varies  with  the 
amount  and  kind  of  tar  cement  and  road  metal  used 
and  the  method  of  construction  employed.  An  aver- 
age cost,  using  G  to  8  in.  of  compacted  broken  stone 
and  a  total  of  2  to  2-'i  gal.  of  tar  cement  per  S(iuare 
yard,  varies  from  25  to  40  ct.  per  s<iuare  yard  in  ex- 
cess of  the  cost  of  waterbound  broken  stone  roads, 
or  from  70  rt.  to  $1.25  per  square  yard. 

Tar  Concrete  Pavements. — A  tar  concrete  is  one 
composed  of  broken  sti.ne,  broken  slag,  gravel  or 
shell,  with  or  without  sand,  portland  cement,  fine  in- 


ert material  or  combinutionH  thereof,  and  a  tar  cement 
incorporated  together  by  a  mixing  method. 

Tar  concrete  pavements  may  generally  be  grouped 
into  three  classes.  The  esiiential  characteristics  of 
these  classes  are  a.t  follows: 

Class  A — A  tar  concrete  pavement  having  a  min- 
eral aggregate  composed  of  one  product  of  a  crush- 
ing or  screening  plant. 

Class  B — A  tar  concrete  pavement  having  a  min- 
eral aggregate  composed  of  a  certain  number  of  parts 
by  weight  or  volume  of  one  product  of  a  crushing 
or  screening  plant,  and  a  certain  number  of  parts  by 
weight  or  volume  of  sand,  broken  stone  screenings 
or  similar  material,  with  or  without  a  filler. 

Class  C — A  tar  concrete  pavement  having  a  pre- 
determined, mechanically  graded  aggregate  composed 
of  broken  stone,  broken  slag,  gravel  or  shell,  with 
or  without  sand,  portland  cement,  fine  inert  mate- 
rial or  combinations  thereof. 

There  is  ample  evidence  at  hand  that  tar  concrete 
pavements  of  Class  A  may  be  constructed  without 
danger  of  litigation  proceedings. 

The  history  of  litigation  cases  indicates  that  the 
construction  of  unpatented  tar  concrete  pavements  of 
Class  B  on  a  large  scale  will  in  all  probability  lead  to 
an  infringement  suit. 

With  the  exception  of  the  class  of  tar  concrete  pave- 
ments having  mineral  aggregates  similar  to  that  cov- 
ered by  the  Topeka  decree,  the  e.xtensive  use  of  non- 
patented  tar  concrete  pavements  of  Class  C  will 
usually  lead  to  litigation  proceedings. 

Many  failures  have  occurred  due  to  laying  tar  con- 
crete pavements  on  weak  foundations.  Of  the  more 
common  types  of  foundations,  satisfactory  results 
have  been  obtained  under  medium  traffic  with  thor- 
oughly filled  and  compacted  broken  stone  and  tar- 
concrete  foundations.  Cement-concrete  foundations 
should  generally  be  used. 

Under  Class  A,  two  types  of  pavements  will  be 
considered.  The  most  efficient  type,  as  laid  in  Amer- 
ica, has  a  mineral  aggregate  which  will  comply  with 
the  following  requirements: 

All  of  the  broken  stone  or  broken  slag  shall  pass 
a  1'  i-in.  screen:  not  more  than  10  per  cent  nor  less 
than  1  per  cent  shall  be  retained  on  a  1-in.  screen; 
r.ot  more  than  10  per  cent  nor  less  than  3  per  cent 
shall  pass  a  '  i-in.  screen. 

This  aggregate,  for  small  jobs,  may  be  mixed  with 
hot  tar  cement  by  hand  methods.  Usually,  however, 
mechanical  heating  and  mixing  plants  should  be 
used.  In  a  complete  plant  for  the  manufacture  of 
tar  concrete,  the  aggregate  is  carried  by  bucket  ele- 
vators, to  rotary  dryers,  where  it  is  dried  and  the 
dust  exhausted.  From  the  dryer  the  aggregate  is 
rai.^ed  by  elevators  to  storage  bins.  When  required 
the  aggregate  is  drawn  from  the  bins  to  a  weighing 
device,  and  from  there  deposited  into  a  mixer.  Such 
plants  are  also  e(|uipped  with  tar  cement  heating 
tanks  and  weighing  buckets.  A  plant  of  this  type 
.^hould  have  a  capacity  of  from  800  to  1,000  sq.  yd. 
of  2-in.  wearing  surface  per  day.  For  the  type  of 
tar  concrete  under  consideration,  it  has  been  found 
that  the  tar  mixture  should  contain  between  5  per 
cent  and  8  per  cent  of  bitumen. 

An  important  detail  of  laying  is  thorough  rolling. 
An  even  surface  and  adequate  compaction,  with 
thorough  interlocking  of  the  particles  of  broken 
stone,  may  be  readily  obtained  by  the  proper  use  of 
a  tandem  roller  weighing  between  10  and  12  tons. 

.Many  niethods  have  been  developed  for  the  appli- 
fati"ti  of  thr  -.cal  roat  oi  tar      It  has  been  found  that 
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seal  coats  of  from  V2  to  1  gal.  of  tar  cement  per 
square  yard  are  distributed  most  uniformly  by  the 
use  of  hand-drawn  gravity  distributors,  followed  by 
a  squeegee. 

The  average  cost  of  this  type  of  tar  concrete  under 
normal  conditions,  when  laid  as  a  2-in.  wearing 
course,  should  be  from  25  to  40  ct.  in  excess  of  a 
waterbound  broken-stone  wearing  course  of  the  same 
thickness. 

The  second  type  of  tar  concrete  of  Class  A  is  the 
two  or  three-cornered  pavement  in  which  each  course 
consists  of  one  product  of  a  crushing  or  screening 
plant.  The  excellent  tar  slag  concrete  pavements 
which  have  been  laid  in  England  since  1903  are  of 
this  type.  Although  used  by  various  municipalities, 
the  largest  yardage  of  this  type  has  been  constructed 
by  Tarmac,  Ltd.  One  of  the  Tarmac  plants  is  lo- 
cated at  Wolverhampton,  adjacent  to  that  of  a  com- 
pany producing  large  qauntities  of  blast-furnace 
slag.  The  large  molds  of  slag  are  transported  by 
small  cars  from  the  iron  works  on  a  narrow-gage 
track  and  dumped  near  the  Tarmac  works.  These 
large  blocks,  while  still  warm,  are  broken  by  sledge- 
ham.mers  to  a  size  suitable  for  the  crusher.  After  it 
is  crushed  and  screened  into  sizes  varying  from  I4 
to  2':;  in.,  it  is  mixed  with  a  tar  compound.  Since 
the  slag  is  warm  even  after  it  has  been  crushed,  no 
heating  preliminary  to  mixing  is  necessary. 

Although  In  some  cases  two  courses  of  tar  slag 
concrete  are  used,  usually  more  than  two  layers  of 
tar-coated  slag  are  employed,  as  was  the  case  with 
tar  slag  concrete  pavement  laid  at  Brighton-on-Sea. 
The  details  of  construction  follow: 

On  a  well-compacted  gravel  foundation  was  spread 
a  scattering  of  tar-coated  slag  chips.  The  bottom 
layer  was  composed  of  2V2  in.  of  compacted  IVi  to 
2V2-in.  tar  coated  slag.  The  second  course  consisted 
of  2  in.  of  compacted  ^2  to  I'o-in.  tar-coated  slag. 
The  third  course  was  composed  of  a  thin  layer  of  ^s 
to  -'siin.  tar-coated  slag  chips,  which  layer  was  thor- 
oughly rolled.  The  pavement  was  finished  by  rolling 
a  top  dressing  of  uncoated  fine  slag  screenings. 

Tar  concrete  pavements  of  Class  C,  with  mineral 
aggregates  similar  to  the  modern  Topeka  grading, 
r/ere  laid  in  Pittsburgh,  Pa.,  about  1890.  The  pave- 
ment laid  on  Lang  Ave.  has  been  in  service,  with  only 
nominal  repairs,  for  the  past  26  vears.  Many  similar 
pavements  were  constructed  in  several  cities  of  New 
England  as  early  as  1885.  Since  1913,  tar  Topeka 
pavements  have  been  laid  in  several  states  through- 
out the  middle  west  of  the  United  States  and  also  in 
cities  of  New  England.  Some  of  the  best  examples 
of  this  type  of  tar  concrete  pavement  have  been  con- 
structed with  about  8  per  cent  of  tar  bitumen  in  the 
mix,  and  with  a  light  seal  coat  of  refined  tar. 


Plans  Under  Way  for  October  Highway  Association 
Meeting. — A  meeting  of  the  officers  and  directors  of 
the  Highway  Industries  Association  was  held  at  Lima, 
0.,  Aug.  5  for  the  purpose  of  formulating  plans  for 
the  annual  meeting  to  be  held  in  Chicago  the  first 
week  in  October  and  to  arrange  for  a  joint  meeting 
to  be  held  under  the  auspices  of  the  American  Asso- 
ciation of  State  Highway  Officials  and  the  Highway 
Industries  Association.  Questions  of  great  impor- 
tance will  be  discussed  at  both  meetings.  Plans  and 
arrangements  will  be  made  at  the  joint  meeting  for  a 
thorough  co-operation  with  the  State  Highway  Offi- 
cials, so  that  the  policies  and  legislation  promulgated 
at  that  time  may  be  pushed. 


Method    and    Cost    of    Reducing 
Excessive  Crown  on  a  Mac- 
adam Pavement 

By  E.  EARL  GLASS. 
Many  of  the  older  bituminous  macadam  pavements 
were  built  with  the  same  high  crown  needed  to  prop- 
erly drain  the  water-bound  macadam  road.  This  was 
not  only  unnecessary  for  drainage,  but  made  the 
smooth,  sloping  surface  dangerous  by  skidding  autos 
and  teams.     Drivers  naturally  kept  to  the  middle  of 


Fig.    1— Hand    Oiling    Outfit    of    Los    Angeles    County    Road 
Department. 

the  road  so  that  it  became  practically  a  single-track 
and   consequently  subjected  to  e.xcessive   wear. 

Such  a  condition  was  remedied  when  the  Los  An- 
geles County  Road  Department  reduced  the  10-in. 
crown  in  a  section  of  the  Lankershim  Blvd.  to  4  in. 
The  traffic  is  principally  passenger  automobiles  and 
the  old  bituminous  macadam  surface  was  in  excel- 
lent condition,  hard  and  smooth.  The  road  was  kept 
open  to  traffic  by  improving  only  one-half  the  width 
at  one  time. 

A  4-ft.  strip  along  the  edge  of  the  clean  pavement 
was  given  a  binder  coat  of  hot  asphaltic  road  oil  with 
the  hand  oiling  outfit  shown  in  Fig.  1.  No.  1  stone 
was  spread  upon  the  oil  to  a  depth  that  left  the 
rolled  surface  '  --in.  below  finish  grade.  In  the  same 
way  two  smaller  sizes  of  stone  were  placed  in  paral- 


Flg.   2— Cross   Section   of   Road. 

lei  strips  as  shown  in  Fig.  2,  leaving  a  5-ft.  space 
in  the  center  bare.  The  stone  was  rolled  by  a  12-ton 
gas  roller,  then  covered  with  screenings  and  wet 
and  rolled  until  an  excellent  water-bound  macadam 
was  obtained,  true  to  section  and  with  only  4  in. 
crown.  When  the  surface  was  dry,  it  was  swept  to 
expose  the  metal  and  the  entire  half  width  sealed 
with  hot  90  per  cent  asphaltic  oil,  applied  by  a  pres- 
sure spraying  oil  truck.  This  was  covered  with  a 
light  coat  of  clean  granite  screenings  and  the  com- 
pleted strip  thrown  open  to  traffic.  An  earth  shoul- 
der was  thrown  up  by  a  road  grader  to  protect  the 


The    pavement    has    proven    satisfactory    in    every 
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respect.    The  length  uf  the  improvement  was 
The  cost  wa.i  a.s  fullowH: 


mile,  ^ected  that  the  new  syttem  will  re«ult  in  a  30  to  50 
per  cent  increaxe  in  the  amount  uf  freight  that  the 
railroadH  can  handle.  It  m  Htated  that  after  the  »y»- 
leni  hasi  been  perfected  in  New  York  City  it  will  be  ap- 
jJiid  t..  all  ..th.r  cilien  in  the  United  States. 


Total  ro«l  of   Improvement 


.\iitt)  ( irossiiiii  for  Line  Fences  ami   1  arm 
Entrances 

A  type  of  auto  cro.-i.iink'  employed  <iuite  extensively 
•n  we.-itern  Knn.fii.s  is  .shown  in  the  .sketch.  The  ar- 
rangement wn.s  designed  by  Mr.  I'etefish.  County  Kn- 
yineer  of  Scott.  Wichita  and  Clreeley  counties.  It  i.s 
used  on  a  line  fence  where  the  travel  is  across  fields, 
cr  in  sparsely  settled  sections  where  Kitte!!  ^re  allowed 


Type    of    CroMlng    Uted    Extenilvely    In    Western    Kansas. 

on  highways.  It  is  also  used  to  very  good  advantage 
on  farm  entrances.  It  is  built  on  a  similar  plan  to  the 
cattle  guards  on  a  railroad.  Where  there  is  horse 
traffic  to  be  taken  care  of,  a  gate  is  generally  placed 
close  to  the  crossing. 

Very  little  form  work  is  required  in  the  construc- 
tion, as  the  sides  of  the  excavation  for  the  two  run- 
ways act  as  forms.  After  the  runways  have  set,  the 
center  pit  can  be  dug  out  to  a  depth  of  not  less  than 
1  ft.  Blocks  can  be  placed  in  the  runways  when  they 
are  cast  to  provide  spaces  for  the  2  by  4-in.  guard 
bars  across  the  pit.  If  possible,  a  drain  should  be 
placed  in  the  bottom  of  the  pit,  running  to  some  lower 
ground.  This  is  unnecessary  in  the  above  counties, 
as  the  nature  of  the  soil  allows  the  water  to  soak  into 
the  ground. 


Store    Door  Freight    Deliveries    in    New 
York  City 

A  plan  for  eliminating  the  freight  congestion  at 
piers  and  railway  terminals  in  New  York  City  is  to 
he  put  into  efTect  Aug.  15.  After  that  date  all  incom- 
ing shipments  will  he  delivered  direct  from  the  ter- 
minals to  the  consignees  without  the  formality  of  any 
notices  of  arrival.  At  present  consignees  are  allowed 
h  48-hnur  free  demurrage  period.  The  entire  mercan- 
tile di.strict  will  he  divided  into  zones  and  all  trucks 
delivering  the  freight  will  leave  from  terminals  with 
full  loads  to  be  delivered  in  one  of  the  zones.  Kiich 
truck  will  be  registered  and  will  be  under  the  super- 
vision of  the  city  drayage  director,  who  will  have  gen- 
eral supervision  and  control  of  the  trucking  of  freight 
from  the  pier  or  freight  «tati<m.  He  will  be  assisted 
by  drayage  supervisors,  one  at  each  pier.     It   is  ex- 


Cost  Keeping  System  for  County 
Highway  VVork* 

By  H.  A.  SEWELL. 

Knglnrrr    I'eiin    orcilU-    i'"U!it>.    Washlnclon 

The  number  and  character  of  forms  to  be  used  in  a 
cost  keeping  system  for  county  highway  work  will  de- 
pend largely  on  the  size  of  the  county  and  the  method 
of  handling  the  superintendence  of  road  work;  but 
there  are  certain  elements  or  principles  of  any  such 
-jystem  which  will  apply  to  all  canes.  These  elements 
I  will  group  under  the  heads  (1)  Authorization  of 
Work,  (2)  Reports,  (3)  Segregation,  and  (4)  Sum- 
mary. 

Budget  of  Expense. — The  first  element  under  au- 
thorization of  work  should  be  a  well-considered 
budget  of  expense,  based  not  upon  the  usual  basis  of 
"salaries  or  per  diem."  "contracts,"  "labor,"  "team 
work,"  "materials  and  supplies."  "tools  and  Machin- 
ery," etc.,  as  we  generally  find  in  the  county  budget; 
but  rather  upon  the  amounts  to  be  allowed  for  all  the.-^e 
items  for  construction  or  maintenance  of  each  par- 
ticular piece  of  road,  or  bridge,  whether  it  be  by  con- 
tract or  day  labor,  and,  in  addition,  a  fixed  amount 
for  overhead  for  the  district  or  county,  as  the  case 
may  be,  which  cannot  properly  be  charged  to  any  par- 
ticular stretch  of  road.  No  one  realizes  more  than  do 
I  the  difficulties  of  forming  a  budget  under  our  pres- 
ent system  of  county  bookkeeping,  but  after  installing 
the  rest  of  a  cost  keeping  system  it  will  yearly  become 
an  easier  matter  to  formulate  an  adequate  and  well- 
balanced  budget.  After  the  adoption  of  the  budget  it 
should  be  rigidly  adhered  to,  except  in  cases  of  pal- 
pable oversight  or  emergency. 

.Authorization  Blanks  and  Work  Orders. — Having 
pdopted  the  budget,  the  next  element  of  authorization 
is  some  form  of  "authorization  blank,"  "work  order" 
vr  "job  sheet,"  to  be  delivered  to  each  man  in  charge 
of  road  work,  for  each  individual  job,  by  his  superior 
in  charge  of  district  or  county,  as  the  case  may  be. 
This  blank  should  show  in  more  or  less  detail  the  work 
to  be  done  and  the  amount  to  be  allowed  for  the  work. 

Closely  allied  with  the  "work  order"  is  the  "requisi- 
tion." Agreeable  to  local  conditions,  it  may  be  issued 
to  the  job  foreman  by  his  superior,  or  by  the  foreman 
himself  upon  the  authority  contained  in  the  work  or- 
dered. The  principal  object  of  the  requisition  is  to 
prevent  haphazard  and  unregulated  purchase  of  ma- 
terial and  machinery  and  to  show  who  received  such 
material  or  machinery.  Needless  to  say,  neither  the 
"work  order"  nor  the  requisition  applies  to  contract 
work,  as  the  contract  and  specifications  are  sufiicient 
.-'.uthorization  of  the  work  and  the  bond  protects  the 
county. 

.Segrcgntion  of  ExpenditureH. — The  second  group  of 
elements  I  have  classed  as  reports.  By  this  I  mean 
the  segregation  of  the  expenditures  of  road  money  so 
as  to  show  on  what  particular  piece  of  road  the  ex- 
penditure occurred,  and.  further  than  that,  if  pos- 
sible, the  exact  location  and  nature  of  the  expendi- 
ture. The  forms  to  be  used  for  these  reports,  and 
whether  they  shall  be  daily,  weekly  or  monthly,  will 
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again  depend  upon  the  magnitude  of  the  work  and 
local  methods  of  handling  the  same.  Another  impor- 
tant factor  in  designing  a  report  is  the  character,  edu- 
cation and  experience  of  the  person  making  the  re- 
port; and  great  care  must  be  exercised  in  not  making 
it  so  complex  as  to  cause  either  of  the  alternatives,  no 
reports,  or  the  loss  of  a  good  road  boss. 

The  ideal  place  for  the  report  would  be  on  the  claim 
vouchers  or  pay  roll,  as  such  a  system  would  be  simple 
and  direct.  Unfortunately,  however,  the  vouchers  and 
pay  rolls  used  in  this  state  are  prescribed  by  book- 
keepers and  not  by  engineers,  and  no  provision  is  made 
for  segregation  of  time.  Therefore  the  next  best 
scheme  is  to  design  a  system  of  report  which  may  be 
properly  segregated  and  distributed. 

The  report  or  reports  should  show  the  work  order 
number  of  the  job,  the  names  of  the  foremen  and  work- 
men, the  location  and  exact  nature  of  the  work,  and  the 
number  of  hours  working  time. 

In  case  the  foreman  is  allowed  to  requisition  mate- 
rials or  tools  for  his  use  or  take  some  from  stock,  he 
should  be  required  to  render  a  memorandum  report  of 
such  transactions.  On  contract  work  the  inspector 
should  make  the  reports.  Traffic  reports  should  be 
kept  on  all  maintenance  work  where  possible. 

Distribution  of  Costs. — There  is  a  large  group  of 
elements  to  be  considered  under  the  head  of  segre- 
gation and  distribution,  as  there  are  so  many  heads 
under  which  costs  might  be  segregated.  Here,  how- 
ever, we  must  follow  our  budget  and  distribute  costs 
£s  nearly  as  possible  according  to  the  items  outlined 
in  the  budget,  leaving  any  other  segregation  desired 
as  a  sub-segregation  under  the  main  segregation,  ac- 
cording to  overhead  and  roads,  to  be  recapitulated  in 
the  summary  of  costs.  The  reports  having  been  made 
as  simple  as  possible  to  be  and  still  convey  the  neces- 
sary information,  most  of  the  work  of  segregation 
must  be  done  in  the  office,  and  it  may  be  carried  as 
far  as  the  accuracy  of  the  data  and  the  local  condi- 
tions render  advisable. 

The  first  question  to  be  decided  is  which  items  are 
to  be  considered  as  overhead  expense  and  which  are 
to  be  charged  as  road  expense.  It  is  my  rule  to  charge 
every  expense  to  overhead  which  cannot  be  directly 
traced  to  some  particular  road  or  group  of  roads,  but 
is  of  general  value  to  the  district  or  county  and  may 
be  (although  not  necessarily  must  be)  of  general  use. 
Thus,  small  tools  may  be  bought  for  and  worn  out  by 
a  patrol  crew  on  a  particular  section  of  road,  yet  such 
tools  are  of  general  value  and  might  be  used  else- 
where should  occasion  require,  and  would  be  charged 
to  overhead  expense,  heading  "Tools  and  Machinery." 
The  headings  and  subheadings  should  cover  the  prin- 
cipal items  of  overhead  and  the  remaining  overhead 
items  should  be  carried  in  miscellaneous  columns,  ad- 
joined by  a  blank  column  to  show  cause  of  outlay. 
Sometimes  one  claim  paid  will  be  segregated  under 
several  heads  in  several  columns.  "Materials  and 
supplies"  purchased  in  quantity,  which  will  ultimately 
be  charged  direct  to  the  several  roads,  should  be  car- 
ried in  a  stock  account  and,  when  used,  should  be 
charged  to  the  respective  roads  and  the  amount  cred- 
ited to  the  stock  account.  The  extent  to  which  these 
accounts  need  be  subheaded  will  depend  largely  on  the 
magnitude  of  the  work  accounted. 

The  items  of  road  expense  chargeable  to  the  several 
roads  direct  are  easily  classified  into  labor  and  mate- 
rials, and  the  subheads  are  familiar  to  all.  Here,  for 
convenience,  the  entire  crews'  time  for  a  certain  pe- 
riod of  time,  depending  on  the  report  interval,  may  be 


entered  together  as  segregated  by  the  reports,  checked 
against  the  pay  rolls.  If  possible,  different  classes  of 
work  readily  measured  by  units  should  be  segregated 
and  the  unit  cost  entered,  as  well  as  the  entire  cost 
of  the  class  of  work  and  of  the  whole  section.  For 
contracts  the  bid  prices  and  actual  costs  may  both  be 
entered  if  .desired.  Engineering  and  inspection  on 
any  particular  road  should  be  carried  in  an  engineer- 
ing account  and  charged  to  that  road  or  job  in  the 
yearly  summary.  Bridge  work  may  well  be  carried  in 
separate  accounts  in  a  bridge  ledger  and  charged  to 
the  road  on  the  yearly  summary. 

Annual  Cost  Summary. — Having  segregated  the 
various  items  for  future  reference,  the  next  question 
is  as  how  to  make  use  of  them.  This  is  through 
the  summary,  preferably  annual.  In  the  annual  re- 
port or  summary  the  divisions  of  the  budget  should 
be  closely  followed,  so  as  to  show  whether  expenses 
overrun  or  fall  short  of  the  budget.  This  is  for  the 
inform»ation  of  the  general  public.  In  addition  to  this 
a  recapitulation  should  be  prepared,  if  possible,  for 
the  benefit  of  highway  engineers,  showing  unit  costs 
of  construction  and  maintenance,  based  upon  con- 
venient units.  On  maintenance  the  most  convenient 
unit  is  probably  the  mile;  and  by  use  of  the  traffic  re- 
ports a  convenient  unit  is  cost  per  year  per  mile  per 
unit  of  traffic. 

The  report  should,  if  possible,  contain  a  statement 
of  assets  in  the  way  of  machinery  and  tools,  based 
upon  their  depreciated  value  at  that  time,  and  the 
difference  between  this  statement  and  the  one  for  the 
year  before  should  be-  subtracted  from  or  added  to  the 
tools  and  machinery  account  under  overhead  expense, 
according  as  the  asset  value  has  increased  or  de- 
creased. Where  a  piece  of  machinery  is  finally  junked 
and  its  asset  value  gone,  its  entire  cost  should  have 
been  absorbed  by  the  overhead  account. 

Cost  System  of  Pend  Oreille  County. 

The  system  which  I  have  installed  in  the  Engineer's 
office  in  Pend  Oreille  County  is  based  on  that  provision 
of  the  law  vv'hich  provided  that  the  County  Engineer 
shall  keep  a  record  of  the  history  of  each  road. 

The  authorization  blanks  consist  of  work  orders 
and  requisitions  issued  by  the  Supervisor  to  his  re- 
spective foremen  and  by  the  Engineer  for  permanent 
highway  maintenance.  These  blanks  are  printed  in 
triplicate,  the  stub  being  retained  by  the  Supervisor, 
the  next  division  going  to  the  Engineer's  office,  and 
the  outside  blank  going  to  the  foreman.  In  the  case 
of  a  work  order  he  keeps  it,  while  a  requisition  is 
turned  in  to  the  person  or  firm  providing  the  mate- 
rial or  machinery,  to  be  attached  to  claim  vouchers. 
The  Engineer  files  his  for  future  reference.  Certified 
copies  of  all  contracts,  of  course,  are  filed  in  the  En- 
gineer's office,  as  required  by  law.  In  some  cases 
small  jobs  of  day  work  on  construction  or  mainte- 
nance are  let  out  to  local  parties  on  work  orders.  In 
such  cases  the  work  order  numbers  and  classification 
of  labor  on  the  pay  roll  are  usually  sufficient  to  prop- 
erly record  the  work,  so  it  is  not  customary  to  require 
reports  on  such  work. 

All  foremen  employed  on  more  than  one  job  are  re- 
quired to  turn  in  monthly  industrial  labor  reports 
showing  when,  where  and  how  all  work  is  done.  While 
at  first  sight  the  idea  of  having  a  separate  sheet  for 
each  individual  may  appear  cumbersome,  it  is  simple 
for  the  foreman,  and  affords  the  exact  information 
desired.  It  also  is  easily  checked  against  the  pay  roll, 
and  in  a  small  county,  at  least,  is  easily  handled  in 
the   Engineer's   office   by   placing   in   a   letter  file   for 
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tach  month  and  segreKatiiiK  the  variuuit  reports  for 
entrv  in  the  ledKer. 

A  memoranilum  of  all  tool  and  machinery  purchaHea 
and  transfers  is  also  required  of  all  foremen  on  a 
"Tool  and  MachintTv"  report  and  all  materials  and 
supplies  bought,  or  taken  fron)  stock,  must  be  ac- 
counted for  on  "Material  and  Supplies"  report.  On 
Jobs  of  n)at;nitude  a  weekly  report  is  required  to  keep 
I"  check  on  the  work.  On  those  jobs  the  foreman  is 
u.-iually  competent  to  sejrrejrate  work,  or  there  i.s  an 
inspector  or  enjrineer  on  the  job;  therefore  u  .se)fre- 
gated  report  i.-  required,  thus  savinK  an  office  segre- 
gation.  We  require  a  daily  report  from  truck  crews, 
not  because  of  the  fact  that  the  magnitude  of  the  work 
requires  it,  but  because  no  report  blank  could  be 
formulated  which  would  show  the  elements  required 
for  a  larjrer  period  than  one  day  without  beinK  too 
comple.x  to  be  kept  in  the  field.  We  have  the  patrol 
^ystem  of  maintenance  on  our  main  highways,  and 
patrolmen  are  required  to  keep  traffic  report.s  for  cer- 
tain weeks. 

A  blank  for  the  use  of  the  Supervisor  is  the  Tool 
and  Machinery  Receipt,  and,  while  not  properly  speak- 
ing a  part  of  the  cost  keeping  system,  a  word  of  e.x- 
planation  may  be  proper  on  account  of  the  close  con- 
nection a  check  on  tools  has  with  the  cost  keepinK- 
The  receipt  proper  is  the  stub,  and  is  kept  by  the  Su- 
pervisor after  being  signed  by  the  foreman.  Upon 
returning  the  tools,  or  otherwise  accounting  for  them, 
the  foreman  receives  his  release  in  the  return  receipt. 
In  case  tools  are  to  be  reloaned  the  Supers'isor  gives 
the  man  to  receive  the  tools  a  reloan  order  in  lieu  of 
the  tools,  which  he  presents  to  the  man  possessing  the 
tools  as  his  authority. 

The  record  books  employed  in  the  county  consist  of 
Overhead  Account,  containing  the  overhead  expense 
md  stock  account;  a  Road  Ledger,  in  which  are 
charged  road  expenditures  proper;  a  Bridge  Record, 
for  bridge  expenditure,  and  an  Engineering  Account. 
The  Overhead  Account  is  a  bound  book,  with  columns 
U>  show  the  following  items:  Date,  Name,  Warrant. 
Requisition  No..  Cause  of  Outlay.  Tools  and  Machin- 
ery (subheads.  No.  Units.  Unit  Price.  New  Equipment. 
Maintenance  Old),  Supervision,  Insurance,  Sliscel- 
Janeous. 

The  Stock  Account  should  really  be  a  separate  book, 
but  we  keep  it  in  the  same  book  as  overhead  to  save 
space.  It  comprises  four  columns,  besides  the  date, 
name  of  claimant  and  voucher  number,  namely:  Ma- 
terial or  Supply,  No.  Units,  Unit  Cost  and  Total  Cost. 
If  it  were  carried  in  a  separate  book  it  would  be  more 
convenient  to  head  groups  of  three  columns  with  the 
kinds  of  material  and  supplies  and  place  the  other 
items  as  subheads.  Whenever  anything  is  taken  from 
stock  and  charged  to  a  particular  road  it  is  credited 
in  red  ink  in  the  Stock  Account.  A  column  is  also 
provided  on  the  overhead  page  for  items  allowed  but 
unaccounted  by  the  reports  or  otherwise,  which  we 
hope  in  time  will  disappear. 

The  Road  Ledger  is  divided  into  sheets  for  construc- 
tion and  maintenance,  which  are  arranged  together 
for  each  road  and  placed  alphal)etically  in  the  book, 
according  to  the  road  name.  The  sheets  are  very 
similar  and  are  divided  the  same,  except  that  the  top 
of  the  sheet  is  different.  The  top  of  the  construction 
sheet  shows  Character  of  Country,  Histr>ry  of  Road, 
Bridges,  and  Right  of  Way,  or  Damages.  The  top  of 
the  maintenance  sheet  shows  Brief  History  of  Main- 
tenance, Hi.Htory  of  Traffic.  The  colums  and  headings 
are  as  follows:  Year,  Month.  Section,  Township. 
Range.  Nature  of  Work,  Width    (Subgrade,  Surface). 


Wages  Per  Hour  (Man,  Team,  Foreman),  Work  (No. 
Units,  Unit).  Cost  (Unit,  ToUl),  Material  and  Sup- 
plies. Powder,  Caps,  Fuse,  Lumber,  Steel.  Cement. 
Pipe,  and  Blanks,  all  subheuded  Amt.,  Price.  Total. 
ami  Crand  Total.  Fund.  :.nd  Remarks. 

The  Bridge  Record,  besides  giving  a  description  of 
bridge,  shows  construction  on  the  left  of  the  page  and 
maintenance  on  the  right,  and  is  divided  into  Con- 
struction. Date.  Name  of  Builder,  Cost,  Condition,  Date, 
Nature  of  Repairs,  Date,  Cost,  Repaired  by.  Remarks. 

The  Engineering  Account  shows  the  following 
items:  Date,  Name.  Warrant  No..  Fund,  and  .several 
blnnk  columns  to  be  headed  with  road  name,  and  a 
Total  Column. 
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Concrete    Road    (A)nstruction 
During    Freezing    Tem- 
peratures 

Early  in  October.  1917.  it  was  decided  to  build  a 
concrete  road  from  the  Marine  Corps  Camp  at  Quan- 
tico,  Va..  to  the  main  highway  to  Washington.  It  was 
essential  that  this  work  be  completed  at  the  earliest 
possible  date  and  as  a  consequence  much  of  it  was 
done  during  cold  weather.  The  contractor  for  the 
construction  of  the  marine  camp  carried  out  the  road 
building  under  the  direction  of  Maj.  H.  L.  Roosevelt, 
post  quartermaster  of  the  camp.  C.  L.  Brown,  Senior 
Highway  Engineer  of  the  U.  S.  Bureau  of  Public 
Roads,  was  detailed  to  advise  the  quartermaster  and 
to  look  after  the  engineering.  The  construction  meth- 
ods employed  on  the  road  are  described  by  Mr.  Brown 
in  the  .July  Public  Roads,  to  which  we  are  indebted 
for  the  matter  that  follows: 

The  work  was  started  late  in  October  and  was  com- 
pleted March  13.  1918.  During  this  time  the  ther- 
mometer sometimes  reached  zero  and  below,  and  dur- 
ing a  large  portion  of  the  time  the  temperature  was 
between  zero  and  32  F.  It  was  necessary  to  adopt 
;;ll  possible  measures  to  protect  the  concrete,  both 
during  its  laying  and  curing. 

The  engineering  features  in  connection  with  this 
were  not  unusual.  The  width  was  18  ft.,  the  thick- 
ness at  the  center  8'»  in.,  and  at  the  sides  6  in.  The 
road  is  reinforced  with  a  wire  mesh  reinforcement 
weighing  28  lb.  per  100  sq.  ft.  The  concrete  was 
mixed  in  the  proportions  of  1  part  Portland  cement, 
1 '  -  parts  of  fine  aggregate,  and  3  parts  of  coarse  ag- 
gregate that  consisted  of  washed  and  screened  gravel. 
The  grade  and  alignment  followed  the  old  roadway  as 
nearly  as  possible  and  the  few  short,  steep  grades 
were  reduced  and  some  of  the  excavated  material 
wasted  to  avoid  heavy  fills,  which  would  undoubtedly 
.•^ettle  later  and  cause  bad  cracks  in  the  roadway. 

IMank  Road  for  Traffic. — Investigation  proved  that 
a  giKxi  detour  could  be  provided  to  the  ea.st  of  this 
road,  which  would  allow  the  road  to  be  entirely  closed 
to  public  travel  without  serious  inconvenience.  The 
traffic  incidental  to  the  construction  of  the  road  was 
taken  care  of  during  the  construction  of  the  concrete 
road  by  the  construction  of  a  plank  road  along  the 
side  of  the  highway. 

A  camp  was  constructed  for  housing  the  laborers 
iit  a  point  midway  between  the  two  ends  of  the  road. 
At  this  point  were  also  constructed  the  stables  for 
the  live  stock.  Cement  sheds  were  built  at  convenient 
places  and  filled  with  cement  before  the  pavement 
reached  these  points.  The  storage  of  the  cement  was 
t  sufficient  and  the  necessary  balance  was  hauled 
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by  truck  and  teams  from  Quantico  during  construc- 
tion. 

The  usual  method  of  construction  of  this  kind  of 
work  was  pursued  until  it  became  necessary  to  keep 
the  concrete  from  freezing.  The  work  was  begun  on 
the  end  of  the  road  farthest  from  Quantico  and  con- 
tinued toward  Quantico.  Later,  work  was  started  at 
Quantico  and  carried  on  simultaneously  with  the  other 
work.  For  the  first  two  weeks  after  starting  the  work 
was  carried  on  night  and  day.  It  was  then  decided 
to  abandon  the  night  shift  and  work  only  the  day 
shift. 

About  Nov.  23,  1917,  it  became  necessary  to  adopt 
precautions  against  freezing.  There  was  a  great  deal 
of  delay  due  to  the  difficulty  in  obtaining  from  a  com- 
mercial plant  in  Fredericksburg  sand  and  gravel 
which  they  were  unable  to  wash  during  the  extreme 
cold  weather. 

How  Concrete  Was  Protected. — The  road  was  grad- 
ed and  the  necessary  drainage  structures  built  as  far 
in  advance  as  possible  of  the  concrete  work.  The 
sand  and  gravel  were  delivered  during  construction 
when  they  could  be  obtained,  and  were  hauled  in  and 
dumped  in  rows  on  the  sub-grade  ahead  of  the  mix- 
ture. Care  was  taken  to  deliver  the  materials  in  the 
right  quantities  for  the  concrete  and  avoid  the  haul- 
ing in  of  materials  after  the  work  was  started. 

When  it  was  decided  that  the  work  must  proceed  re- 
gardless of  the  weather,  attention  was  given  to  the 
question  of  protecting  the  concrete,  and  the  follow- 
ing methods  were  adopted:  The  water  was  pumped 
into  an  elevated  tank  and  from  there  flowed  by  grav- 
ity into  a  tubular  boiler,  where  it  was  heated.  In 
dumping  the  sand  and  gravel  in  rows  on  the  sub- 
grade,  plain  sheet  iron  pipe  about  2  ft.  in  diameter 
was  first  laid  on  the  subgrade  and  the  material 
dumped  on  this.  Fires  were  built  in  these  pipes  and 
in  this  way  both  the  sand  and  gravel  were  heated  to 
a  proper  temperature.  These  fires  also  served  to  keep 
the  subgrade  from  freezing  so  that  the  concrete  could 
be  laid  on  an  unfrozen  subgrade.  After  the  materials 
had  been  properly  heated,  mixed,  and  deposited,  the 
finishers  followed  up  the  work  immediately. 

A  mixer  of  2-bag  capacity  was  used  to  mix  the  con- 
crete. This  mixer  had  a  20-in.  revolving  iron  tube  18 
ft.  long  on  the  discharge  end.  This  tube  allowed  a 
much  drier  mixture  to  be  used  and  deposited  the  con- 
crete in  the  best  possible  condition  on  the  roadbed. 
The  mixture  was  held  in  the  mixer  for  one  minute. 
The  strike  board  was  of  a  heavy  plank  cut  to  the 
crown  of  the  road  and  the  wearing  edge  shod  with 
sheet  iron. 

Finishing  Roller  Gives  Good  Results. — At  first  a 
small  wooden  hand  float  was  used  to  finish  the  con- 
crete surface,  but  later  a  Macon  roller  was  used  with 
very  good  results.  The  roller  was  6  ft.  long  and  10 
in.  in  diameter.  It  was  passed  over  the  surface  of 
*he  road  from  one  edge  to  the  other  and  back  again; 
then  advanced  one-half  its  length  and  the  rolling  re- 
peated. This  operation  was  kept  up  until  the  roller 
reached  the  unscreeded  concrete.  After  a  short  wait 
the  rolling  was  repeated. 

After  the  cold  weather  set  in  and  it  became  neces- 
sary to  protect  the  concrete  the  previous  meth- 
od was  used  as  far  as  possible,  but  at  times  it 
was  necessary  to  omit  the  second  rolling  and  cover 
the  concrete  at  once.  The  method  of  covering  the 
concrete  was  as  follows:  Four-inch  by  4-in.  blocks 
1  ft.  long  were  placed  on  the  side  forms  on  each  side 
of  the  road,  and  2-in.  by  12-in.  planks,  20  ft.  long,  were 
stood   on   edge   on  these  blocks  and   spiked  to  them. 


These  planks  spanned  the  pavement  at  as  frequent 
intervals  as  necessary.  On  these  planks  were  placed 
2-in.  by  6-in.  planks  lengthwise  of  the  road.  Over 
these  in  turn  was  spread  a  heavy  canvas  that  covered 
the  top  and  came  over  the  edges  and  rested  on  the 
ground.  Marsh  hay  was  then  spread  over  the  can- 
vas and  banked  against  the  sides,  thus  shutting  out 
the  cold  air.  The  concrete  then  was  covered  until 
danger  of  damage  by  frost  had  passed,  then  the  cover- 
ing was  moved  ahead  and  used  over  again.  Several 
thousand  feet  of  this  pavement  were  in  service  dur- 
ing the  winter.  It  was  covered  with  snow  and  ice  and 
many  auto  trucks  and  light  vehicles  passed  over  it, 
but  in  the  spring  the  surface  showed  no  signs  of  frost 
action. 

Joints  Spaced  Irregularly. — No  attempt  was  made 
at  the  regular  spacing  of  the  joints;  they  were  placed 
from  50  to  150  feet  apart.  The  joint  filler  was  three- 
eighths  inch  thick,  made  up  of  an  asphaltic  strip  which 
extended  entirely  across  the  road.  As  used  at  first, 
the  filler  extended  above  the  surface  of  the  concrete  a 
half  inch,  but  later  the  concealed  joint  was  used.  This 
latter  method  allowed  the  surface  to  be  finished  con- 
tinuously, making  a  smooth  joint.  Where  the  filler 
extended  above  the  surface  it  was  hard  to  get  both 
sides  on  the  same  plane. 

Thawing  Ground  for  Excavating. — Until  the  ground 
became  frozen  it  was  a  simple  matter  to  do  the  exca- 
vating and  grading.  After  the  frost  was  in  the 
ground  it  was  found  by  experiment  that  a  heavy  wood 
fire  built  on  the  ground  would  remove  the  frost  to  a 
depth  of  10  to  14  in.  As  there  was  plenty  of  wood 
to  be  had  for  the  cutting  this  method  was  adopted. 
Logs  were  cut  10  ft.  to  15  ft.  long  and  a  heavy  fire  was 
built  over  the  full  width  of  the  subgrade.  After  the 
frost  was  out  of  the  ground  the  fire  was  worked  ahead 
and  the  excavation,  carried  down  to  the  finished  sub- 
grade.  The  good  supply  of  wood  so  close  at  hand  was 
one  great  advantage  of  this  method  of  softening  up 
the  ground. 

There  was  one  cut  where  the  excavation  was  too 
deep  to  be  taken  out  this  way,  so  holes  were  drilled 
below  the  frost  line  and  the  ground  loosened  up  with 
dynamite. 

The  steam  jet  method  was  tried  but  did  not  give  sat- 
isfactory results. 

The  results  show  that  it  is  possible  to  build  a  con- 
crete pavement  during  freezing  weather,  but,  if  possi- 
ble, it  is  better  to  postpone  the  work  until  warmer 
weather. 


North  Carolina  to  Adopt  Clock  System  of 
Numbering  Highways 

The  clock  system  of  numbering  highways  is  to  be 
adopted  by  the  State  Highway  Commission  of  North 
Carolina.  Under  the  plan  the  court-house  at  the 
county  seat  will  be  the  center.  The  first  road  east  of 
the  north  line  in  each  county  will  be  known  as  road 
No.  1;  the  second  as  road  No.  2;  the  third  as  road  No. 
3,  and  so  on  around  the  county  until  the  north  line 
is  reached.  In  case  there  is  a  branch  road  on  any  of 
these  roads  it  could  be  numbered  1-A  or  3-A,  as  the 
case  may  be. 

With  the  roads  thus  numbered  and  the  county 
m.arkers  up,  every  mile  from  the  court-house  it  will 
be  easy  to  indicate  where  any  work  is  in  progress.  If 
there  is  any  likelihood  of  a  road  being  taken  over  as 
part  of  the  state  system,  even  if  it  is  not  at  present 
included,  that  will  be  given  a  number  also. 
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Bituminous  Surfaces  on  Macadam 
Roads  in  York  County,  Ontario* 

For  our  own  purposes  we  have  divided  bituminous 
surfaces  into  two  classes:  (a)  Surface  mats;  (b) 
Wearing  surfaces. 

It  must  not  be  expected  that  surface  mats  will  bring 
poor  roads  into  good  condition.  They  will,  however, 
keep  a  good  road  from  going  to  pieces. 

Whether  the  road  be  gravel  cr  waterbound  mac- 
adam, it  should  be  well  drained,  well  built  and  prop- 
erly crowned  to  shed  the  water  easily,  as  water  tends 
to  deteriorate  a  bituminous  mat.  If,  however,  the  road 
ha.s  become  worn,  it  should  be  properly  repaired  be- 
fore it  receives  surface  treatment.  If  a  gravel  road, 
by  adding  gravel  and  loam;  if  a  macadam,  broken 
stone  bound  with  bituminous  binder. 

Each  strip  of  road  requires  different  surface  treat- 
ment, depending  upon  the  traffic  it  has  to  carry,  the 
character  of  the  material  used  in  its  construction  and 
its  previous  treatment.  So  you  will  readily  see  that 
methods  described  here  are  only  general,  and  must  be 
modified  to  suit  local  conditions. 

Surface  Mats. — In  a  general  way  our  method  is  as 
follows: 

Fir.<t,  sweep  the  road  with  a  power  broom  and  have 
a  man  with  a  stable  broom  follow  to  clean  off  any  in- 
crustation or  clean  out  depressions  that  the  power 
broom  might  miss. 

If  it  is  the  first  treatment  the  road  is  to  receive  we 
use  a  light  material,  thus  securing  better  penetration, 
and  your  succeeding  treatments  appear  to  revive  the 
bituminous  substance  to  the  depth  of  the  first  pene- 
tration. Some  have  said  penetration  is  not  possible 
or  necessary,  but  we  have  found  it  always  possible 
and  highly  desirable. 

In  mat  surface  treatment  we  only  cover  one-half 
of  the  road  at  one  time.  This  makes  it  possible  for 
cautious  and  careful  teams  and  motor  drivers  to  keep 
out  of  the  bitumen.  When  possible  we  keep  the  trafpc 
off  the  material  for  several  hours,  and  before  the 
traffic  is  allowed  on  the  road  we  sprinkle  the  treated 
surface  with  a  sharp  sand.  Do  not  sweep  back  the 
dust  you  cleaned  from  the  road;  it  absorbs  the  bitu- 
men, whereas  the  sharp  sand  and  pea  gravel  allows  it 
to  penetrate  while  keeping  the  traffic  out  of  the  bitu- 
men. 

The  first  application  will  require  about  ^  n  gal.  of 
bitumen  per  square  yard,  and  it  requires  to  build  up 
the  mat  about  1  cu.  yd.  of  sand  for  each  250  sq.  yd.  of 
road. 

By  having  a  man  follow  the  oil  wagon  with  a  stable 
broom  to  spread  out  possible  puddles  of  the  mate- 
rial, and  by  the  proper  use  of  sand  and  pea  gravel, 
you  can  cut  your  use  of  bitumen  so  as  to  more  than 
pay  for  the  sand.  Last  year  we  cut  down  both  the 
quantity  of  sand  and  the  cost  of  applying  by  equip- 
ping a  couple  of  hoosier  wagons  with  boxes  and  rollers 
underneath  to  spread  the  sand.  We  find,  however, 
that  whether  you  use  spreaders  or  put  the  sand  on 
with  shovels  a  man  must  go  over  the  road  the  next 
day  to  respread  the  sand  where  the  bitumen  has  been 
bleeding. 

The  second  and  succeeding  years  clean  the  road  in 
a  similar  manner,  but  use  a  heavier  material,  which 
may  be  applied  in  less  quantity. 

Y'ou  will  usually  find  that  the  quantity  of  material 

•From  a  paper  by  E.  A.  JampH.  Knitlnoer  County  Hluhwny 
CfmmlimloiKTti.  prexvnted  «t  Ih*  confererce  of  Ontario  Uo«<l 
SupertntendcnlH. 


required  depends  on  the  kind  of  spring.  If  the  snow 
goes  early  and  spring  is  slow  in  coming,  your  bitumi- 
nous surface  will  get  all  chopped  up  and  will  finally 
be  washed  away. 

We  always  apply  our  bituminous  material  hot.  It 
spreads  more  evenly  and  penetrates  better,  and,  of 
course,  if  you  want  penetration,  do  not  apply  when 
the  roads  are  wet.  You  will  have  noticed  this,  how- 
ever, that  your  clean-swept,  firm  roads  are  dry  when 
the  other  roads  are  wet.  These  successive  applica- 
tions will  build  up  a  bituminous  carpet  that  will  take 
both  heavy  and  constant  traffic,  so  that  the  stone  of 
your  road  does  not  wear  down,  and  is,  after  5  years' 
use,  apparently  as  good  as  when  first  placed. 

These  carpets  or  surface  mats  ser\'e  several  distinct 
purposes.  They  prevent  attrition  of  the  road;  the 
lighter  dust  that  blows  over  is  held.  They  form  an 
elastic  cushion  for  the  traffic  and  prevent  the  removal 
of  the  binder  from  the  gravel  or  stone. 

RituminouH  Wearing  Surfaces. — While  we  have 
many  miles  of  surface  treated  roads  that  were  eco- 
nomical to  build  and  cheap  to  maintain,  there  has  been 
F.  disposition  to  experiment  with  a  type  of  road  that 
vould  not  require  annual  surface  treatment.  We 
thought  at  one  time  we  could  keep  our  roads  up  to 
standard  by  surface  treating  every  other  year.  This 
we  found  was  very  poor  economy,  so  we  took  up  the 
question  of  a  semi-permanent  bituminous  surface. 

Our  first  venture  was  with  a  bituminous  macadam 
penetration  method,  and  each  year  since  1914  we  have 
added  a  limited  mileage  of  this  type  of  pavement  to 
the  system.  The  base  is  built  as  for  waterbound  mac- 
adam, but  with  less  crown.  Then  114-in.  stone,  vary- 
ing in  depth  from  2'  -  in.  to  3'  -  in.,  is  carefully  spread, 
and  into  this  hot  bitumen  is  sprayed  at  the  rate  of 
1 -Vi  ga!.  per  square  yard.  This  is  then  sprinkled  with 
'j-in.  stone  chips  and  the  road  consolidated.  As  a 
seal  coat  this  surface  is  then  sprayed  with  a  lighter 
bitumen  and  again  sprinkled  with  stone  chips. 

The  wearing  surface  thus  presented  is  good  for 
some  4  or  5  years,  when  it  will  have  to  be  again  sur- 
face treated  with  the  light  bitumen  and  fine  stone. 

Four  years  of  testing  surfaces  of  this  type  leads 
us  to  believe  that  under  certain  conditions  this  sur- 
face is  most  satisfactor>-,  but  if  the  traffic  is  very 
heavy  and  intense  a  higher  type  of  road  may  be  re- 
quired, and  perhaps  we  have  this  in  the  bituminous 
macadam  mixed  method,  which  was  used  in  1917  in 
reconstructing  Dundas  St.,  now  known  as  E:Aton  Road. 
This  road  was  built  in  1909,  having  in  mind,  as  I  take  it, 
the  preponderance  of  iron-tired,  horse-drawn  vehicles, 
j.nd  gave  good  service  until  the  traffic  changed  and 
the  rubber-tired,  self-propelled  vehicles  became  almost 
the  only  traffic.  For  this  new  condition  the  bitumi- 
nous surface  mixed  method  was  adopted. 

In  review  our  experience  in  York  has  been  as  fol- 
lows: We  commenced  by  sprinkling  with  light  bitu- 
men ;  we  then  went  to  heavy  bitumen ;  to  penetration 
methods;  to  mixed  methods,  and  let  me  close  by  say- 
ing I  believe  that  for  75  per  cent  of  our  county  roads 
we  are  going  to  use  waterbound  macadam  or  gravel 
roads  with  heavy  surface  treatments. 
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Granite  Paving  Block  Production  in  1917. — Granite 
paving  block  production  in  1917  was  i:i  per  cent  be- 
low that  of  the  previous  year,  according  to  statistics 
collected  by  the  U.  S.  Geological  Survey.  In  1917, 
39,987.000  paving  blocks  were  produced,  while  in  1916 
the  production  amounted  to  45,961,000  blocks.  How- 
ever, the  average  price  in  191G  was  $50.73  per  1,000 
as  compared  with  $57.63  in  1917. 


150 


ENGINEERING   AND    CONTRACTING 


Vol.  50,  No.  6. 


Outagamie    County,    Wisconsin, 

Highway    Contract    Assures 

Contractor    of    Definite 

Profit 

A  new  form  of  contract  is  being  employed  by  Out- 
agamie County,  Wisconsin,  for  the  construction  of  a 
concrete  highway.  The  contract  was  drawn  up  by  Mr. 
Walter  J.  Driscoll,  Assistant  Commissioner  of  High- 
ways for  the  county.  Under  it  the  contractor  is  as- 
sured of  a  conservative  definite  profit  per  mile,  with  a 
possible  chance  of  reward,  if  he  executes  his  work 
.systematically  and  economically.  The  county,  on  the 
other  hand,  is  amply  protected  and  may  profit  by  the 
construction  of  the  road  at  a  minimum  cost. 

During  the  past  three  seasons  the  county  has  been 
constructing  about  20  miles  of  concrete  roads  yearly. 
The  results  secured  in  the  execution  of  these  contracts 
have  been  in  the  main  satisfactory.  However,  the  few 
experiences  with  inexperienced  contractors  have 
forced  the  commissioners  to  the  conclusion  that  a  way 
must  be  found  wherein  they  could  exercise  a  choice  in 
the  selection  of  contractors  who  were  to  handle  their 
future  road  work.  The  few  experiences  in  awarding 
road  contracts  to  the  low  bidder  who  is  inexperienced 
and  who  did  not  possess  sufficient  capital  to  execute 
the  work  systematically  and  in  the  minimum  length  of 
time  have  proved  so  unsatisfactory  that  it  was  decided 
to  enter  into  a  new  form  of  contract  for  the  construc- 
tion of  the  Seymour  South  highway  with  one  of  the 
most  successful  and  reliable  contractors. 

This  contract  consists  of  a  plain  concrete  highway,  9 
ft.  in  width,  and  about  4  miles  in  length.  The  contrac- 
tor is  to  furnish  all  machinery  and  equipment,  and  is 
to  give  his  constant  personal  supervision  over  the 
work,  for  the  fixed  sum  of  $900  per  mile. 

The  county  furnishes  the  contractor  with  all  the 
materials  f.  o.  b.  the  nearest  railroad  station. 

The  labor  is  to  be  hired  and  paid  for  by  the  contrac- 
tor, but  twice  monthly  he  is  to  be  reimbursed  by  the 
county  for  all  money  expended  by  him  for  labor.  The 
county's  daily  inspector,  who  is  constantly  on  the  job, 
will  act  as  timekeeper  of  the  labor  employed  by  the 
contractor,  and  will  render  daily  reports  covering  same 
to  the  office  of  the  county  highway  commissioner. 

Attached  and  forming  a  part  of  this  agreement  is  a 
preliminary  estimate  prepared  by  the  county  highway 
commissioner  as  to  the  labor  cost  of  the  contract  based 
upon  the  county  highway  commissioner's  estimate  of 
the  labor  cost  per  mile.  The  contractor  is  to  receive 
a  bonus  for  any  saving  made  by  his  keeping  the  total 
labor  per  mile  cost  under  the  estimate.  Likewise  he  is 
to  assume  a  portion  of  the  additional  cost  to  the  county 
in  case  the  expenditure  for  labor  exceeds  the  estimate. 

A  sliding  scale  of  percentage,  covering  both  the 
penalty  and  bonus  clauses,  has  been  arranged.  The 
aim  in  so  doing  was  to  increase  the  percentage  of 
bonus  offered,  based  upon  the  amount  saved.  The  scale 
of  percentage  also  is  increased  as  the  additional  cost 
to  the  county  over  and  above  the  estimate  becomes 
greater. 

On  this  particular  contract  the  county's  estimate  for 
the  total  labor  cost  was  $4,087.20  per  mile.  The  scale 
of  bonus  was  as  follows: 

If  the  contractor  completes  this  contract  for  total 
labor  cost  per  mile  below  the  estimate,  and  ranging 
between  the  sums  of  $3,998.40  and  $4,298.40,  which  is 
the  estimated  cost,  he  is  to  receive  a  bonus  of  20  per 
cent  of  the  saving  effected  by  the  county. 


If  the  total  labor  cost  per  mile  ranges  between  the 
sum  of  $3,700  and  $3,998.40,  he  is  to  receive  a  bonus 
of  40  per  cent  of  the  saving  effected  by  the  county. 

If  the  total  labor  cost  per  mile  is  below  the  sum  of 
$3,700,  he  is  to  receive  a  bonus  of  50  per  cent  of  the 
saving  effected  by  the  county. 

The  penalty  clauses  work  out  in  the  following  man- 
ner: 

If  the  final  complete  labor  cost  per  mile  exceeds  the 
sum  of  $4,298.40,  which  is  the  county's  estimate,  and 
ranges  between  that  amount  and  the  sum  of  $4,598.40, 
the  contractor  is  to  assume  20  per  cent  of  the  addi- 
tional cost  to  the  county  over  and  above  the  estimate. 

If  the  final  complete  labor  cost  per  mile  ranges  be- 
tween the  sum  of  $4,598.40  and  $4,896.80,  he  is  to  as- 
sume 40  per  cent  of  the  additional  cost  to  the  county. 

If  the  final  complete  labor  cost  per  mile  exceeds  the 
estimate  and  totals  any  amount  over  the  sum  of  $4,- 
896.80,  he  is  to  assume  50  per  cent  of  the  additional 
cost  to  the  county. 

The  county  highway  commissioner  also  reserves  the 
right  to  set  the  maximum  wage  that  the  contractor  may 
pay  for  labor  and  teams,  and  still  further  reserves  the 
right  to  discharge  any  or  all  workmen  whom  the  con- 
tractor may  have  employed,  who  prove  unfit  or  incom- 
petent. 


Home  Made  Scraper  for  Spring  Clean  Up 
of  Streets 

A  home-made  horse-drawn  scraper  is  employed  by 
the  city  of  Rochester,  Minn.,  in  the  early  spring  for 
removing  the  winter's  accumulation  of  dirt  from  the 
streets.  The  arrangement  was  described  by  Mr.  J. 
C.  Utton,  City  Engineer,  in  a  paper  presented  before 
the  Affiliated  Engineering  Societies  of  Minnesota. 
The  scraper  is  made  of  a  2-in.  oak  plank,  7  ft.  long 
and  14  in.  high,  with  two  side  pieces  or  runners,  10 
in.  by  14  in.  by  2  in.,  fastened  together  by  means  of 
straps  and  iron  bolts.  A  piece  of  flat  iron  14  in.  x  6 
in.  extending  below  the  plank  1^2  in.  is  bolted  to  the 
front  of  the  plank.  Handles  are  bolted  back  of  the 
scraper  and  a  rope  fastened  to  the  plank,  with  which 
the  operator  pulls  back  the  scraper  into  position  after 
dumping.  The  iron  blade  scrapes  along  the  pave- 
ment, and  immediately  the  handles  are  let  go,  the 
scraper  automatically  dumps  itself.  After  scraping 
the  dirt  in  rows,  the  scraper  is  used  for  piling  it  up, 
after  which  the  pickup  wagons  cart  it  away.  With 
one  team  and  driver  and  man  for  the  scraper,  two 
pickup  teams  and  one  shoveler,  approximately  2,000 
sq.  yd.  are  cleaned  per  hour,  at  a  cost  of  13  ct.  per  100 


Underdrainage  of  City  Pavements 

In  connection  with  its  repaving  program  the  city 
of  Cleveland,  O.,  of  which  Fred  R.  Williams  is  Pav- 
ing Engineer,  has  adopted  standards  for  the  under- 
drainage of  the  streets.  The  standard  drains  are  4- 
in.  vitrified  pipe  laid  behind  and  6  in.  below  the  bot- 
toms of  the  curbs  on  both  sides  of  the  street  for  the 
entire  length  of  the  pavement.  The  trench  or  space 
behind  the  curb  is  filled  with  cinders  for  at  least  1 
ft.  above  the  top  of  the  pipe.  The  drains  are  de- 
signed to  remove  water  to  an  elevation  at  least  2  ft. 
below  the  base  of  the  pavement  and  they  discharge 
into  catch-basin  connections  or  into  sewer  manholes. 
Additional  drains  are  provided  in  streets  where  soil 
renditions  are  known  to  be  unfavorable.  When  spe- 
cal  installations  are  required,  the  necessary  modifi- 
cations of  the  standard  type  are  made  accordingly. 
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Crackinj^  of  Concrete  Roads  and 
Its  l^revention  by  Reinforc- 
ing with  Steel 

The  most  serit-us  defect  in  a  plain  concrete  road 
rlab  is  its  tendency  to  crack.  An  interesting  discus- 
sion of  the  underlyintf  causes  of  this  crackinp.  to- 
gether with  a  description  of  the  methods  used  to  pre- 
vent or  to  control  this  tendency,  is  given  by  Mr.  \V.  B. 
Sawyer,  Jr.,  in  a  recent  issue  of  Western  Kngineering, 
to  which  we  are  indebted  for  the  matter  in  this  article. 
Transverse  ("racks. 

Expansion  of  (."oncrete  Because  of  Change  of  Tem- 
perature.— The  coefficient  of  e.xpansion  of  concrete  is 
(1.0000055  per  degree  F.  For  every  degree  F.  rise  in 
temperature  concrete  will  e.xpand  0.0000055  times  its 
length.  If  the  concrete  slab  were  resting  on  a  friction- 
less  plane  this  movement  would  cause  no  stresses  in 
the  slab,  but  unfortunately  we  do  not  have  any  such 
ideal  conditions.  There  is  a  definite  amount  of  fric- 
tion between  the  surface  of  the  sub-base  and  the  sur- 
face of  the  concrete  slab  above  it.  This  varies  with 
the  kind  of  base  and  the  degree  of  roughness  of  sur- 
face. The  friction  between  the  two  surfaces  resists 
any  movement.  When  movement  does  occur,  the  re- 
sistance of  friction  causes  tensile  stresses  in  the  con- 
crete. When  these  stresses  become  greater  then  the 
tensile  strength  of  the  concrete,  cracks  occur. 

Change  in  Moisture  Content. — Another  cause  of 
cracking,  and  probably  the  most  important  one,  is 
change  in  the  moisture  content  of  the  concrete.  When 
concrete  is  hardened  under  water  or  under  moist  con- 
ditions it  expands  slightly.  The  expansion  varies 
.somewhat  with  different  mixtures,  and  according  to 
tests  is  from  0.02  to  0.05  per  cent  of  the  length.  When 
concrete  is  hardened  in  air  and  the  moisture  is  evapo- 
rated it  will  contract.  The  shrinkage  may  be  as  much 
as  0.08  per  cent  of  its  length.  To  counteract  this 
contraction  by  an  equal  amount  of  expansion,  because 
of  a  change  in  temperature,  a  rise  of  145  F.  would 
have  to  take  place.  This  is  illustrated  by  the  recent 
statement  of  the  United  States  Bureau  of  Standards 
that  concrete  roads  expand  in  winter  and  contract  in 
summer  because  of  increase  or  decrease  in  the 
moisture  content.  This  shrinkage,  caused  by  the  dry- 
ing of  the  concrete,  occurs  when  the  concrete  is  not 
fully  hardened  and  its  tensile  strength  is  low.  prob- 
ably not  over  50  lb.  per  square  inch;  therefore  the 
stresses  developed  by  only  a  slight  movement  of  the 
slab  at  this  time  will  produce  cracks.  These  are  the 
characteristic  transverse  cracks  which  occur  in  plain 
concrete  pavement  at  intervals  of  25  to  35  ft. 
Causes  of  Longitudinal  Cracks. 

Non-Uniform  Bearing  on  Sub-base. — This  may  be 
the  result  of  unequal  settlement  of  fill  or  similar 
causes.  The  road  slab  i.s  not  designed  to  carry  its  load 
a.i  an  ordinary  floor  slab  or  beam.  If  the  slab  is  left 
unsupported,  either  at  the  center  or  sides,  the  load  im- 
posed will  often  cause  longitudinal  cracks. 

Expansion  or  Contraction  of  Sub-base  Because  of 
a  Change  in  Moisture  Content.— The  most  trouble- 
some sub-base  in  this  regard  is  the  adobe  of  central 
and  southern  California.  This  .soil  absorbs  water, 
causing  considerable  expansion,  then  upon  drying 
shrinkage  takes  place  and  opens  the  familiar  adobe 
cracks.  The  shrinkage  stresses  are  usually  great 
enough  to  cause  cracks  in  plain  concrete  resting  upon 
the  sub-ba.se.  The  supporting  power  of  the  sub  ba.se 
is  the  important  element  in  the  consideration  of  Ion 


gitudinal  crack.s.  Even  with  the  most  careful  con- 
struction methods  it  is  hard  to  get  a  uniform  and 
homogeneous  sub-base  that  is  dependable  as  far  as 
supporting  power  is  concerned. 

Consideration  of  the  various  causes  producing 
cracks  in  unreinforced  concrete  shows  that  the  most 
important  and  most  frequent  are,  first,  shrinkage  of 
concrete  when  hardening,  causing  transverse  cracks, 
iind.  second,  insufficient  support  of  sub-base,  causing 
longitudinal  cracks.  By  increasing  the  tensile  strength 
of  the  concrete  slab  it  has  been  found  that  these  cracks 
can  be  either  entirely  eliminated  or  else  so  controlled 
that  they  are  no  longer  a  serious  defect.  This  in- 
creased tensile  strength  is  gained  by  the  addition  of 
steel  reinforcement. 

Placing  Keinforcing  Steel. 

Prevention  of  Longitudinal  Cracks. — Two  systems 
for  placing  the  reinforcement  are  now  being  used  in 
California  with  success.  The  first  system  is  for  elim- 
inating the  longitudinal  cracks.  The  steel  is  in  the 
form  of  wire  fabric  in  strips  about  5  ft.  in  width  and 
in  length  equal  to  the  width  of  the  road  to  be  paved. 
The  main  or  longitudinal  wires  are  placed  at  right 
angles  to  the  center  line  of  the  road.  The  weight  of 
fabric  varies  from  22  to  35  lb.  per  100  sq.  ft.,  the  aT- 
erage  being  about  31  lb.  The  method  used  in  placing 
the  fabric  is  simple  and  has  been  found  not  to  hinder 
or  retard  the  mixing  and  placing  of  the  concrete.  The 
fabric  is  placed  on  the  job  in  proper  lengths.  These 
strips  are  placed  one  at  a  time  upon  the  prepared  sub- 
base  directly  behind  the  mixer,  between  it  and  the  al- 
ready finished  pavement.  The  concrete  is  then  poured 
in  the  usual  manner  and  allowed  to  flow  over  the 
mesh.  After  the  shovelmen  have  properly  distributed 
the  wet  concrete  to  the  required  thickness  a  small 
hook  is  used  to  raise  the  wires  to  the  center  of  the 
slab.  Care  is  taken  to  make  sure  that  the  steel  is  em- 
bedded approximately  in  the  center,  as.  of  course,  it 
would  be  useless  if  left  resting  upon  the  sub-base. 
Two  extra  men  per  gang  are  needed  for  handling  and 
placing  the  fabric.  This  method  of  reinforcing  has 
proved  satisfactory.  It  eliminates  the  longitudinal 
cracks. 

This  system  of  reinforcing  has  been  used  exten- 
sively by  the  State  Highway  Commission  of  California. 
They  have  found  it  especially  useful  in  preventing 
longitudinal  cracks  in  pavement  that  is  laid  over  adobe 
sub-base. 

Controlling  Transverse  Cracks. — The  second  system 
for  placing  the  mesh  is  designed  to  control  the  trans- 
verse cracks  in  the  concrete  and  to  increase  the  dis- 
tance between  them.  Some  highway  engineers  control 
these  transverse  cracks  by  placing  contraction  joints 
every  25  to  35  ft.  Such  joints  are  the  weakest  feature 
of  the  concrete  pavement.  No  matter  what  type  of 
joint  is  used,  they  must  be  given  frequent  and  careful 
attention  to  prevent  rapid  deterioration  of  the  adja- 
cent pavement.  They  should  therefore  be  separated 
as  far  as  possible.  This  is  accomplished  by  placing 
the  main  or  longitudinal  wires  of  the  reinforcing  ma- 
terial parallel  to  the  center  line  of  the  road.  The 
method  employed  is  similar  to  the  first  system  de- 
scribed, with  this  difference — the  mesh  is  not  cut  into 
strips,  but  is  placed  on  the  job  in  rolls  several  hun- 
dred feet  long  and  of  the  proper  width.  These  rolls 
I'.re  placed  directly  behind  the  mixer.  They  are  un- 
rolled as  the  mixer  is  moved  forward,  thus  making  the 
longitudinal  reinforcement  continuous.  The  concrete 
is  poured  and  the  steel  is  raised  by  hooks  to  the  center 
rf  the  slab  as  in  the  other  system.    Two  or  three  rolls 
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are  used,  depending  on  the  width  of  the  road.  By  giv- 
ing a  .=mall  lap  on  each  width,  reinforcement  at  right 
angles  to  the  direction  of  the  road  is  obtained.  This 
prevents  the  longitudinal  as  well  as  the  transverse 
cracks.  The  advantages  of  this  system  are  obvious. 
It  eliminates  many  expansion  joints,  prevents  longi- 
tudinal cracks,  and  is  somewhat  cheaper  than  the  first 
system.  This  sj'stem  has  been  used  with  great  success 
in  Tulare  County  under  the  direction  of  Byron  Love- 
lace, County  Highway  Engineer.  One  stretch  of  road 
in  particular  is  worthy  of  mention.  In  building  the 
main  highway  near  Exeter  a  great  deal  of  adobe  soil 
was  found  in  the  sub-base.  It  was  therefore  decided 
to  reinforce  the  entire  section.  The  system  described 
above  was  used.  Although  the  contraction  joints  were 
placed  about  600  ft.  apart,  not  a  single  crack  can  be 
found  in  the  mile  of  highway.  Experience  with  this 
system  of  reinforcing  has  shown  that  the  distance  be- 
tween contraction  joints  can  be  made  as  much  as  300 
It.  with  safety,  thus  allowing  joints  to  be  placed  at 
midday  and  at  the  end  of  a  day's  run,  where  the  daily 
run  is  about  600  lin.  ft. 

Cost  of  Reinforcement. — The  cost  of  the  reinforce- 
ment varies,  of  course,  with  the  situation  of  the  work 
and  the  weight  of  reinforcement.  Basing  costs  on 
contract  work  in  central  California  and  with  steel 
weighing  about  30  lb.  per  100  sq.  ft.  of  mesh,  the 
cost  of  the  material  delivered  is  approximately  $1.65 
per  100  sq.  ft.  Adding  to  this  $0.10  per  100  sq.  ft. 
for  hauling  and  placing  gives  a  total  cost  of  $1.75  per 
100  sq.  ft.  for  reinforcement  in  place.  The  cost  per 
mile  for  reinforcing  a  road  15  ft.  wide  is  $1,386.  The 
annual  interest  charge,  therefore,  per  mile  is  about 
$70.  This  annual  cost  is  much  less  than  the  cost  of 
maintenance  and  repair  because  of  the  cracks  in  plain 
concrete  pavement,  and  is  also  largely  offset  by  the 
elimination  of  the  first  cost  of  nearly  all  of  the  con- 
traction joints.  A  light  slab  properly  reinforced  will 
outlast  a  heavier  slab  without  reinforcement.  Al- 
though the  slab  should  be  heavy  enough  to  carry  the 
traffic  safely,  in  cases  where  first  cost  is  of  primary 
importance,  better  results  can  be  obtained  by  using 
a  i-elatively  thin  slab  with  proper  reinforcement  than 
a  slab  an  inch  thicker  without  it.  Under  such  condi- 
tions the  first  cost  is  approximately  the  same  in  both 
cases. 

The  use  of  steel  reinforcement  in  concrete  pave- 
ment is  theoretically  correct,  as  it  furnishes  tensile 
strength  to  the  concrete  and  enables  it  to  resist 
stresses  that  would  otherwise  produce  cracks  and 
which,  even  with  an  asphalt  top,  either  reduce  the  life 
of  the  pavement  or  else  increase  the  expense  for  re- 
pairs. Also  it  furnishes  additional  strength  to  resist 
forces  caused  by  adverse  conditions  in  the  sub-base. 
In  actual  practice,  not  only  in  California,  but  in  prac- 
tically all  of  the  other  states  both  East  and  West,  it 
has  proved  its  efficiency.  Its  use  has  been  demon- 
strated to  be  economically  sound  and  in  the  interest 
of  true  economy. 


Asphalt  Imports  Restricted. — Asphalt  has  been 
placed  on  the  restricted  import  list  by  the  War  Board. 
Imports  for  1918  will  be  limited  to  a  total  quantity  of 
30,000  tons  from  Venezuela  and  32,000  from  the  Island 
of  Trinidad.  All  outstanding  licenses  for  the  impor- 
tation of  asphalt  are  revoked  as  to  shipments  made 
sfter  June  15,  1918.  Allocation  of  the  amounts  per- 
mitted to  be  imported,  regulation  of  the  price  and  oth- 
er details  will  be  arranged  after  conference  with  the 
War  Industries  Board. 


Notes  on  Gravel  Road  Construc- 
tion* 

By  H.  E.  PHELPS, 

Assistant  Professor  of  Civil  Engineering.   University  of  Colorado. 

In  the  extensive  use  of  gravel  in  Colorado,  defects 
in  construction  and  maintenance  have  often  resulted 
in  an  unsatisfactory  road  and  have  given  rise  to  a 
demand  for  a  more  permanent  surface.  On  the  main 
highways  this  demand  is  justifiable,  and  a  more  per- 
manent road  surface  must  be  used.  Where  the  trafltic 
is  not  in  excess  of  500  vehicles  per  day,  a  gravel  road 
carefully  constructed  and  maintained  is  the  most 
economical  and  satisfactory  possible. 

Colorado  has  thousands  of  miles  of  roads  needing 
improvement,  and  is  neither  a  rich  nor  densely  popu- 
lated state.  It  is  all  the  more  necessary,  then,  that 
not  a  dollar  of  whatever  money  is  available  be  wasted 
on  unnecessarily  expensive  roads,  and  that  intelligent 
thought  be  given  to  the  problem  of  providing  the  best 
possible  road  for  the  least  possible  amount  of  money. 
It  is  believed  that  this  result  can  be  secured  in  many 
parts  of  Colorado  by  building  and  maintaining  gravel 
roads  according  to  the  best  practice,  as  outlined  in 
the  following  paragraphs: 

The  first  essential  for  any  kind  of  surfacing  is  a 
well-graded  and  drained  earth  road,  with  no  grades  in 
excess  of  6  or  7  per  cent  if  possible.  The  most  vital 
factor  in  the  construction  of  roads  is  proper  drain- 
age, for  faulty  or  insufficient  drainage  is  responsible 
for  many  of  the  repairs  required  on  old  gravel  roads. 

Gravel. — A  good  road-building  gravel  should  be 
compo.'ied  of  hard  and  tough  stones,  the  proportions  of 
the  different  sizes  being  such  that  the  voids  will  be  a 
minimum,  and  should  contain  enough  binding  material 
to  cement  the  whole  mass  together.  For  best  prac- 
tice, specifications  should  require  67  to  75  per  cent  of 
pebbles  that  will  pass  the  IVs-in.  screen  and  be  re- 
tained on  the  Vs-in.  screen,  with  no  pebbles  longer 
than  1' J  or  2  in.  This  often  requires  crushing  larger 
stones  and  screening  out  excessive  amounts  of  binder, 
refinements  frequently  neglected,  to  the  detriment  of 
the  resulting  road. 

After  the  road  has  been  graded  and  shoulders 
formed,  the  gravel  should  be  applied.  Two  courses 
should  be  used  for  heavy  traffic,  and  no  course  should 
exceed  6  in.  deep  of  loose  measure.  The  gravel  after 
dumping  upon  the  prepared  subgrade  should  be  spread 
to  uniform  thickness. 

Spreading,  Harrowing  and  Rolling. — Usually  the 
gravel  should  be  placed  first  on  the  end  of  the  road 
nearest  the  supply,  so  that  the  teams  will  aid  in  pack- 
ing. The  gravel,  after  spreading,  should  be  frequently 
harrowed,  and  if  as  much  as  100  cu.  yd.  of  gravel  are 
hauled  to  the  road  each  day  one  team  should  be  con- 
tinuously employed  on  the  harrow.  The  importance  of 
thorough  harrowing  can  scarcely  be  overestimated, 
but  it  is  nevertheless  frequently  omitted. 

The  gravel  should  then  be  well  wetted,  either  by 
rains  or  in  Colorado  by  artificial  means.  Water  can 
be  hauled  in  carts  or  pumped  through  a  temporary 
pipe  line  from  some  irrigation  ditch  or  well.  For 
good  results  it  is  essential  that  the  gravel  be  har- 
rowed, that  it  "be  wetted,  and  that  it  be  then  rolled.  A 
power  roller  is  best.  The  grader  or  drag  will  probably 
have  to  be  used  at  times  to  preserve  the  crown,  and 
the  harrow  should  be  kept  running  until  the  teeth  re- 
fuse to  penetrate  the  surface.     Spreading  the  gravel 
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dry  to  a  thickness  of  a  foot  and  leaving  it  for  travel 
to  compact,  as  is  quite  commonly  done,  will  never  give 
a  good  gravel  road,  especially  in  a  dry  climate  like 
Colorado's,  and  is  bad  practice  in  any  locality. 

.Maintenance  of  (iravel  Roads. — To  maintain  a 
gravel  road  in  a  satisfactory  condition  it  must  have 
constant  attention.  With  proper  care  in  the  early 
spring,  followed  by  continued  dragging  after  rains 
and  the  repair  of  little  defects  and  holes,  the  surface 
can  be  maintained  in  a  satisfactory  condition  and 
early  re-surfacing  or  reconstruction  forestalled  at  a 
conse'iuent  saving  in  cost  which  will  more  than  com- 
pensate the  added  cost  of  maintenance.  The  tendency 
in  Colorado  is  to  largely  neglect  maintenance,  on  the 
theory  that  dragging  a  gravel  road  does  no  good,  and 
that  the  patrol  or  continuous  system  of  maintenance 
is  too  expensive.  Dragging  is  often  delayed  until  the 
road  has  dried  after  a  rain,  and  then  is  not  beneficial. 
A  gravel  road  should  be  dragged  during  the  first  few 
months  after  completion  following  every  rain,  and 
afterward  only  after  prolonged  wet  spells  have 
softened  the  surface.  Few  attempts  have  been  made 
to  apply  continuous  maintenance,  or  to  compute  the 
cost  of  frequent  reconstructions  without  continuous 
maintenance,  so  that  the  argument  regarding  the  ex- 
pense of  such  maintenance  rests  upon  scanty  facts. 

Ten  yards  of  gravel  should  be  placed  in  neat  piles 
every  '-  mile  along  the  road,  to  be  used  in  patching 
holes.  This  work  should  be  done  while  the  road  is  wet. 
The  hole  should  be  first  cleaned  out,  and  then  filled 
level  full,  but  no  more,  with  well-compacted  gravel, 
wetted  down  before  being  tamped  into  place.  This 
patching  should  be  as  continuous  as  possible,  and  in 
dry  weather  may  require  sprinkling  the  road  before 
patching  it. 

In  Colorado  the  year  1917  had  a  precipitation  only 
65  per  cent  of  normal,  being  less  than  10  in.  in  many 
localities.  The  spring,  however,  was  wet,  and  lack 
of  proper  dragging  left  many  gravel  roads  with  ruts 
due  to  traflic.  During  the  dry  summer  all  the  dust  and 
loose  binder  on  the  surface  were  blown  away  by  the 
wind,  leaving  a  mosaic-like  surface  of  projecting  peb- 
bles. These  pebbles  were  quickly  displaced  by  traflfic, 
with  the  result  that  holes  and  ruts  speedily  formed 
in  the  surface.  Many  gravel  roads  were  soon  in  such 
condition  that  automobile  traffic  avoided  them  in  favor 
of  unimproved  dirt  roads. 

Such  extreme  conditions  certainly  call  for  the  most 
careful  attention  in  construction  and  maintenance,  in 
orfler  that  the  road  may  always  be  in  the  best  pos- 
sible condition  and  as  capable  as  may  be  of  resisting 
the  disintegrating  effects  of  heavy  traffic  during  a 
prolonged  dry  spell.  It  must  be  confessed,  however, 
that  under  extreme  conditions  of  traffic  and  dryness 
something  additional  must  be  done  to  prevent  rapid 
deterioration  of  well-built  gravel  roads  and  the  prac- 
tical destruction  in  a  short  time  of  poorly  constructed 
ones.  This  additional  work  will  either  have  to  be 
artificial  sprinkling  or  bituminous  surfacing,  or  else 
some  other  form  of  construction  will  have  to  be  em- 
ployed. 

Frequent  sprinkling  of  the  surface  of  a  gravel  road 
in  dry  weather  is  probably  too  expensive  for  general 
use.  even  if  done  by  motor-driven  sprinklers.  It  would 
be  advisable,  however,  to  consider  this  method  in  some 
cases,  as  frequentliy  a  few  days  of  dry,  windy  weather 
will  result  in  so  much  damage  from  heavy  traffic  that 
a  gravel  road  will  need  resurfacing,  a  more  expensive 
procedure  than  the  sprinkling  reiiuired  to  carry  the 
load  intact  over  this  period. 


Bituminous  surfacing  is  being  tried  out  on  the  Lin- 
coln Highway  north  of  Denver,  and  has  been  the  chief 
reliance  in  maintaining  gravel  roads  in  several  states, 
notably  Maine.  An  instance  recently  reported  from 
that  state  shows  that  a  gravel  road  16  ft.  wide  can  be 
maintained  in  good  condition  under  a  traffic  of  over 
1,20»  vehicles  per  day  by  an  annual  treatment  of  4/10 
gal.  per  square  yard  of  Tania  B,  at  a  cost  of  approxi- 
mately $S50  per  mile  per  year.  This  figure  include.s 
the  wages  of  a  patrolman,  who  works  continually  on 
the  road  e.xcept  in  the  winter,  and  cares  for  from  6  to 
8  miles  of  road.  A  patrolman  is  also  provided  on  less 
heavily  traveled  roads  that  are  maintained  by  patch- 
ing and  dragging.  This  amounts  to  $250  per  mile  per 
year,  which  may  be  taken  as  the  minimum  that  should 
be  provided  for  the  maintenance  of  any  gravel  road. 


Form  for  Integral  Curb  Construction 

The  advantages  of  integral  curb  construction  are 
becoming  widely  recognized.  A  form  for  this  type  of 
curb  and  suggestions  for  its  use  are  given  in  a  recent 
issue  of  the  Concrete  Highway  Magazine,  from  which 
the  matter  in  this  note  is  taken. 

In  building  this  curb  some  contractors  have  placed 
their  forms  and  filled  them  at  the  time  of  the  placing 


Detain   of   Curb   Section   and    Form. 

of  the  concrete  for  the  pavement  proper.  The  diffi- 
culty with  such  a  procedure  is  that  the  water  removed 
by  rolling  and  with  the  belt  finds  its  way  to  the  gutter 
line  and  must  be  removed  by  brooming.  However, 
even  with  the  most  painstaking  efforts  some  laitance 
will  remain  along  the  gutter  and  will  subsequently 
check,  resulting  in  a  rough  How  line. 

To  avoid  such  a  condition  many  contractors  are  fol- 
lowing the  plan  of  placing  and  finishing  with  the 
roller  and  first  belt  the  pavement  proper,  then  placing 
their  curb  forms  and  constructing  the  curb.  This  is 
the  method  that  is  recommended,  because  of  the  fa- 
cility in  finishing,  in  removing  the  e.xcess  water,  and 
in  avoiding  any  laitance  effect. 

In  order  that  this  procedure  can  be  followed  it  is 
necessary  that  the  retaining  form  for  the  curb  be 
built  up  in  two  sections,  as  shown  on  the  drawing. 
The  first  section  serves  the  purpose  as  a  side  form  and 
permits  the  roller  and  belt  to  be  operated  over  it. 
After  the  first  belting,  the  second  section  of  this  form 
is  placed  and  the  integral  curb  mold  put  in  position. 

The  only  objectionable  feature  to  such  a  method  is 
that  it  necessitates  wheeling  sufficient  concrete  for 
the  curbs  from  the  mixer  to  where  the  curb  forms  are 
in  place,  but  this  additional  cost  is  offset  by  the  in- 
creased speed  and  facility  which  can  be  attained  on 
curb  finishing  work. 

1) 
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Cost  Keeping   System   of   Seattle 

Street   and  Sewer  Department 

for  Motor  Truck  Operation 

A  very  complete  cost  keeping  system  is  employed 
by  the  Department  of  Streets  and  Sewers  of  Seattle, 
Wash.,  for  recording  the  operation  of  its  motor  trucks 
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Top    Form:     Fig.    1 — Daily    Report   of   Truck   Crew.      IVIiddle:     Fig. 

2 — Daily    Report   for    Driver.       Bottom:      Fig.    3 — Report 

Form    for    Gas    and    Oil. 

Actual    Sizes  of  Forms:     (Fig.    1)    SUxXU    in.,    (Fig.    2)    10x14    in., 
(Fig.   3)   10x11  in. 


and  automobiles.  The  cost  keeping  was  started  in 
1913,  and  the  system  has  been  developed  to  suit  the 
needs  of  the  department.  The  accurate  and  com- 
plete cost  records  obtained  by  the  system,  and  the 
active  co-operation  of  drivers,  mechanics  and  others 
interested,  have  made  it  possible  to  reduce  the  daily 
operating  costs  of  the  trucks  from  $12  to  $15  in  1913 
to  an  average  of  $7.46  in  1916  and  $8.81  in  1917.  At 
the  present  time  the  truck  drivers  are  being  paid  $125 
per  month  and  the  cost  of  material  has  advanced 
from  100  per  cent  to  300  per  cent.  As  a  consequence 
the  truck  operation  is  averaging  between  $10  and 
$11  per  day.  These  figures  include  all  labor,  mate- 
rial and  wages  of  the  drivers. 

Average  figures  covering  the  operation  of  7  trucks 
in  1916  and  9  trucks  in  1917  follow: 

ihk;.         i;)1T. 

Miles    per    day    32.7  33.:! 

Miles    per    gal.    gas 3.71  3.21 

•Mlle.s  per   quart   oil    21.1  16.93 

Tons  per   1  r:p    2.69  3. OS 

Cost    per    ton    $0,367  $0,388 

Cost    per    mile    0.223  0.264 

Cost  gas  and  oil  per  mile    0.029  0.059 

Adages  of  truck  drivers   in    1913,    $90   per   month;    in   1917,    $100 

to  May  1  and  $110  from  then  on.     Drivers  worked  8  hours  per  day. 

The  forms  used  for  the  daily  report  of  truck  crews 
is  shown  in  Fig.  1.  Each  trip  is  recorded  on  this 
form,  together  with  time  and  material,  trips  made 
and  tonnage,  from  which  ton  miles  are  worked  up 
once  each  month,  thus  giving  the  department  a  di- 
rect line  on  the  cost  of  operation. 

Figure  2  shows  the  form  for  the  daily  reports  of 
the  drivers  of  the  trucks  and  the  automobiles.  On 
this  is  recorded  at  the  end  of  each  day  any  trouble 
which  should  be  taken  care  of.  The  report  is  turned 
over  immediately  to  the  head  machinist  who  gives  the 
car  the  necessary  attention,  often  necessitating  an 
hour  or  two  overtime  in  the  evening,  in  order  that  the 
cars  may  be  ready  for  work  the  following  day,  thus 
reducing  to  a  minimum  the  time  that  the  cars  are 
standing  idle.  This  form  is  made  out  with  carbon 
duplicate,  the  latter  being  retained  in  the  machine 
shop,  and  the  original  sent  to  the  main  office. 

Gasoline  and  oil  supplies  for  the  trucks  and  au- 
tomobiles are  obtained  only  from  the  man  in  charge 
of  the  garage  division.  The  form  used  by  him  is 
shown  in  Fig.  3.  All  gas  and  oils  are  immediately 
recorded  on  this  sheet,  together  with  the  speedometer 
reading  at  the  time  of  filling.  All  minor  repairs  and 
adjustments   are  done  in   this   department.     This   di- 


AUTOMOBILE   AND   TRUCK   OPERATION 
Monthly  Summary 


Fig     4— Form    for    Monthly    Summary    of    Automobile    and    Truck        Operation   by   Department  of   Streets  and   Sewers  of   Seattle 

Actual  Size  of  Form  Is  25x17   in, 
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vision  is  handled  by  two  men,  in  two  shifts  of  8  hours 
each.  The  monthly  summary  of  truck  and  automo- 
bile operation  is  recorded  on  the  form  shown  as  FiK- 
4.  The  information  from  this  summary,  in  a  con- 
densed form,  is  sent  to  the  I'ity  Council  each  month. 
A  table  KiviuK  comparative  costs  for  each  truck  for 
the  month  is  made  uj)  from  the  summary  and  posted 
in  the  station  from  which  the  trucks  operate. 

Figure   5   shows   the   form    for  keeping   records   of 
tires.     One  of  these  is  used  for  each  tire.     Bv  means 


Fig.    5 — Form    for    Keeping    Record    ol    Tires. 
.\.lu«l   .'ill.'.    Sx:.   in 

of  these  records  a  complete  history  is  given  of  every 
tire  in  use  by  the  department.  They  are  worked  up 
once  each  month  and  the  total  depreciation  of  the 
four  tires  taken  from  the  four  cards  and  transferred 
to  the  form  shown  as  Fig.  6. 

The    system    includes    several    other    report    forms. 
Two  of  them  cover  major  repairs,  another  covers  work 


TIRC  eOUIFMENT 
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Flg.    C — Form    for    Recording    Depreciation    of   Tires. 
.Arlual  .*<iie.   Sx.".  in. 

in  the  machine  shop.  Forms  for  permanent  records 
of  each  truck  also  are  used.  The  form  showing  the 
repair  cost  of  each  truck  is  made  up  from  the  infor- 
mation on  the  machine  shop  forms  and  on  the  forms 
used  in  the  paint,  blacksmith  and  carpenter  shop. 
The  permanent  operating  record  of  each  truck  is 
compiled  from  the  information  obtained  from  the 
forms  shown  as  Figs.'l  and  3. 

The  system  was  devised  by  Mr.  M.  S.  Meengs,  Chief 
Clerk  of  the  Street  and  Sewer  Department,  of  which 
Mr.  Charles  R.  Case  is  Superintendent. 


Cost  of  .Street  Flushing  at  Rochester, 
Minn. 

The  main  street  cleaning  apparatus  of  Rochester, 
Minn.,  a  city  of  about  10,000  population,  consists  of 
a  horse-drawn,  power  tlusher,  Studebaker  model,  of 
700-gal.  capacity.  The  flusher  is  used  once  a  week 
en  all  residence  streets,  and  three  times  a  week  in  the 
business  district.  During  the  season  April  1  to  Nov. 
1,  1917,  a  total  of  9,5.")7,700  sq.  yd.  were  flushed.  The 
total  cost  of  operation,  according  to  a  paper  presented 
before  the  Atfiliated  Kngineering  Societies  by  J.  C. 
Utton,  City  Engineer,  was  2.'5.y  ct.  per  1,000  sq.  yd. 
per  season.  This  figure  includes  cost  of  gasoline,  oil, 
labor,  repairs  and  water  at  7  ct.  per  100  cu.  ft.  The 
unit  costs  were  as  follows: 
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The     Necessity     of     Engineering 

Siiper\isi()n     in    C^onstniction 

and   Maintenance   of   Earth 

Roads* 

By  H.  ROSS  MACKENZIE, 

•  ■hief    Firlfl    RnKinrrr.    lit-partiiKiil    c'    lliKhuuv.x.    Simkulrheuan. 

The  absolute  necessity  for  engineer  supervision  in 
the  construction  of  so-called  "permanent"  highways 
and  large  bridges  is  quite  apparent  to  the  average 
layman,  but  an  erroneous  idea  is  prevalent  in  Can- 
ada and  particularly  in  Western  Canada,  to  the  effect 
that  no  .'■•pecial  training  or  experience  is  required  in 
order  to  supervise  the  construction  of  earth  roads. 
This  idea  is  one  of  the  greatest  obstacles  in  the  way 
of  securing  better  transportation  facilities  in  the 
prairie  provinces,  and  in  the  following  paper  the 
writer  shall  endeavor  to  present  a  few  of  the  many 
arguments  in  support  of  the  contention  that  the  con- 
struction of  earth  roads  requires  the  supervision  of 
competent  engineers: 

The  term  "construction"  as  used  in  the  heading  of 
this  article,  refers  not  only  to  the  grading  of  a  road, 
but  also  to  the  location  of  required  diversions,  and 
to  the  installation  or  erection  of  the  culverts  and 
small  bridges  necessary  to  provide  proper  drainage 
facilities;  and  in  view  of  the  fact  that  Saskatchewan 
has  not  a  single  mile  of  "permanent"  highway  con- 
structed in  its  rural  area,  this  article  applies  gen- 
erally to  all  road  construction  work  in  the  province. 

Road  building  is  divided  into  two  parts,  the  the- 
oretical and  the  practical,  the  one  pertaining  to  the 
engineer,  the  other  to  the  foreman  or  contractor.  The 
engineer's  duty  is  to  design  the  road,  having  regard 
to  cross-sections,  gradients,  alignment  and  drainage, 
whereas  the  duty  of  the  foreman  or  contractor  in- 
volves the  direction  of  labor  in  an  efficient  manner. 

We  are  still  largely  dominated  in  Canada  by  the 
belief  that  any  ordinary  capable  man.  possessing  the 
necessary  energy  and  ambition  can  do  the  work  which 
should  be  done  by  a  trained  scientist.  This  belief  is 
the  direct  result  of  rapid  immigration  to  a  country 
whose  resources  are  abundant  and  where  the  absence 
of  competition  has  enabled  men  lacking  in  scientific 
education  to  succeed  in  spite  of  crude  and  wasteful 
methods.  This  stage  in  the  development  of  the  prairie 
provinces  is  now  passing;  specialists  in  the  various 
trades  and  professions  are  coming  into  prominence, 
and  the  public  is  beginning  to  realize  that  in  road 
building,  as  in  other  construction  work,  the  skill  of 
the  .specialist  is  required.  This  awakening  is  largely 
due  to  the  fact  that  although  considerable  sums  are 
annually  expended  on  road  improvements,  the  rate- 
payers of  the  various  municipalities  find  that  the 
roads  leading  to  their  market  centers  are  still  in  un- 
satisfactory  condition. 

The  economic  necessity  of  properly  supervising 
the  expenditure  of  funds  for  road  construction,  is 
well  emphasized  in  a  paper  written  by  Adolph  Ed- 
wards, who  has  had  15  years'  experience  in  road  im- 
provement work  in  F'lorida.  Mr.  Edwards  states  that 
of  the  $,'?00.000.0(I0  spent  on  road  improvement  work 
in  the  I'nited  States  in  1916,  one-third  was  wasted. 
He  added  that  "this  condition  is  the  fault  of  the  tax- 
payers primarily;  they  have  not  called  for  business- 
like  administration    and    they    have   not    received    it. 
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The  pressing  road  problem  of  the  country  today  is 
not  so  much  to  provide  money  for  our  highways  and 
byways  as  it  is  to  awaken  the  average  taxpayer  to  a 
knowledge  of  the  business  side  of  the  work  for  which, 
he  is  contributing  so  liberally;  that  he  may  enlist 
the  help  of  the  ablest  business  men  and  the  services 
of  competent  engineers  in  carrying  it  on.  There  is  no 
question  as  to  the  correctness  of  the  statement,  the 
expenditure  of  road  funds  and  the  direction  of  road 
work  by  men  of  special  training  for  the  work  is  very 
often  the  exception  rather  the  rule.  Many  a  county 
has  spent  enough  money  to  have  good  roads,  but  have 
poor  roads,  because  that  money  has  not  been  ju- 
diciously expended.  It  is  not  a  question  of  dishon- 
esty in  most  cases,  but  of  incompetency. 

The  startling  statement  made  by  Mi-.  Edwards  re- 
garding the  waste  of  public  funds  on  road  improve- 
ment work  in  the  United  States,  as  a  result  of  the 
lack  of  business-like  administration  and  engineer- 
ing supervision,  is  confirmed  by  Mr.  Paul  D.  Sar- 
gent, who  held  the  position  of  assistant  director,  U. 
S.  Office  of  Public  Roads,  at  the  time  when  he  made 
a  statement  to  the  Third  International  Road  Congress 
held  in  London,  England,  in  1913,  to  the  eifect  that 
during  the  period  1904  to  1913,  practically  $1,000,- 
000,000  of  local  revenue  was  expended  through  the 
agency  of  2,900  county  officials  and  19,000  township 
officials,  with  little,  if  any,  permanent  improvements 
resulting.  We  are  safe  in  assuming  that  municipal 
officials  in  Canada  are  no  better  fitted  to  supervise 
road  construction  work  than  are  the  local  municipal 
officials  of  the  republic  to  the  south  of  us,  and  any 
person  familiar  with  road  construction  problems, 
traveling  through  our  provinces  can  see  instances  on 
every  hand  where  considerable  funds  have  been  ex- 
pended without  obtaining  tangible  results. 

Common  Errors  of  Location. — During  the  6  years 
that  the  writer  has  been  connected  with  highway  im- 
provement work,  he  has  had  the  privilege  of  exam- 
ining a  great  deal  of  road  construction  in  the  various 
parts  of  this  province,  and  reference  should  now  be 
made  to  the  most  common  classes  of  errors  which 
have  been  observed  and  which  are  due  to  lack  of  en- 
gineering supervision. 

The  most  frequent  error  in  road  construction  work 
in  this  province  is  the  adherence  to  road  allowances 
when  suitable  grades  can  not  be  obtained  or  where 
the  cost  of  improvements  is  excessive.  Many  thou- 
sand dollars  are  wasted  every  year  on  this  class  of 
road  construction  and  in  addition  to  the  actual  cost 
of  such  work  there  are  accumulating  losses,  due  to 
restricted  tonnage  and  excessively  high  maintenance 
charges.  Many  such  roads  in  this  province  have 
grades  of  from  10  to  11  percent  and  eventually  they 
are  abandoned  in  favor  of  new  locations  where  good 
grades  can  be  obtained,  often  with  the  expenditure 
of  a  less  amount  than  was  wasted  in  attempting  to 
adhere  to  original  location.  Had  engineering  advice 
been  obtained  before  construction  was  undertaken,  a 
profile  of  original  road  allowance  could  have  shown 
that  suitable  grades  were  not  obtainable. 

When  it  has  been  decided  to  abandon  the  regular 
road  allowance  at  some  particular  point,  unskilled 
road  builders  often  make  grave  errors  in  locating  di- 
versions. These  errors  are  largely  due  to  disregard 
of  natural  topographical  features. 

Mistakes  as  to  Culverts  and  Bridges. — The  construc- 
tion of  culverts  and  bridges  of  insecure  design,  un- 
suitable type  of  insufficient  capacity,  constitutes  one 
of  the  most  serious  errors  in  road  construction  work, 
performed    under    the    supervision     of     men    lacking 


technical  education.  Errors  of  this  nature,  apart 
from  being  a  waste  of  public  funds,  sometimes  result 
in  serious  accidents.  Numerous  motor  cars  have  been 
wrecked  and  many  valuable  horses  killed  as  a  result 
of  defective  culvert  and  bridge  construction. 
"  The  designer  of  culverts  and  small  bridges,  not  only 
requires  a  knowledge  of  the  strength  of  materials, 
but  should  be  able  to  calculate  the  maximum  run-off 
from  a  catchment  basin  in  cubic  feet  per  second  in 
order  to  determine  intelligently  the  drainage  ca- 
pacity required.  The  installation  of  culverts  and 
bridges  of  insufficient  capacity  not  only  results  in  the 
loss  of  the  structures  themselves,  but  invariably 
means  considerable  loss  of  embankment  and  serious 
inconvenience  to  the  traveling  public.  The  determi- 
nation of  the  most  suitable  type  of  culvert  or  small 
bridge  requires  considerable  engineering  experience. 
We  find  frame-bent  bridges  on  marshy  ground  and 
over  swift-flowing  streams,  concrete  bridges  with- 
out the  necessary  foundation  to  prevent  heaving,  and 
deck  spans  where  the  height  of  embankment  requires 
a  concrete  or  corrugated  iron  culvert.  Grave  errors 
in  location  of  culverts  and  bridges  are  also  prevalent. 

Errors  from  Lack  of  Profiles. — The  lack  of  contin- 
uous fall  in  side  ditches  is  a  serious  error  in  road 
construction  work.  Often  the  ditches  are  dug  deeper 
at  the  lower  points  because  more  material  is  required 
to  make  the  fill.  The  resulting  pools  saturate  the 
foundation  of  the  road  and  heavy  traffic  will  then 
cause  the  road  surface  to  become  badly  rutted.  Pro- 
files of  all  ditches  should  be  prepared  in  order  to  se- 
cure continuous  flow  to  the  point  of  outlet  whenever 
possible. 

Another  error  due  to  the  absence  of  profiles  for 
the  guidance  of  road  foremen,  is  the  improper  deter- 
minations of  the  point  at  which  the  assumed  grade 
line  intersects  ths  natural  surface  of  the  hill,  in  order 
to  given  an  economic  balance  between  cut  and  fill.  The 
writer  has  observed  many  instances  where  excavation 
was  commenced  at  a  point  too  near  the  foot  of  a  hill, 
with  the  result  that  when  the  road  was  properly  im- 
proved part  of  the  original  excavation  had  to  be  re- 
filled. The  construction  of  grades  of  uniform 
height  across  periodically  flooded  areas  as- 
sumed to  be  level,  but  which  in  reality  present  differ- 
ence of  elevation  of  .two  or  more  feet  and  vice  versa, 
the  construction  of  grades  of  varying  height  across 
low  areas  of  almost  uniform  elevation,  are  further 
evidences  of  the  necessity  of  cross-sectioning  road 
construction  work,  in  order  to  prevent  waste  of  ma- 
terial and  unsatisfactory  results. 

Improper  Use  of  Side-Borrow  and  End-Haul. — One 
of  the  principal  errors  of  an  economic  nature  is  "side 
borrowing"  in  cases  where  "end-haul"  would  be 
cheaper  when  the  general  improvement  of  the  road  is 
considered,  and  vice  versa,  the  construction  of  a  fill 
by  "end-haul"  when  "side-borrowing"  would  be  more 
economical.  The  writer  once  observed  a  road  fore- 
man who  had  several  years'  experience  in  railway 
construction  work  undertake  the  building  of  a  fill 
across  a  U-shaped  ravine  by  side-borrowing  in  the 
bottom  of  the  ravine.  When  the  fill  got  so  high  that 
he  was  unable  to  continue  this  method,  he  resorted 
to  the  proper  method  of  excavating  on  each  bank,  and 
depositing  the  material  in  the  fill.  Before  the  fill  at- 
tained the  required  height  the  side  slopes  extended 
so  as  to  completely  fill  the  borrow-pits.  The  lack 
of  economy  in  making  an  excavation  for  the  purpose 
of  refilling  it,  is  apparent.  This  foreman  had  been 
accustomed  to  following  the  grade  .stakes  set  by  an 
engineer,  but  when  thrown   upon  his  own  resources 
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he  was  entirely  incapable  of  constructing  a  road  in 
an  economical  manner;  and  althouKh  the  case  re- 
ferred to  may  be  a  particularly  striking  example  of 
this  class  of  error,  still,  numerous  cases  exist  where 
an  unusually  great  waste  of  funds  resulted  from  the 
adoption  of  the  wronn  method  in  the  construction  of 
a  fill. 

Six  Main  Errors. — Numerous  examples  of  other 
tia.sses  of  errors  mijfht  be  given,  but  it  is  not  the 
purpose  of  this  article  to  exhaust  the  subject  nor  to 
deal  to  any  extent  with  the  features  which  refer  more 
to  the  execution  of  the  work  than  to  the  design.  The 
classes  of  errors  already  referred  to  embrace  the 
most  prevalent  and  outstanding  examples  of  faulty 
road  construction  in  Saskatchewan,  due  to  the  lack 
of  engineering  supervision,  and  these  errors  can  be 
briefly  classified  as  follows: 

(1)  To  rigid  adherence  to  road  allowances. 

(2)  Disregard  of  topography  in  relocation. 

(3)  Improper  location  and  construction  of  culverts 
and  small  bridges. 

(4)  Ill-designed   ditches. 

(5)  Naked-eye  levelling  of  heavy  cuts  and   fills. 

(6)  Improper  use  of  "-;ide-borrow"  and  "end-haul." 
Road  Super\i.sors  Should  Be  Trained   Engineers. — 

It  is  true  that  there  are  many  good  road  builders  who 
have  not  graduated  from  technical  schools,  but  these 
are  exceptional  and  their  experience  is  restricted  to 
a  narrow  line  of  work,  and  their  usefulness  is  cur- 
tailed by  their  limited  education.  Outside  the  range 
of  their  experience  they  have  to  depend  on  analogy 
and  in  .so  far  as  their  education  is  incomplete  they 
lack  in  efficiency.  In  the  opinion  of  the  writer,  a 
thorough  technical  education  is  primarily  necessary 
to  properly  equip  a  man  as  a  road  designer  and 
builder.  A  general  knowledge  of  the  principles  of 
engineering  practice  can  be  obtained  by  field  experi- 
ence, but  an  education  obtained  in  this  manner  has 
certain  restrictions  to  which  reference  has  already 
been  made.  Having  received  a  technical  education 
preferably  by  a  systematic  course  of  training  in  an 
engineering  school,  years  of  practical  experience  on 
highway  work  is  desirable,  if  not  essential,  to  pro- 
duce the  proper  balance  between  theory  and  prac- 
tice. The  personal  characteristics  of  the  individ- 
ual largely  determine  his  prominence  in  this  as  in 
any  other  profession,  but  generally  speaking,  it  may 
be  said  that  road  supervisors  should  be  engineers 
first  and  highway  engineers  afterwards. 


Engineer  Officers  Wanted 

Another  examination  will  be  held  in  the  near  future 
for  commissions  in  the  Engineer  Reserve  Corps.  Ap- 
plications will  be  received  from  men  engaged  in  the 
active  practice  of  the  engineering  profession.  The 
age  limits  are:  For  the  grade  of  first  lieutenant,  32 
to  3fi  years;  for  captain,  36  to  42.  These  limits  may 
be  slightly  increased  or  decreased  in  special  cases, 
except  that  no  one  who  is  within  the  draft  age  will 
be  sonsidered.  The  qualifications  are  an  acceptable 
engineering  training  and  experience,  and  a  physical 
condition  satisfactory  to  the  medical  officers  of  the 
Army.  Application  blanks  can  be  obtained  from 
Chief  of  Engineers,  United  States  Army,  Washington. 
If  accepted  for  examination,  the  applicant  will  be  no- 
tified when  to  appear  before  a  traveling  examining 
boafS,  which  is  now  making  a  tour  of  the  country. 


Tar     Treatment    of    Gravel    and 
Macadam   Streets  at  Still- 
water,  Minn. 

During  1917  the  city  of  Stillwater,  Minn.,  applied  a 
tar  treatment  to  7  miles  of  gravel  and  waterbound 
macadam  streets  at  a  cost  of  10  ct.  per  square  yard. 
The  work  was  described  by  Mr.  G.  F.  Barstow,  City 
Engineer,  in  a  paper  presented  at  the  annual  meeting 
of  the  Minnesota  Surveyors'  and  Engineers'  Society, 
from  which  the  following  notes  are  abstracted: 

A  good  many  streets  were  rough  and  full  of  holes  and 
these  had  to  be  repaired,  which  was  done  by  filling  the 
holes  with  gravel  and  thoroughly  rolling  it  with  a 
15-ton  roller.  Where  a  street  was  rutted  or  badlv  out 
of  shape  it  was  given  a  coat  of  gravel  about  3  in.  thick 
and  rolled  in.  On  some  streets  where  there  were  not 
too  many  holes  no  patchwork  was  done,  this  being 
'eft  until  the  tar  had  been  spread. 

The  tar  was  distributed  by  a  spreading  truck.  Be- 
fore the  spreading,  however,  the  streets  were  thor- 
oughly cleaned  of  all  dust  and  dirt,  leaving  the  stone 
expnspd  as  much  as  possible.  The  tar  was  then  ap- 
plied in  two  coats.  One  coat  was  put  down  on  one 
side  of  the  street  and  the  other  side  left  open  to  traffic. 
After  that  coat  had  laid  about  24  hours,  to  give  it  a 
chance  to  thoroughly  soak  into  the  street,  the  second 
coat  was  applied  and  immediately  covered  with  sand, 
enough  sand  being  put  on  to  completely  cover  all  black 
spots.  Men  were  kept  along  the  street  and  as  fast  as 
the  black  showed  up  through  the  sand  the  spots  were 
covered  with  more  sand.  The  surplus  tar  would  settle 
in  the  low  places,  and  by  keeping  the  spots  where  it 
soaked  up  through  the  sand  well  covered  it  had  a  tend- 
ency to  level  up  the  low  spots  and  even  up  the  street. 

The  covering  sand  was  screened  from  bank  gravel, 
being  run  over  a  '--in.  screen,  and  was  then  hauled  to 
the  street  and  deposited  in  piles  along  the  gutters  and 
f-pread  with  a  shovel.  One  cu.  yd.  of  covering  sand 
covered  about  112  sq.  yd.  of  street. 

As  soon  as  the  street  was  covered  with  sand  it  was 
thrown  open  to  traffic  and  the  other  side  was  treated 
in  the  same  manner.  The  traffic  did  not  pick  the  ma- 
terial up  once  it  is  covered  with  sand,  but  ironed  it 
down,  and  the  more  traffic  it  got  the  smoother  the 
street  became.  A  mistake  was  made  on  the  first  job 
by  taking  the  covering  sand  from  the  road  gravel  pit; 
it  contained  too  much  clay,  which  powdered  up  and 
soon  became  dusty.  The  covering  sand  should  be  as 
clean  as  is  possible  to  get,  and  about  a  week  after  the 
street  is  treated  it  should  be  swept  clean  so  as  to  get 
rid  of  all  the  surplus  sand  that  is  not  hound  in  by  the 
tar.  If  the  surplus  sand  it  left  it  will  soon  grind  up 
jind  become  dusty. 

The  patching  was  done  in  the  following  manner: 
G  bbl.  of  Tarvia  K.  P.  was  mixed,  1  bbl.  to  2  yd.  of 
gravel,  in  a  mortar  box  in  the  same  manner  as  if  mix- 
ing a  cement  mortar.  The  mixture  was  hauled  on  a 
wagon  along  the  street  and  enough  deposited  in  each 
hole  to  fill  it  heaping  full.  One  man  went  ahead  of 
*he  wagon  with  a  stiff  broom  and  swept  the  holes  clean 
and  the  steam  roller  followed  the  wagon  and  rolled 
the  mixture  into  the  holes,  where  it  hardened,  and  in 
two  days'  time  a  person  could  not  find  where  the 
patches  had  been  made.  Not  over  a  10-ton  roller 
shoulrl  be  used  for  this  work.  Very  good  results  were 
obtained  by  merely  tamping  the  mixture  into  the  holes. 
The  cheapness  of  this  method  lies  in  the  fact  that  it  is 
necessary  only  to  use  enough  of  the  mixture  to  fill  the 
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holes  and  it  will  not  sluff  out,  and  where  a  person 
would  probably  use  a  whole  load  of  gravel  to  patch  a 
hole  in  an  ordinary  gravel  road  a  few  shovelfuls  of 
this  mixture  will  do  the  trick. 


General  Limiting  Test  Values  for  Broken 
Stone 

To  interpret  the  results  of  the  physical  tests  of 
road  building  rock  the  U.  S.  Office  of  Public  Roads 
has  adopted  the  following  table  of  general  limiting 
test  values  for  broken  stone  for  the  various  types  of 
road  construction. 

This  table  is  printed  on  the  back  of  the  form  used 
by  the  Office  for  reporting  tests.  By  comparing  the 
results  of  the  tests  on  a  sample  of  rock  with  the  lim- 
its .«hown  in  the  table,  a  general  idea  of  the  types  of 
road  construction  for  which  it  is  best  suited  may  be 
obtained.  The  table,  together  with  comments  upon 
the  limits  shown,  is  reprinted  here  from  Bulletin  670 
issued  last  month  by  the  Department  of  Agriculture: 


The  cost  of  machinery  has  gone  up  100  per  cent. 

Iron  and  steel  pipe  used  extensively  on  roads  has 
gone  up  wheji  necessary  to  replace  from  12  to  33  cents 
a  foot. 

Tools  of  all  kinds,  including  shovels,  picks  and 
wheelbarrows,  have  gone  up  100  per  cent. 

Liability  and  compensation  insurance  has  in- 
creased 100  per  cent. 


$280,000,000  Spent  in  1917  on 
Rural  Roads  and  Bridges 

Cash  expenditures  on  rural  roads  and  bridges  in  the 
United  States  in  1917  amounted  to  $279,915,000,  ac- 
cording to  an  article  prepared  in  the  Management 
Branch  of  the  U.  S.  Bureau  Public  Roads  by  Andrew 
P.  Anderson,  Highway  Engineer,  and  printed  in  Pub- 
lic Roads.  To  this  should  be  added  the  value  of  statute 
ond  convict  labor,  which  can  not  be  fixed  to  any  great 
degree  of  accuracy,  but  probably  amounts  to  not  less 


GENF^RAL,    LIMITING    TEST    VALUES    FOR    BROKEN    STONE. 

f Limiting    values ., 

French 
coefficient 
Type   of  construction.  Traffic.'.  of    wear.        Touchness.      Hardness. 

f  Light  5  to  S  5   to  9  10   to  17 

Water-bound  macadam,  plain  or  with  dust  palliative  treatment   -J  Moderate  9  to  15  10  to  18  14    or    over 

[Heavy  16    or    over  19    or    over     17    or   over 

Macadam  with  bituminous  carpet    Light  to  moierate         5   or   over  5   or   over  (-) 

Bituminous  macadam  with  seal   coat Moderate  to  heavy        7    or   over  10    or    over 

(  Light    to   moderate     7    or    over  7    or    over  (-) 

Bituminous    concrete /  Moderate  to  heavy    10    or   over  13    or    over 

Binder  course  for  sheet  asphalt  or  Topeka  type    Any  7    or   over  6    or   over  (-) 

Portland  cement  concrete    Moderate  to  heavy        7    or   over  S    or   over 

Stone    paving    block* An.v  S    or   over  9    or   over       16    or    over 

Broken-stone    foundations     .* 1 

Cement-concrete    foundations    (Do.  3    or   over  3    or    over       8    or    over 

'Light  traffic  is  assumed  as  less  than  100  vehicles  per  day.  moderate  traffic  between  100  and  250  vehicles,  and  heavy  traffic  over 
250  vehicles  per  day. 

"Numerous  tests  have  shown  that  limits  for  hardness  are  unnecessary  if  the  material  possesses  the  required  French  coefficient 
of  wear  and  toughness. 

^Crushing    strength,    20,000    lb.    or    over    per    square    inch,    is    frequenth-   required. 


Cementing  values  should  in  all  cases  show  over  25 
if  material  is  to  be  used  in  water-bound  macadam 
construction. 

Granites,  gneisses,  schists,  sandstones,  and  quart- 
zites  should  not,  in  general,  be  used  in  the  wearing 
course  of  water-bound  macadam  roads.  Shales  and 
slates  should  never  be  used  in  this  connection.  Ce- 
menting value  tests  have  therefore  been  discontin- 
ued on  these  materials. 


Increased  Cost  of  Labor  and  Materials 
in  New  York  State  Road  Work 

In  a  statement  given  out  recently  by  the  Empire 
State  Contractors'  Association  of  Buffalo,  N.  Y.,  the 
following  examples  are  given  to  show  the  increased 
cost  since  war  began  of  various  items  entering  into 
road  contracts  in  New  York  State: 

Freight  has  advanced,  including  the  war  tax,  in 
most  instances  40  per  cent. 

Freight  on  cement  has  increased  50  ct.  a  ton. 

Labor  has  gone  from  15  ct.  to  40  ct.  an  hour  and 
in  some  places  to  50  ct.  an  hour  and  is  then  not  to  be 
got. 

Foremen's  pay  has  increased  from  $20  a  week  to  $40. 

Crushed  stone  has  advanced  100  per  cent. 

Cement  has  advanced  50  per  cent. 

Sand  has  advanced  from  50  to  75  per  cent. 

Concrete  mixers  have  advanced  $1,800  to  $3,500 
with  corresponding  increase  in  repair  parts  costs. 

Railroad  fares  which  must  be  paid  men  in  many 
instances  have  advanced  50  per  cent. 


than  $15,000,000,  thus  making  the  grand  total  expendi- 
ture for  the  year  $295,000,000.  This  total  is  made  up 
of  the  actual  expenditure  of  such  items  as  labor,  mate- 
rials, supervision  and  administration  directly  con- 
nected with  the  construction,  improvement  and  upkeep 
of  our  public  roads  and  bridges,  and  does  not  include 
interest  on  bonds  and  other  outstanding  obligations. 

The  expenditures  on  our  city,  town  and  village 
streets  are  not  included  in  the  above  figures.  How- 
ever, the  expenditures  on  account  of  streets  are  esti- 
mated in  the  article  to  amount  in  round  numbers  to 
$300,000,000  annually. 

From  1904  to  1916  the  average  annual  increase  in 
the  total  rural  road  and  bridge  expenditures  was  about 
10  per  cent  over  and  above  those  of  each  previous 
year.  During  the  years  1916  and  1917,  however,  this 
increase  was  reduced  to  about  2  and  3  per  cent,  re- 
spectively. This,  however,  does  not  signify  any  gen- 
eral decline  in  road  work.  On  the  other  hand,  the  re- 
verse is  true.  The  expenditures  by  or  under  the  con- 
trol or  supervision  of  the  several  state  highway  de- 
partments have  steadily  continued  to  increase.  Thus, 
while  the  total  amount  of  funds  expended  by  or  under 
the  supervision  of  the  state  highway  departments  in 
1917  exceeded  those  of  1916  by  more  than  30  per  cent, 
the  total  expenditure  of  strictly  local  funds  by  the 
local  communities  during  the  same  period  decreased 
10  per  cent. 

The  amount  of  stale  funds  devoted  to  road  and 
bridge  work  continue  to  show  a  large  annual  increase. 
In  1904  11  state  highway  departments  expended  a  to- 
tal of  $2,550,000  far  road  and  bridge  work,  and  in  1914 


(46) 


AuKii>t  7.   191S. 


ENGIXEliRING   AND    CONTRACTING 


159 


31  state  hi^hwav  departments  expended  $24,221,000. 
while  in  1917  every  state  in  the  union  made  some  con- 
tribution to  this  work,  which  amounted  to  a  grand 
total  of  $47,291,000  of  state  funds  as  distinguished 
from  lo.cal  funds.  Furthermore,  the  utilization  of  con- 
vict labor  in  road  work  or  the  preparation  of  road 
materials  under  competent  state  supervision  is  coming 
to  be  a  more  and  more  important  factor,  while  the  em- 
ployment of  statute  labor  or  working  out  the  road  and 
poll  taxes  is  decreasing  from  year  to  year.  In  one- 
half  of  our  states  the  use  of  convict  labor  in  road 
work  under  the  state  direction  or  control  has  defi- 
nitely passed  what  may  be  called  the  experimental 
stage  and  proved  a  success. 

One  of  the  most  notable  features  in  the  increase  in 
the  amount  of  funds  expended  under  the  supervision 
or  control  of  the  several  state  highway  departments 
is  that  relating  to  maintenance.  In  1914  the  several 
state  highway  departments  directed  the  expenditure 
if  $16,343,000  for  maintenance.  In  1916  this  had  in- 
creased to  $18,453,000.  while  in  1917  it  had  grown  to 
$27,648,732.  This  increase  is  in  part  due  to  the  heav- 
ier traffic  and  the  rising  prices  of  labor  and  material.s. 
but  more  largely  to  the  growing  tendency  to  central- 
ize the  control  of  all  our  important  highway  work  un- 
der competent  state  control  or  supervision. 

On  the  other  hand,  the  ever-increasing  demands  on 
our  roads  by  the  present-day  traffic  are  compelling 
more  substantial  improvements  as  well  as  better  main- 
tenance methods,  regardless  of  price  and  conditions. 
The  reasons  for  these  increasing  traffic  demands  are 
readily  apparent.  At  the  present  time  approximately 
5.000.000  motor  vehicles,  of  which  about  10  per  cent 
are  motor  trucks  or  commercial  vehicles,  are  used  on 
our  public  roads  and  streets.  These  motor  vehicles 
represent  a  maximum  potential  traffic  capacity  of  cer- 
tainly not  less  than  1.000.000.000  vehicle  miles  per  day 
and  a  total  horsepower  of  at  least  120.000.000.  Fifteen 
years  ago  all  traffic  on  our  roads  may  be  said  to  have 
been  horse-drawn.  Today,  in  addition  to  the  horse- 
drawn  traffic,  which  is  probably  nearly  as  large  as 
ever  except  in  regard  to  pleasure  vehicles,  we  have 
this  enormous  motor  vehicle  traffic.  Even  in  such  a 
representative  agricultural  state  as  Iowa,  the  average 
of  7-day  counts  recently  made  by  the  Iowa  State  High- 
way Commission  and  Iowa  State  College  (at  47  sta- 
tions in  17  counties)  showed  that  the  horse-drawn 
traffic  formed  less  than  14  per  cent  of  the  total.  It 
can.  therefore,  readily  be  seen  why  the  traffic  demands 
on  the  roads  of  today  are  so  much  greater  than  those 
of  a  few  years  ago. 

The  public  rural  roads  of  the  United  States  at  the 
present  time  have  a  total  length  of  2,457.334  miles,  of 
which  about  296,290  miles  or  12  per  cent  are  improved 
with  some  form  of  surfacing.  The  mileage  of  hard 
surfaced  roads  has  for  a  number  of  years  been  in- 
creasing at  the  rate  of  about  15.000  miles  per  annum. 
During  1917  it  is  estimated  that  this  mileage  was 
somewhat  reduced,  amounting  to  about  14,000  miles. 
Of  this  mileage  about  7.000  miles  were  surfaced  un- 
der state  supervision  and  also  about  5.000  miles  were 
improved  by  grading  or  otherwise.  Thus,  of  the  actual 
road  construction  work  of  a  more  or  less  permanent 
nature  in  the  United  States  last  year,  more  than  one- 
half  was  directly  under  competent  state  supervision. 
In  addition  to  this  work  of  construction  the  several 
state  highway  department-^  also  super\'ised  the  main- 
tenance of  181.000  miles,  most  i>f  which  were  main 
and  truck  line  highways. 


Underground  Study  Prelimin-ary  to  .Street 
leaving 

At  Hartford.  Conn.,  after  the  streets  to  be  paved 
are  decided  upon,  a  study  is  made  by  the  Engineering 
Department  to  determine  whether  or  not  the  wires  of 
the  various  public  serv'ice  corporations  are  provided 
for  by  underground  conduits.  For  this  purpose  so- 
call"d  underground  maps  are  prepared  to  a  scale  of 
20  ft.  to  the  inch.  Such  a  scale  makes  it  necessary  to 
have  a  large  number  of  individual  maps,  but,  on  the 
other  hand,  with  a  smaller  scale  it  would  prove  diffi- 
cult or  impossible  to  show  clearly  all  fif  the  details 
necessary.  These  records  are  made  on  tracing  cloth 
and  the  adoption  of  a  color  scheme  whereby  the  lines 
j!'  the  different  companies  are  always  shown  by  a  cer- 
tain color  makes  them  clearer  than  would  otherwise 
be  the  case. 

When  the  investigation  discloses  the  fact  that  there 
is  no  underground  service  for  a  certain  company,  a 
location  is  worked  out  for  them  and  a  comprehensive 
development  of  the  sub-surface  mapped  out  to  best 
serve  the  needs  of  all  parties  concerned.  By  law,  the 
city  may  order  each  public  service  corporation  main- 
taining overhead  wires  to  place  not  more  than  2  miles 
of  these  wires  in  underground  conduits  each  year. 
The  companies  may  find  it  necessary  to  construct  duct 
lines  in  excess  of  2  miles  in  order  to  accommodate  the 
new  pavements  which  they  usually  prefer  to  do  rather 
than  be  put  to  the  expense  of  replacing  the  pavements 
for  the  installati<)n  at  some  later  date. 

Several  months  previous  to  the  laying  of  the  pave- 
ment, all  public  service  corporations  as  well  as  all 
abutting  property  owners  are  notified  by  mail  to  in- 
stall any  contemplated  new  work  or  to  repair  any  ex- 
isting services  before  a  certain  date.  This  with  an 
object  to  have  all  such  work  out  of  the  way  before 
starting  in  on  the  paving  of  the  street  and  to  prevent, 
as  far  as  possible,  the  tearing  up  of  the  pavement  for 
such  purposes  after  it  is  laid. 


State  Highway  Department  Not  Required  to  Make 
Road  Repairs  in  Boroughs. — The  State  Supreme  Court 
of  Pennsylvania  handed  down  a  decision  last  month 
that  the  State  Highway  Department  cannot  be  forced 
to  rebuild  and  keep  in  repair  that  portion  of  a  road 
taken  over  by  the  state  which  extends  through  a  bor- 
ough. Gettysburg  mandamused  the  state  to  repair 
part  of  an  Adams  County  turnpike  which  the  Highway 
Department  had  acquired,  but  the  Dauphin  County 
Court  held  that  the  state  cannot  be  forced  to  build  or 
repair  a  road  in  a  borough.  An  act  of  1917  provided 
money  for  the  l)uilding  of  roads  along  state  routes 
in  boroughs,  but  the  decision  for  the  necessity  of  such 
work  rests  with  the  department. 


21.771.000  Sq.  Yd.  of  Concrete  Paving  in  1917.— 
Over  21.771,000  sq.  yd.  of  concrete  pavement  was 
pl.-iced  under  contract  in  the  United  States  during 
1917.  according  to  statistics  collected  by  the  Portland 
Cement  Manufacturers'  Association.  Of  the  total  15,- 
333.087  sq.  yd.  were  for  roads,  5,238,062  sq.  yd.  for 
streets  and  1,200.0.30  sq.  yd.  for  alleys. 


Commis-sion  to  Act  in  Civic  Dispute.^. — Representa- 
tives of  Iowa  municipalities  and  public  service  cor- 
porations have  appointed  a  public  utility  commission 
of  five  members  to  act  in  conjunction  with  the  federal 
courts  in  settling  differences  arising  between  munici- 
palities and  their  service  corporations. 
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Gouge   Soft    Spots  Out  of  Concrete 
Pavements 

In  laying  concrete  pavements,  after  the  top  has  been 
surfaced  and  left  to  harden  but  before  the  covering  of 
earth  is  thrown  on,  a  careful  inspection  of  the  surface 
should  be  made.  By  the  time  the  concrete  has  set  long 
enough  to  sustain  a  man's  weight  without  showing, 
small  bright  and  shining  spots  will  be  seen  on  the  sur- 
face. They  may  be  few  and  far  between  or  there  may 
be  a  great  number  of  them.  If  the  inspector  will  in- 
sert his  pocket  knife  into  these  bright  places  he  will 
find  them  soft  in  comparison  with  the  rest  of  the  sur- 
face. It  will  be  found  that  these  soft  spots  are  earth 
or  some  kind  of  clay  or  loam,  or  a  lump  of  sand,  wood, 
coal  or  soft  stone.  All  this  soft  material  should  be 
dug  out,  the  holes  cleaned  and  then  filled  with  fine  and 
rich  concrete,  filling  the  holes  a  little  more  than  full. 
In  spite  of  all  the  care  possible  in  providing  clean  and 
pure  material,  it  is  impossible  not  to  have  some  for- 
eign matter  get  into  the  concrete,  and  the  adoption  of 
the  foregoing  kink  will  prevent  many  a  hole  in  the  sur- 
face of  a  concrete  pavement,  especially  if  the  stone 
constituent  of  the  concrete  is  gravel. — Walter  E.  Em- 
ery, Supt.  of  Highways,  Peoria,  111.,  in  Concrete. 


E.    H.    Jeffries   has    be 


Personals 

appointed   city   engineer   of   Manteca, 


Cost  and  Working  Data  of  Steam  Motor 
Wagons 

In  the  Surveyor  and  Municipal  and  County  Engineer, 
the  County  Surveyor  of  Notts,  England,  gives  the 
subjoined  details  of  the  cost  and  working  of  two  steam 
wagons  purchased  by  his  Highways  Committee: 

Clayton  & 
Burrell.     Shuttleworth. 

Date   purchased    November,  1915  July,  1916 

Cost    with    two    trailers    £800  £850 

Working  period  up  to  March  31,   1917 12  months  8  months 

W^orking  costs —  £.    s.    d.  £    s.    d. 

Wages     144     7     9  123     0     8 

Ccal     80     4     1  60     9     0 

Oil     8  16     9  6     0  10 

Repairs,  tires,  etc 103  10     9  33     7     2 

336  19     4  222  17     8 

Add  depreciation  at  12i^   per  cent    100     0     0  70  16     8 

436  19     4  293  14     4 

No.    days   worked    257  207 

No.    loads    hauled    847  744 

No.    tons    carried    7,513  6,602 

No.    miles  traveled   5,080  3,367 

No.   miles  traveled  loaded   2,540  1,678 

No.   tons  hauled  per  journey   8.87  8.86 

Cost  per  day £1  14s  Od  £1  8s  4i,4d 

Cost    per    mile    3s  5^4d  3s  6d 

Cost    per   10    miles    4.65d  4.75d 

From  this  it  will  be  seen  that  the  cost  of  hauling 
the  material  dealt  with  was  4%d.  (SVo  ct.)  a  mile. 
Wagons  were  bought  on  the  estimate  that  the  hauling 
would  come  within  the  figure  of  5d.  (10  ct.)  per  mile, 
and  despite  increase  of  wages  and  prices  of  materials, 
the  haulage  will  probably  continue  to  be  carried  on 
within  this  rate.  Without  these  two  wagons  it  would 
have  been  impossible  to  carry  out  the  work  dealt  with. 


New  Charter  for  Detroit,  Mich. — The  citizens  of 
Detroit,  Mich.,  by  a  vote  of  32,297  to  4,539  approved  a 
new  charter.  Under  this  the  mayor  is  given  large 
powers  of  control  and  is  directly  responsible  for  all 
branches  of  the  municipal  government.  He  will  have 
authority  to  appoint,  without  confirmation  by  the 
council,  and  for  indefinite  trems,  various  municipal 
officials,  such  as  Commissioner  of  Public  Works,  build- 
ings, parks  and  boulevards,  etc.  The  new  charter  pro- 
vides for  the  initiative,  referendum  and  recall. 


Cal. 

J.  H.  Henry  has  resisned  as  city  manager  of  Gary,  Fla.,  and 
has  Joined   the  Army   Engineer  Corps. 

Edgar  M.  Hoopes,  Jr.,  has  resigned  as  city  engineer  ot 
Wilmington.  Del.,  to  accept  a  position  with  the  Government. 

A.  E.  Hutchison,  municipal  engineer  of  Albuquerque,  N.  Mex., 
has  been  comm.issioned  a  first  lieutenant  of  U.  S.  Engineers. 

Thomas  E.  Laws,  805  N.  20th  St.,  Philadelphia,  Pa.,  has  been 
appointed  assistant  engineer.  Bureau  of  Surveys,  of  that  city. 

J.  H.  lloore  has  resigned  as  city  manager  of  Sault  Ste.  Marie, 
Mich.,  and  for  the  time  being  Wilder  Rich,  city  engineer,  will 
act  as  manager. 

Jack  Charlton  of  Savannah,  Ga.,  has  been  appointed  city 
engineer  of  Brunswick,  Ga..  succeeding  J.  B.  High,  who  resigned 
two  months  ago. 

Harvey  Booth  has  been  appointed  city  manager  of  Glasgow, 
Mont.,  .succeeding  Charles  H.  Blitman.  who  has  joined  the 
Aviation  Corps. 

John  L.  Hyde,  for  the  past  7  years  town  engineer  of  West- 
field.  Mass..  has  resigned  that  position  to  become  an  engineer 
for  the   Emergency  Fleet  Corporation. 

R.  M.  Cooksey.  highway  engineer  of  the  city  of  Baltimore, 
Md.,  has  been  commissioned  ma.ior  of  the  Construction  Division 
of   the    Quartermaster's   Department,    U.    S.    A. 

David  C.  Morrow  has  resigned  as  City  Engineer  of  Wash- 
ington. Pa.,  having  been  commissioned  a  captain  in  the  Sani- 
tary  Department  of  the   U.   S.   Engineer  Corps. 

John  F.  Mullin.  a  civil  engineer  of  Wilmington,  Del.,  who 
enlisted  in  the  aviation  corps  at  the  breaking  out  of  the  war, 
has  been  commissioned  a  first  lieutenant   in   France. 

George  M.  Zimmerman  has  reconsidered  his  resignation  as 
City  Manager  of  Sandusky.  O.,  and  will  continue  m  that  position. 
The  City  Commission  has  advanced  his  salary  from  $3,600  to 
$5,000. 

Captain  Howard  S.  Porter  of  Hartford.  Conn.,  has  been  pro- 
moted to  the  rank  of  major  in  the  301st  Engineers.  He  formerly 
was  chief  draftsman  in  the  Connecticut  State  Highway  Commis- 
sioner's office. 

Allen  G.  Lincoln,  division  engineer  of  the  Victor  American 
Fuel  Co.'s  mine  at  Chandler.  Colo.,  has  been  appointed  assistant 
district  engineer  in  the  Denver  district  of  the  United  States 
forest   service. 

H.  H.  Esselstyn  of  the  firm  of  Esselstyn.  Murphy,  Hanford. 
engineers  and  architects,  has  been  appointed  Director  of 
Public  Works  of  Detroit,  Mich.  At  the  time  of  his  appointment 
Mr.    Esselstyn   was   engineer   for   the   U.    S.    Shipping  Board. 

Charles  LeD.  Gambrill  has  been  appointed  city  purchasing 
agent  of  Baltimore,  Md.,  to  fill  the  vacancy  made  by  the  de- 
parture from  the  city  of  Philip  W.  Tucker,  who  accepted  a  cap- 
tain's  commission    in   the   Quartermaster's   Department. 

O.  E.  Carr  has  resigned  as  City  Manager  of  Niagara  Falls, 
X.  Y..  to  accept  a  similar  position  at  Springfield,  O.,  succeeding 
Mr.  .-Vshburner,  who  has  been  appointed  City  Manager  of  Nor- 
folk. Va  Mr.  Carr  became  Citv  Manager  of  Cadillac,  Mich., 
in  April,  1914.  at  a  salary  of  $3,000  per  year.  In  January,  1916, 
ne  became  City  Manager  of  Niagara  Falls  at  a  salary  of  $5,000. 

Winton  L.  Miller  has  been  appointed  the  first  city  manager 
of  Bethlehem.  Pa.  Mr.  Miller  served  as  executive  secretary 
to  City  Manager  Waite  of  Dayton,  O.,  until  called  to  St. 
Augustine,  Fla..  in  August.  1915.  as  city  manager.  He  resigned 
this  spring  to  accept  a  Government  position  at  Hog  Island.  His 
salary  at  St.  Augustine  was  $3,600  per  year.  It  is  reported  that 
he  receives  as  city  manager  of  Bethlehem  about  $10,000  per 
year. 

A.  R.  Hebenstreit,  county  engineer  of  Tama  County,  Iowa, 
has  been  appointed  city  manager  of  Albuquerque,  N.  Mex.,  at  a 
salary  of  $3,600.  He  succeeds  Paul  G.  Redington,  who  resigned 
to  resume  his  duties  as  District  Forester  in  the  U.  S.  Forest 
Service.  Mr.  Hebenstreit  is  a  graduate  of  engineering  de- 
partment of  Notre  Dame.  In  1913  and  1914  he  was  in  charge 
of  reconstruction  of  yards  and  the  water  system  at  Council 
Bluffs,  Iowa,  for  the  C.  M.  &  St.  P.  R.  R.,  and  also  in  charge 
of  terminal  construction.  He  also  has  been  draftsman  and  ac- 
countant in  railway  valuation  work  for  the  Great  Northern 
Railway.     He  has  been  county  engineer  for  the  past  SVi  years. 


Obituaries 

Dr.  John  Duir  Irving,  professor  of  economic  geology  at  Yale, 
died  of  pneum.onia  in  France,  where  he  was  in  the  engineering 
service   with   the  American   Expeditionary   Force. 

William  L.  Dickinson,  aged  66,  a  good  roads  builder  of  na- 
tional reputation,  and  from  1SS9  to  1S99  superintendent  of  streets 
in  Springfield,  Mass..  died  July  4  at  his  home  in  that  city. 
When  he  was  elected  superintendent  of  streets  in  1889  he  in- 
troduced the  first  steam  roller  into  street  work  at  Springfield. 
He  and  others  were  influential  in  the  organization  of  the  first 
State  Highway  Association  in  1891.  He  was  president  of  it  for 
one  year  and   treasurer  for  three   years. 

James  Wilson,  for  the  past  11  years  County  Engineer  of 
Newcastle  County.  Delaware,  died  July  '-9  at  his  home  near 
Wellington,  aged  CO.  Mr.  Wilson  after  graduating  from  Lafayette 
College  became  the  private  secretary  of  Senor  Cisneros,  a 
wealthy  Cuban  and  railroad  builder.  With  Senor  Cisneros.  Mr. 
Wilson  spent  a  year  in  Europe  and  then  they  went  to  South 
America  where  Mr.  Wilson  spent  10  years,  building  railroads 
in  the  interior  along  the  Magdelena  river.  Early  in  the  project 
Senor  Cisneos  died  and  Mr.  Wilson  became  chief  engineer,  carry- 
ing the  work  to  its  completion.  After  completing  his  work  in 
Soutli  America,  Mr.  Wilson  was  appointed  city  engineer  of 
Wilmington,  Del.  He  later  did  some  work  for  the  Pennsylvania 
railroad  in  Western  Pennsylvania  and  on  his  return  was  again 
appointed  to  the  office  of  city  engineer  from  which  he  resigned 
to  fill   the  office  of  county  engineer,   11   years  ago. 
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Why  Most  of  the  Inventions  for 
War  Purposes  Are  Useless 

Correct  reasoning  on  economic  niatter.s  i.s  not  possi- 
ble in  the  absence  of  quantitative  data.  Probably 
three-fourths  of  all  reasoning  may  be  classed  as  eco- 
nomic. Economy  is  the  judicious  use  of  labor,  other 
energy  and  materials  in  the  attainment  of  a  desired 
end.  It  is  apparent  to  an  engineer,  therefore,  that 
economy  requires  a  knowledge  of  quantities  of  energy 
and  materials  (the  latter  being  the'  '.'products"  of  en- 
ergy). But  to  relatively  few  people  other  than  engi- 
neers and  scientists  is  it  clear  that  correct  economic 
reasoning  is  based  on  quantitative  knowledge.  For 
example,  hosts  of  would-be  inventors  are  flooding  our 
war  department  with  suggested  devices  for  winning 
the  war.  One  comes  with  a  plan  to  snatch  the  guns 
from  the  Huns  with  electromagnets  suspended  from 
balloons.  Another  would  u.«e  magnets  to  deflect  tor- 
pedoes from  an  attacked  vessel.  A  third  would  even 
pull  a  submarine  from  the  depths  with  magnets.  We 
have  selected  these  magnet  schemes  as  an  illustration 
because  they  serve  exceedingly  well  to  show  how  fu- 
tile reasoning  may  be  if  only  qualitative  knowledge  is 
involved  without  adequate  quantitative  knowledge. 

>fagnets  have  the  quality  of  attracting  iron  and 
steel;  and,  based  on  a  knowledge  of  this  quality,  it 
seems  feasible  to  many  inventors  to  perform  feats 
like  those  above  mentioned.  But  a  certain  quantita- 
tive fact  stands  in  the  way  of  the  proposed  achieve- 
ment. A  magnet,  whether  permanent  or  electric,  has 
almost  no  attractive  power  beyond  a  very  limited  dis- 
tance. One  need  not  be  aciiuainted  with  the  com- 
plete mathematical  theory  of  magnetism  (as  given  in 
.^uch  profound  works  as  Jean's  Electricity  and  Mag- 
netism) to  appreciate  how  limited  is  the  field  of  in- 
duced magnetism.  Take  even  a  little  horseshoe  mag- 
net and  observe  its  failure  to  move  a  pin  that  is  half 
an  inch  distant;  and  contrast  that  lack  of  pulling 
power  with  its  relatively  great  pull  when  the  pin  is 
only  an  eighth  of  an  inch  away.  Similarly  as  the  pull- 
ing power  of  the  huge  electro-magnet  used  in  lifting 
great  weights  of  iron  or  steel,  even  the  crudest  ob- 


servation of  the  very  rapid  decrease  of  pulling  power 
^^  ith  increasing  distance  should  make  it  clear  that 
distance  is  a  very  important  factor  in  any  problem 
involving  magnetic  attraction. 

Distance  is  a  quantitative  factor  which  these  quali- 
tative "inventors"  of  magnet  war  schemes  ignore. 
Their  quantitative  ignorance  therefore  dooms  their 
plans  to  failure. 

Analysis  of  a  great  number  of  chimerical  schemes 
of  would-be  inventors  has  made  it  clear  to  the  editor 
that  the  fundamental  error  in  most  of  them  has  oc- 
curred because  the  inventors  lacked  quantitative 
knowledge.  "\  little  knowledge  is  a  dangerous 
thing,"  particularly  when  it  is  purely  qualitative. 

The  ordinary  run  of  men,  even  many  of  those  who 
account  themselves  educated,  fail  to  appreciate  the 
real  power  of  engineering  knowledge  because  they 
fail  to  understand  the  wide  gap  between  mere  quali- 
tative knowledge  and  knowledge  that  is  quantitative 
o.s  well  as  qualitative.  They  know,  of  course,  that 
an  engineer  must  have  quite  an  extensive  knowledge 
of  the  science  of  quantitative  relations,  mathematics, 
but  what  they  do  not  understand  is  that  mathematics 
is  now  applied  in  almost  every  branch  of  human 
knowledge,  and  with  astonishing  results.  Cost  an- 
i. lysis,  strengths  of  materials,  surveys  of  distances 
i.nd  areas — all  such  relatively  simple  applications  of 
mathematics  the  average  man  can  appreciate.  But 
he  begins  to  become  hazy  in  his  conceptions  when 
you  tell  him  that  chemistry  and  electricity  are  now 
very  largel.v  reduced  to  mathematical  laws;  and  that, 
guided  by  such  laws,  engineers  can  predetermine  the 
economic  possibilities  of  a  vast  number  of  "novel" 
ideas. 

One  war  inventor  would  petrify  the  enemy  soldiers 
by  deluging  them  with  portland  cement  grout.  A 
little  (|uantitative  thing  like  the  time  element  in  the 
hardening  of  the  cement — several  hours — makes  his 
scheme  seem  like  a  joke;  but  to  him  the  plan  was 
entirely  serious,  for  all  he  knew  about  cement  was 
its  tjuality  of  hardening  into  rock. 

Showing  how  gullabic  most  men  are  where  an  al- 
leged invention  is  concerned,  take  the  recent  in- 
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stance  of  the  investigation  of  "Garabed"  ordered  by 
Congress.  Here  was  an  inventor  vi^ho  claimed  to  have 
discovered  hovi'  to  "create"  power  by  a  secret  process, 
and  practically  without  cost.  Asked  for  his  cre- 
dentials, he  produced  only  letters  affirming  belief  in 
his  honesty — not  a  letter  stating  that  he  had  the 
slightest  quantitative  education  or  experience  in  the 
matters  relating  to  power  production.  It  never  oc- 
curred to  Congress  that  quantitative  knowledge  is 
essential  in  solving  economic  power  production  prob- 
lems. True,  by  some  inspiration  or  accident  an  ig- 
norant man  might  discover  a  novel  and  economic 
means  of  producing  power.  But  if  time  and  money 
are  to  be  spent  in  investigating  claims  that  are  not 
even  accompanied  by  quantitative  data,  would  it  not 
be  equally  sound  economics  to  investigate  every  old 
housewife's  remedy  for  croup  or  a  cold  in  the  head? 
In  this  connection  it  may  be  pointed  out  that  Con- 
gresses, composed  as  they  are  largely  of  men  having 
very  limited  knowledge  of  applied  mathematics,  in- 
evitably blunder  in  nearly  all  acts  that  involve  the 
solution  of  economic  problems.  And  since  most  of 
their  problems  are  economic,  the  records  of  one  Con- 
gress after  another  are  mostly  records  of  incom- 
petency. Is  it  a  question  of  paying  bonuses  to  men 
working  in  Government  factories?  Congress  does 
not  ask  for  the  economic  or  quantitative  results  of 
bonus  pajTnents  in  other  factories.  Congressmen  can 
reason  out  the  answer  without  bothering  with  "fig- 
ures," and  they  do,  i-esuUing  in  the  uneconomic  pro- 
hibition of  bonus  payments.  Is  it  a  question  of  rail- 
way or  telephone  or  telegraph  operation?  Congress 
seeks  no  data  to  establish  the  economy  of  Govern- 
ment versus  company  operation.  Congressmen  have 
merely  to  look  into  their  own  hearts  to  know  that,  at 
least  during  the  war,  such  utilities  should  be  op- 
erated by  the  Government.  And  so  it  goes.  The  great 
majority  of  important  congressional  decisions  have 
rested  on  mere  qualitative  reasoning,  and  therefore* 
were  almost  as  certain  to  be  erroneous  as  the  reason- 
ing of  the  inventor  who  would  pull  U-boats  from  the 
"vasty  deep"  with  magnets  floating  on  the  surface 
above. 


Is  the  "Per  Consumer"  Unit  More 

Preferable  to  the  "Per  Capita" 

Unit  of  Water  Consumption? 

A  contemporary  contends  that  city  water  consump- 
tion should  be  expressed  in  gallons  per  day  per  con- 
.«umer  rather  than  in  gallons  per  day  per  capita.  It 
is  pointed  out  that  in  some  cities  many  of  the  resi- 
dents secure  their  water  from  private  wells,  and  that 
some  cities  sell  water  to  residents  outside  the  city 
limits.  In  either  of  these  cases  a  city  per  capita 
statement  of  water  consumption  is  apt  to  be  mislead- 
ing. But  if  the  per  capita  unit  is  objected  to  on  such 
grounds,  the  per  consumer  unit  is  equally  objection- 
able on  similar  grounds.  A  factory  is  a  single  con- 
sumer, but  it  may  use  more  water  than  a  thousand 
residential  consumers.  The  city  itself  is  a  single 
consumer,  but  it  may  take  10  per  cent  of  all  the  water 
for  sewer  flushing,  street  sprinkling  and  flushing,  etc. 
■  Unless  industrial  and  municipal  uses  of  water  are 
somewhat  similar  in  two  cities,  and  unless  the  cities 
ai'e  somewhat  alike  as  to  the  per  consumer  areas  of 
lawns  and  gardens,  and  unless  the  rainfall  condi- 
tions are  similar,  and  unless  the  winter  temperature 
curves  are  about  the  same,  the  respective  per  con- 
sumer use  of  water  will  differ  quite  as  much  as  per 
capita  use  commonly  differs. 


Undoubtedly  it  is  wise  to  estimate  water  used  per 
consumer  as  well  as  per  capita,  but  let  it  not  be  sup- 
posed that  any  single  unit  of  water  consumption  is 
very  satisfactory  for  comparative  purposes  unless  all 
conditions  are  proportionately  the  same. 

The  word  "consumer"  needs  definition,  for  it  may 
mean  either  an  individual  who  uses  city  water  or  a 
customer  who  uses  it.  In  the  latter  case  the  num- 
ber of  active  service  connections  is  ordinarily  very 
nearly  equal  to  the  number  of  "consumers."  But  if 
the  number  of  consumers  embraces  all  users  of  the 
city  water,  then  it  becomes  necessary  to  take  a 
periodic  census  of  all  users. 


Inadequate  Water  Rates  Due  to 
Ignorant  or  Unfair  Politicians 

The  average  hydrant  rate  in  America  is  said  to  be 
about  $40  a  year;  and,  as  every  experienced  appraisal 
engineer  knows,  such  a  rate  is  far  below  an  equitable 
amount.  Nevertheless,  whenever  a  water  company 
having  low  hydrant  rates  seeks  to  secure  even  $40  a 
year,  the  City  Council  almost  invariably  fights  the 
increase.  Thus  at  Bloomsburg,  Pa.,  the  water  com- 
pany has  recently  asked  for  only  $25  a  year  per  hy- 
drant, instead  of  the  present  $10  and  $15  rates;  and 
press  reports  state  that  the  City  Council  is  opposing 
the  increase,  but  may  compromise  with  the  company! 

Oh,  ye  wise  and  fair  "city  fathers"  of  Bloomsburg, 
how  well  ye  guard  the  public  treasury!  What  matters 
it  that  the  water  company  modestly  seeks  a  new  rate 
that  is  not  half  what  a  fair  rate  would  be.  Yours  the 
duty  to  bargain  and  haggle,  and  force,  if  possible,  a 
miserable  "compromise"  between  the  $15  that  is  and 
the  $25  that  is  asked.  Small  wonder  that  capital  has 
long  ceased  to  seek  employment  in  the  water  works 
field,  and  is  fast  coming  to  regard  every  sort  of  pub- 
lic utility  as  the  poorest  of  investment  places. 

Instead  of  leaving  rate  matters  to  fair-minded  and 
competent  engineers  and  commissions,  local  poli- 
ticians usually  undertake  to  control  public  utility 
rates;  and  where  the  law  prohibits  such  control,  still 
they  do  all  in  theiy  power  to  make  it  impossible  to 
operate  a  public  utility  at  a  profit.  They  foster  the 
operation  of  jitneys  to  take  the  only  profitable  busi- 
ness— the  short-haul  business — from  the  street  rail- 
ways. They  raise  tax  values  of  utility  companies  far 
above  all  other  values.  They  call  for  extensions  into 
sparsely  settled  territory.  And  in  a  hundred  ways 
reduce  net  earnings,  but  remain  ever  alert  to  pre- 
vent a  utility  company  from  getting  a  fair  return  on 
its  investment.  We  wonder  how  many  of  the  tax- 
payers would  countenance  such  actions  of  their  "rep- 
resentatives" if  they  knew  all  the  facts. 


Drafting  an  Entire  Profession 

The  Government  is  about  to  subject  the  members 
of  the  entire  medical  profession  to  its  orders.  There 
are  140,000  doctors  of  whom  90,000  are  in  active  prac- 
tice. About  23,000  are  already  in  the  service  of  the 
army  and  navy,  but  nearly  50,000  will  be  eventually 
required  for  war  service.  At  first  a  voluntary  en- 
rollment plan  will  be  tried,  but  if  that  is  not  satis- 
factory there  will  be  legislation  providing  for  the 
drafting  of  physicians.  To  engineers  this  step  is  of 
interest,  because  it  indicates  the  Government's  deter- 
mination to  secure  by  law  all  the  needed  professional 
men  if  they  can  not  be  secured  by  voluntary  action. 
There  has  been  no  scarcity  of  engineering  volunteer.? 
as  yet,  and  we  look  for  none.    Indeed,  engineers  have 
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come  forward  to  serve  their  country  faster  and  in 
greater  numbers  than  was  needed.  Nearly  10,000  en- 
gineer otticers  are  now  commissioned  and  in  service. 
This  does  not  include  thousands  of  engineers  not  com- 
missioned, but  working  for  Uncle  Sam.  The  last  U. 
S.  census  showed  100,000  technical  engineers  of  all 
classes.  We  venture  to  say  that  fully  50,000  are  now 
serving  their  country.  It  must  be  remembered  that 
nearly  all  civil,  mechanical  and  electrical  engineers 
on  our  railways  are  now  Government  employes.  Add 
to  these  the  engineers  engaged  by  companies  that 
have  Government  contracts  for  ships,  buildings,  steel, 
etc.,  and  it  becomes  apparent  that  American  engi- 
neers far  outstrip  every  other  civil  profession  in 
numbers  now  serving  their  country. 


Contrast     the    Salaries    Paid    by 

Cities  to  Their  Engineers  With 

Those  Paid  by  Schwab  to 

His  Engineers 

Democratic  governments  are  notorious  for  not  pay- 
ing adequate  salaries  to  the  employes  having  the 
greatest  responsibility — the  planners  and  managers. 
They  willingly — often  too  willingly — raise  the  wages 
of  employes  in  the  ranks,  while  remaining  obdurate 
to  requests  for  higher  salaries  for  men  in  profes- 
sional and  managerial  positions.  Robert  Hoffman, 
Commissioner  of  Engineering  of  Cleveland,  has  said: 

Infortunateiy.  the  personnel  of  the  Sewer  Department  has 
changeU  freiiuently  fron!  one  cause  or  another  »o  that  but  few 
men  have  had  an  opportunity  to  become  thorouehly  acquainted 
with  IoctI  conditions  or  well  versed  In  the  science  of  sewer 
design.  Salaries  tibould  be  adjusted  from  time  to  time  so  as  to 
make  an  inducement  for  competent  engineers  to  remain  In  the 
employ  of  the  city  as  well  as  to  make  the  securing  of  their 
aervk-es  poa»ible.  Engineers  as  a  class  should  be  interested  in 
this  phase  of  the  problem,  as  it  means  proper  recognition  of  the 
profession  and  adequate  reward  for  most  useful  service. 

This  condition  is  typical  and  deplorable.  If  it  is 
ever  to  be  remedied,  Mr.  Hoffman's  suggestion  must 
be  acted  upon.  Engineers  as  a  class  must  interest 
themselves  in  the  problem  of  securing  adequate  sal- 
aries for  engineers  and  managers  employed  by  cities. 
Even  though  they  run  the  risk  of  being  charged  with 
working  for  a  selfish  purpose,  engineers  should  un- 
dertake to  convince  city  councils  and  the  public  that 
it  pays  a  city,  in  the  long  run,  to  employ  the  best  of 
engineers  and  e.\ecutives,  and  that  such  men  can  be 
retained  indefinitely  only  by  those  who  pay  them 
adequately.  Adequately  does  not  mean  the  least  that 
such  men  will  accept  for  temporary  employment,  but 
enough  to  make  a  city  positon  as  attractive  as  a  po- 
sition with  a  prosperous  and  well  managed  company. 

The  public  is  at  present  well  informed  about  that 
great  engineering  executive  and  manufacturer, 
Schwab.  Let  the  public  also  know  something  about 
Schwab's  practice  as  to  the  salaries  of  his  engineers 
and  managers.  No  city  is  likely  ever  to  duplicate  the 
.salary  that  Schwab  pays  to  Grace,  the  president  of 
the  Bethlehem  Steel  Co. — a  million  dollars  a  year — 
but  every  one  in  authority  in  every  city  should  be  told 
that  Grace  is  an  engineer,  and  that  Schwab's  success 
as  a  jnanager  rests  largely  upon  the  liberal  compensa- 
tion that  he  gives  his  ablest  engineers  and  managers. 


Central  States  Water  Works  Convention. — The  next 

annual  ccinventiini  of  the  Central  States  Division  of 
the  American  Water  Wcjrks  Association  will  be  heUl 
Sept.  25-2G  at  Pittsburgh,  Pa.  K.  F.  Bucker,  Shelby, 
O.,  i.s  Secretary  of  the   Division. 

( 


Clipping  Articles  From  Technical 
Journals  for  Filing 

To  the  Editor:  In  a  recent  issue  i>f  Engineering 
and  Contracting  it  was  stated,  in  substance,  that  the 
value  of  a  periodical  to  an  engineer  was  in  direct  pro- 
portion to  the  number  of  articles  clipped  for  preserva- 
tion or  filing.  In  that  I  heartily  agree  and  am  pleased 
to  stale  that  I  find  Engineering  and  Contracting  espe- 
cially valuable  in  that  respect.  There  is  never  an 
issue  from  which  I  do  not  clip  and  file  one  and  gener- 
ally several  articles  Of  especial  interest  and  value. 
They  are  often  articles  I  do  not  find  in  any  of  the 
other  periodicals  that  reach  my  office.  Clippings  so 
made  are  filed  with  other  data  by  the  Dewey  system 
which  I  adopted  some  18  years  ago. 

In  making  clippings  I  find  one  great  (to  me)  defect 
in  the  arrangement  of  substantially  all  periodicals.  I 
refer  to  the  fact  that  important  articles  often  com- 
mence at  any  place  convenient  for  the  publisher  or 
printer,  thus  often  necessitating  not  preserving  an 
.-irticle  of  more  or  less  value  because  a  portion  of  it 
appears  on  the  one  cut  out.  In  the  case  of  monthly 
periodicals  arranged  like  the  popular  monthlies,  or 
annual  paper  bound  reports,  such  as  those  of  the  vari- 
ous State  departments,  this  defect  could  be  easily  and 
cheaply  remedied  by  commencing  each  important 
article  or  paper  always  on  the  right  hand  page  of  the 
open  book,  i.  e.,  in  the  same  manner  as  the  Papers  and 
Discussions  are  arranged  in  the  monthly  Proceedings 
of  the  American  Society  of  Civil  Engineers.  I  fully 
recognize  the  difficulty  of  such  an  arrangement  for  a 
periodical  like  Engineering  and  Contracting,  but  be- 
lieve that  with  editing  it  with  that  end  in  view  the 
result  might  be  largely  attained.  Small  and  more 
unimportant  articles  could  be  used  to  fill  out  the  left 
hand  page,  and  even  these  articles  might  often  be  of 
such  a  nature  as  to  bear  the  same  Dewey  Index  num- 
ber as  the  major  preceding  article. 

By  commencing  each  paper  on  the  right  hand  page 
of  the  open  book,  there  should  be  and  undoubtedly  is 
a  material  saving  in  expense  of  printing  each  paper 
.'■eparately,  as  is  frequently  done  in  the  case  of  papers 
in  technical  society  proceedings.  The  cost  of  the 
extra  blank  page  is  not  proportional  to  the  average 
printed  page  cost,  but  assuming  it  to  be  the  same  in 
cost,  it  is  found  that  in  1917  the  American  Society  of 
Civil  Engineers  printed  in  its  monthly  Proceedings 
108  separate  papers  and  discussions,  requiring  2,361 
pages,  of  which  53,  or  about  2.3  per  cent,  were  full 
page  blanks,  representing  a  co.st  to  the  Society  of  less 
than  $G00.  The  New  England  Water  Works  Associa- 
tion printed  in  its  quarterly  Journal  for  1917.  33  sep- 
arate papers  on  558  pages.  It  could  have  commenced 
each  paper  on  the  right  hand  page  by  the  addition  of 
20  blank  pages,  representing  a  cost  of  about  $150.  The 
American  Water  Works  As.sociation  printed  in  its 
Journal  for  1917,  56  separate  papers  on  502  pages  and 
could  have  commenced  each  paper  on  the  right  hand 
page  by  the  addition  of  22  blank  pages,  at  a  cost  of 
about  $200.  As  the  subject  matter  in  these  last  two 
periodicals  refer  almost  wholly  to  water  works  mat- 
ters, I  find  it  necessary  to  preserve  the  issues  intact, 
requiring  valuable  shelf  room  and  becoming  after  a 
few  years  inconvenient  for  reference,  whereas,  by  the 
arrangemen'  suggested  above,  the  papers  could  be 
separately  filed  where  readily  accessible.  An  exam- 
ination of  several  other  periodicals  reveals  a  similar 
defect.  The  subscribing  for  two  copies  where  one 
fhould  suffice  would  be  a  burdensome  expense,  and 
27) 


164 


ENGINEERING     AND     CONTRACTING 


Vol.  50,  No.  7. 


cross  references  would  be  an  inconvenient  remedy,  as 
articles  relating  to  one  subject  or  subdivision  thereof 
are  all  put  in  one  or  more  folders  and  given  the  proper 
Dewey  Index  number,  the  folders  being  filed  numer- 
ically. 

CHARLES  C.  HOPKINS, 
Rochester,  N.  Y.  Consulting  Engineer. 


Thawing  Services  With  Hot  Wa- 
ter and  With  Electric  Outfit 

The  extremely  cold  veather  of  last  winter  cost  the 
Water  Department  of  Milton,  Mass.,  over  $4,000  for 
thawing  services,  replacing  burst  meters,  and  for  ex- 
cess water  consumption.  The  experiences  of  the  town 
were  described  by  Mr.  D.  A.  Heffernan,  Superinten- 
dent of  Waterworks,  in  a  paper  read  before  the  New 
England  Water  Works  Association,  from  which  the 
following  notes  are  abstracted: 

Thawing  operations  consisted  of  running  a  3/16-in. 
block-tin  tubing  through  which  boiling  hot  water  was 
being  pumped  continuously  into  the  service.  This 
method  proved  entirely  satisfactory  during  the  first  of 
the  cold  weather  when  services  were  freezing  from  the 
cellar  wall  out  toward  the  street,  but  was  not  efficient 
when  the  frost  had  worked  its  way  5  or  6  ft.  into  the 
ground,  as  it  did  in  some  places,  and  the  services  froze 
in  the  street. 

The  majoritv  of  the  services  laid  to  ordinary  single 
houses  15  or  20  years  ago  were  -"^^s-in.  lead,  and  it  is 
impossible  to  push  a  block-tin  tube,  softened  by  hot 
water,  to  a  great  distance  through  small  lead  pipe  laid 
without  particular  attention  being  paid  to  its  straight- 
ness. 

The  average  length  of  the  services  is  107  ft.  and 
when  they  began  to  freeze  in  the  street,  in  the  major- 
ity of  cases,  50  ft.  of  tubing  could  be  pushed  into  the 
service  without  even  reaching  the  ice. 

An  electric  thawing  apparatus  was  placed  in  opera- 
tion on  Jan.  26,  and  from  that  day  to  the  last  day  of 
February  was  kept  busy. 

The  apparatus  consisted  merely  of  a  switchboard 
containing  fuses,  meter  and  switch,  and  a  transformer 
and  rheostat.  It  was  necessary  to  take  the  current 
from  the  Edison  primary  wire  carrying  a  voltage  of 
2  300.  The  current  passed  through  the  switchboard 
to  the  transformer,  where  its  voltage  was  cut  from 
2  300  to  110,  and  from  there  to  the  rheostat,  which 
consisted  of  a  hogshead  containing  a  solution  of  com- 
mon salt  and  having  a  metal  plate  solid  on  the  bottom 
gnd  another  plate  which  it  is  possible  to  raise  or  lower 
to  regulate  the  amperage. 

From  the  rheostat  the  current  followed  the  second- 
ary wire  of  4-0  insulated  cable  which  was  clamped  to 
the  service  pipe  in  the  cellar  of  the  house  to  be 
thawed,  out  through  the  service  to  the  main,  which  it 
followed  to  the  hydrant,  to  which  the  other  secondary 
wire  was  connected;  then  back  through  this  wire  to 
ihe  rheostat,  transformer,  switch,  and  finally  to  the 
primary  again. 

The  amperage  used  on  different  services  varied  con- 
siderably. Where  long  connections  were  needed,  the 
greatest  amperage  sometimes  was  only  150;  at  other 
times  500  amperes  were  used,  while  the  ordinary 
smount  averaged  350. 

During  31  days,  140  services  were  thawed,  of  which 
20  were  private  (being  runs  from  a  house  to  a  stable, 
garage  or  greenhouse,  and  laid  by  the  consumer),  4 
hydrant  branches,  and  a  couple  of  short  stretches  of 
dead  ends. 


The  average  cost  of  thawing  a  service  was  $12.46. 
Of  course  a  short  service  cost  considerably  less,  the 
average  being  brought  up  because  of  the  time  con- 
sumed in  the  long  jumps  between  jobs. 

The  average  daily  consumption  jumped  from  375,000 
gal.  to  500,000,  during  the  period,  as  the  water  depart- 
ment had  recommended  every  consumer  to  open  one 
faucet  .enough  to  allow  a  V4-in.  stream  to  flow. 

The  estimate  of  the  cost  of  the  cold  weather  to  the 
department  follows : 

Labor  cost  in  excess  of  regular  pay  roll   $    S47.29 

Cost  of  electric  thawing  apparatus ' 1.472.23 

Kstimated   cost  of  burst  meters.    150  at  $5 750.00 

Excess  of  water  consumed — 125,000  gal.   daily  for  65  days 

at  $0.1336   per  1,000  gal 1,085.50 

Total     $4,155.02 

From  this  must  be  deducted  $545,  to  be  charged 
against  private  work.  It  is  not  the  intention  of  the 
department  to  chai'ge  the  consumer  for  water  used  to 
prevent  freezing,  burst  meters  or  thawing  out.  as  they 
were  not  happenings  caused  by  undue  carelessness  of 
the  consumer.  At  the  town  meeting,  an  appropriation 
of  $3,500  was  granted  to  cover  partially  the  expenses 
of  the  cold  weather. 


Employees  School  Maintained  by  St.  Louis 
Water  Department 

The  Water  Department  of  St.  Louis,  Mo.,  maintains 
an  intelligence  bureau  which  holds  a  school  for  one 
week's  duration  twice  each  year.  At  these  sessions 
all  employes  of  the  distribution  system  attend,  es- 
pecially the  newcomers,  who  are  fully  initiated  in  the 
art  of  cutting  pipe,  yarning,  and  pouring  joints, 
caulking,  assembling  hydrants  and  valves,  rigging 
derricks,  the  use  and  names  of  various  tools,  and  all 
other  little  details  with  which  all  distribution  em- 
ployes should  be  familiar.  These  sessions  are  gen- 
erally attended  by  department  engineers,  and  often 
the  exchange  of  ideas  proves  as  beneficial  to  the  su- 
periors as  to  the  subordinates.  The  professor  in 
charge  is  generally  a  graduate  of  the  ditch,  who  has 
r.dvanced  step  by  step  in  the  service,  and  is  capable 
of  showing  the  principles  by  actual  demonstration. 
By  teaching  the  employes  the  use  of  tools  and  allow- 
ing them  to  do  the  actual  work  in  these  practice  ses- 
sions, the  department  always  has  on  hand  an  adequate 
corps  of  capable  men  who  can  assume  the  different 
positions  when  the  occasion  demands  without  crip- 
pling the  service. 


Cost  of  Filtering  Water  at  Grand  Rapids 

The  cost  of  filtering  water  at  Grand  Rapids,  Mich., 
increased  from  $14.87  per  1,000,000  gal.  for  the  year 
1916-17  to  $18.84  in  1917-18,  according  to  the  annual 
report  of  Walter  A.  Sperry,  chief  chemist  of  the  filter 
plant.  Comparative  figures  on  the  operating  costs  for 
the  last  four  years  are  given  in  the  report,  as  follows: 

1917-lS.  1916-17.  1915-16.  1914-15. 

Wages    $4.86  $4.26  $4.48  $3.57 

Chemicals     10.06  7.37  5.10  4.76 

rower     2.23  2.26  2.17  2.14 

Hous3    water    20  ....  ....  .... 

Supplies    and    repairs 1.49  .98  1.11  .86 

Total $18.84         $14.87         $12.86         $11.33 

The  Grand  Rapids  plant  was  put  in  operation  No- 
vember, 1912.  The  method  of  treatment  is  lime  soft- 
ening followed  by  mechanical  filtration. 


Women  Meter  Readers. — Several  water  works  com- 
panies are  now  employing  women  to  read  meters. 
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The  Mountain  Dell  Multiple  Arch 

Reinforced  (;t)ncrete  Dam  of 

Salt   Lake   City 

One  of  the  larK't'st  imiltiple  ari-h  reinforced  con- 
trete  dams  in  the  West  has  recently  been  placed  in 
-service  by  the  city  of  Salt  Lake.  Utah.  This  struc- 
ture eventually  will  be  145  ft.  high  above  its  rock 
foundation.  At  the  present  time  the  tirst  unit,  bring- 
ing the  height  to  100  ft.,  has  been  completed.    The 


tion  site  by  a  slack  line  outfit  and  passed  through  a 
Dull  washer  and  separator.  About  10,000  cu.  yd.  of 
aggregate  were  obtained  in  this  way.  The  concrete 
was  chuted  directly  into  the  forms  from  a  125-ft.  dis- 
tributing tower.  The  chutes  were  supported  on  a 
I'l  cable  anchored  across  the  dam  and  at  the  top  of 
the  tower. 

Sectional  panel  forms  5  ft.  square  built  up  of  2x4-in. 
timbers  were  used  for  the  buttresses  and  outside  of 
the  arch  rings.  The  inner  forms  for  the  rings  consisted 
of   trussed  liners  8  ft.  apart,  with   vertical  2x4-in.   ribs 


Construction    View    of    Multiple    Arch    Reinforced    Concrete    Dam    for  Water  Supply  of  Salt  Lake  City,   Utah. 


dam  has  been  built  in  Parleys  Canyon  and  forms  what 
is  known  as  the  Mountain  Dell  Reservoir  of  the  city 
water  supply  system.  At  the  100-ft.  height  it  will  im- 
pound above  300,000,000  gal. 

A  view  of  the  dam  taken  the  latter  part  of  June, 
1917,  is  shown  in  the  accompanying  illustration. 
Some  of  the  details  of  the  arch  ring.s  and  buttresses 
follow : 

Arih    rlriKK— 

>'axinii;in    thlcknvHK    Ht    bane,    4.1    fl. 

Maximum    thk-kneMK    at    lOO-ft.    level,    1    ft.    3    In. 

Kront  Klope,   10  on   12. 
nuttreiweii — 

.MiixiiMum    Ihlrkncim    at    hiiHO.    S    ft 

Hiitlrr.    :i    In.    In    in   ft. 

Sparing.  3',  ft.,  <•■   to  c. 

The  arch  rings  are  120°  arcs  of  circles.  The  hori- 
zontal strut  tie  beams  between  buttresses  are  spaced 
20  ft.  apart  vertically  and  29  ft.  horizontally,  begin- 
ning at  the  corbels.  The  3,400  cu.  yd.  of  concrete  in 
the  tie  beams  and  arches  is  a  1:2:4  mix;  a  1:3:6  mix 
was  used  for  the  4,900  cu.  yd.  of  concrete  in  the  but- 
tresses. 

Sand  and  gravel  were  excavated  from  the  founda- 


2  ft.  c.  to  c.  around  the  arch.    Two  layers  of  l'-x6-in. 
sheeting  were  laid  horizontally  over  the  ribs. 

The  dam  was  designed  by  John  S.  Eastwood,  Con- 
>ulting  Engineer  for  the  city.  The  construction  was 
.supervised  by  Sylvester  Q.  Cannon,  City  Engineer. 
Parrott  Bros.  Co.,  Salt  Luke  City,  was  the  contractor. 
The  total  cost  of  the  dam  was  $90,000. 


■  One  Source  of  Opposition  to  Metering. — It  is  a 
matter  of  common  experience,  states  the  Chicago 
Bureau  of  Public  Efficiency  in  its  report  on  the  water 
works  system  of  Chicago,  that  the  most  strenuous  ob- 
jections to  the  introduction  of  meters  come  from  the 
larger  cities.  This  is  due  principally  to  the  fact  that 
in  such  cities  there  is  a  larger  proportion  of  tenant 
consumers,  and  that  the  landlords,  who  in  a  large 
number  of  cases  jiay  the  water  charges,  fear  that  their 
bills  will  be  increased  by  the  wasteful  and  careless 
practices  of  their  tenants.  This  fear  is  not  well 
'•lunded. 
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The  Deoxygenating  Effect  of  the 

Effluent  from  the  Miles  Acid 

Process  of  Sewage 

Treatment 

By  F.  W.  MOHLMAN, 

Chemical  Engineer.  Connecticut   State  Department  of  Healtli. 

Experiments  with  the  Miles  acid  process  of  sewage 
treatment  were  conducted  at  the  New  Haven  Sewage 
Experiment  Station,  under  the  direction  of  Prof.  C. 
E.  A.  Winslow,  from  June  1,  1917,  until  May  1,  1918, 
in  comparison  with  three  other  processes  which  have 
been  considered  for  New  Haven  conditions.  Some 
very  interesting  facts  were  established  during  this 
work  regarding  the  Miles  acid  process. 

The  Miles  patent,  No.  1,134,280,  claims  that  the 
Miles  Process  "1.  Consists  in  introducing — an  inor- 
ganic acid  as  the  sole  effective  agent,"  and  "3.  Con- 
sists in  introducing  sulphurous  acid  into  the  sewage." 

Sulphuric  acid  seems  to  have  a  selective  toxic  ac- 
tion on  bacteria  which  is  more  intense  than  is  ob- 
tained with  the  same  hydrogen-ion  concentration  of 
sulphuric  acid.  The  effect  of  the  sulphurous  acid  is 
augmented  by  the  germicidal  power  of  the  bisulphites 
formed  from  the  bicarbonates.  Therefore,  from  the 
standpoint  of  effective  disinfection,  sulphurous  acid 
is  preferable  to  sulphuric.  It  also  has  the  decided 
advantage  of  being  cheaper,  when  made  as  needed  by 
burning  sulphur  or  pyrites,  and  conducting  the  gas 
into  a  part  of  the  sewage,  which  can  then  be  used  for 
acidifying  the  remaining  sewage. 

We  have  applied  compressed  sulphur  dioxide  to  the 
sewage  as  it  flowed  into  a  settling  tank  through  a  gal- 
vanized-iron  pipe  about  20  ft.  long.  The  settling  tank 
was  16  ft.  long,,  4  ft.  wide  and  4  ft.  deep.  The  deten- 
tion period  was  4  hours  when  treating  10,000  gal.  of 
sewage  per  day.  After  acidification  the  sewage  con- 
tains bisulphites  and  some  free  sulphurous  acid.  It 
also  contains  lime  and  magnesium  soaps,  which  are 
attacked  by  the  acid,  liberating  the  free  fatty  acids. 
As  the  sewage  passes  through  the  tank  part  of  the 
bisulphites  and  sulphurous  acid  are  oxidized  to  bi- 
sulphates  and  sulphuric  acid.  The  oxidation  may 
easily  be  followed  by  determining  total  SO,,  in  both 
bisulphites  and  sulphurous  acid  by  titration  with 
thiosulphate  against  an  excess  of  iodine  solution. 

Preliminary  tests  made  on  Feb.  14,  1918,  showed  a 
total  content  of  118  parts  per  million  of  siilphur  di- 
oxide in  the  effluent.  In  order  to  determine  whether 
this  sulphur  dioxide  would  use  up  the  dissolved  oxy- 
gen in  the  diluting  water  if  it  were  discharged  into 
New  Haven  hai'bor,  various  mixtures  of  the  effluent 
with  sea-water  from  Nev/  Haven  harbor  were  made. 
No  especial  care  was  taken  to  exclude  atmospheric 
oxygen  during  the  mixing.  As  soon  as  possible  after 
dilution,  dissolved  oxygen  and  sulphur  dioxide  were 
determined  in  the  mixtures.  The  results  shown  in 
Table  I  were  obtained. 

A  great  decrease  in  the  dissolved  oxygen  took  place 
in  the  dilutions  containing  20  per  cent  or  more  of 
the  effluent.  Further  experiments  showed  that  one 
part  of  oxygen  would  be  required  for  four  parts  of 
sulphur  dioxide  in  the  effluent,  according  to  the  reac- 
tion SO,  +  0  =  SO,. 

The  Miles  effluent  in  our  experiments  usually  con- 
tained from  80  to  120  parts  per  million  of  sulphur 
dioxide.  The  alkalinity  of  the  sewage  treated  was 
unusually  low,  averaging  but  50  parts  per  million,  so 
that  a  relatively   small   quantity   of   sulphur  dioxide 


was  required.  But  even  with  this  small  amount  of 
S0„,  averaging  100  parts  per  million,  25  parts  per 
million  of  dissolved  oxygen  will  be  reduced,  or  in 
terms  of  dilutions  at  summer  temperatures,  one  vol- 
ume of  eflfluent  will  immediately  reduce  all  of  the  oxy- 
gen in  3-4  volumes  of  sea-water.  The  average  sew- 
age would  require  probably  twice  as  much  SO^  as 
the  sewage  which  we  treated,  and  the  effluent  would 
de-aerate  twice  as  much  water,  or  6-8  volumes.  It  is 
not  improbable  that  there  might  be  a  distinct  zone  of 
de-aerated  water  at  the  outfall  of  the  effluent  from 
the  Miles  process. 

In  order  to  determine  whether  the  sulphur  dioxide 
might  be  oxidized  before  the  effluent  is  discharged, 
an  aerating  tank  was  constructed  by  Mr.  Harold  G. 
Wynne,  of  the  City  Engineer's  office,  who  assisted  in 


Air       t-.v------j 

Chamberl jK=1n^= 

Concrete  Base 


1.— Tank    Used    for 


Aeration    of    Effluent    from     Miles    Acid 
Process. 

the  experimental  work.  This  tank,  as  shown  in  Fig. 
1,  consisted  of  two  concrete  drain-tiles  30  in.  in  di- 
ameter, placed  one  above  the  other,  with  a  filtros  plate 
1  ft.  square  cemented  into  an  iron  plate  at  the  bot- 
tom. Air  was  blown  through  this  plate  from  a  Nash 
hydro-turbine,  the  pressure  being  measured  by  a  mer- 
cury manometer  and  the  volume  being  measured  by 
a  gas-meter. 

TABLE    I.--MTXTURB     OF    SEA-VS^ATER    AND    MDES 
EFFLUENT. 

1  Eft.       1  Eff.       1  Eff .        1  Eff. 
Sea-  2  4  9  19 

Effluent,     water.  Water.    Water    Water   Water. 
Dissolved    oxygen    ...   O.S  12.0  1.0  5.0  S.8  11.0     . 

Sulpliur   dio.xide    118  0  8  0  0  0 

TABLE    II.^AERATION    OF    MILES    EFFLUENT. 
Date— March  4,  191S. 
Quantity   of   effluent— 220  gallons. 

iiuantity  of  air — 21.0   cu.  ft.    at   6.4   inches  mercury. 
Quiintily  of  free  air — 25.5  cu.   ft. 

%  Reduction 
Time,  minutes.         SO,,  parts  per  mil.  air.  Cu.  Ft.  per  Gal. 

n  '  TS.l  ..  

10  71.7  S  .029 

20  5.3. S  31  .058 

30  23.0  70  .087 

40  10.2  87  .116 

Effluent    mixed    with     sea-water,     before     and    after    aeration, 
di.s.solved  oxygen  determined  immediately. 

, Dissolved  oxygen. ; — , 

Sample.  Before  aeration.  After  aeration. 

Eftluent     1.4  5.8 

Sea-water     14.2  .... 

1    Ktnuent:  2  Sea-water 4.4  11.8 

1  Effluent:    4   Sea-water    7.4  11.8 

TABLE    III.— CONTINUC'US    AERATION    OF    MILES 
EFFLUENT. 
Sulphur  dioxide.  %  Air.cu.ft. 

Date.  Influent.  Effluent.     Reduction.        per  gal. 

:l-   6-'lS    99.1  44.9  54  .10 

3-   7-'lS    70.4  14.4  79  .10 

3-  S-'18    72.3  14.4  SO  .11 

3-  9-'18    69.1  5.2  92  .10 

3-10-'lS    81.3  46.4  43  .10 

3-11--18    80.9  36.1  5.T  .06 

3-31-'18    53.8  10.2  81  .10 

4-  I-'IS    108.5  37.4  65  .10 

4-  2-'18    90.9  26.5  71  .10 

4-  3-'lS    71.0  19.8  72  .10 

4   -4-'lS    92.2  4.5  95  .10 

.Werage    78.1  23.6  70  .097 
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The  tank  was  used  both  on  the  till-and-draw  and 
continuous  plan.  When  used  intermittently  it  was 
filled  with  effluent  and  the  air  started,  samples  be- 
injr  withdrawn  at  intervals  and  analyzed  for  sulphur 
dioxide,  the  quantity  of  air  being  measured  at  the 
time  each  sample  was  withdrawn.  Results  of  an  av- 
erage e.\periment  of  this  kind  are  K'ven  in  Table  II. 

The  results  of  this  experiment  have  been  substan- 
tiated by  various  other  experiments  on  the  fill-and- 
draw  plan.  The  tank  was  next  used  as  an  aerator 
on  the  continuous-ilow  plan.  The  effluent  from  the 
Miles  tank  was  passed  through  the  tank  as  shown  in 
Fig.  1,  having  a  detention  period  of  31  minutes. 
Samples  of  the  inHuent  were  taken  at  3  and  9  a.  m. 
and  p.  m.,  and  of  the  effluent  30  minutes  later.  The 
average  results  of  these  experiments  are  shown  in 
Table  III. 

These  results  are  quite  similar  to  those  obtained  on 
the  fill-and-draw  plan,  with  30  minutes'  aeration,  ex- 
cept that  slightly  more  air  is  necessary.  The  close 
agreement  in  SO.  content  in  the  effluent  is  accidental. 
In  each  method  70  per  cent  of  the  SO,  was  removed 
in  30  minutes*  aeration,  but  with  97,000  cu.  ft.  of  free 
air  per  million  gallons  of  effluent  when  operating  con- 
tinuously, as  compared  with  87,000  cu.  ft.  per  million 
gallons  on  the  fill-and-draw  plan. 

The  aerated  effl.uents  did  not  de-aerate  the  diluting 
water  to  an  appreciable  amount  at  any  time,  and  thus 
could  be  discharged  into  the  harbor  with  safety.  Bac- 
terial counts  made  by  Mr.  W.  S.  Sturges  before  and 
after  aeration  showed  that  there  was  practically  no 
change  in  the  bacterial  content. 

Laboratory  experiments  in  which  wood  plates  were 
used  for  diffusing  the  air  indicated  that  the  amount 
of  air  recjuired  could  be  reduced  considerably  by 
diffusing  the  air  very  finely.  This  experience  is  sim- 
ilar to  that  found  in  the  activated-sludge  experiments 
at  Milwaukee,  but  it  is  probable  that  this  oxidation, 
which  is  purely  chemical,  is  even  more  affected  by 
the  fineness  of  division  of  the  air  than  is  the  oxida- 
tion in  the  activated-sludge  process,  which  is  biologi- 
cal. The  quanti^^^ies  cf  air  used  in  the  experiments 
with  the  filtros  diffuser  were  from  one-fifteenth  to 
ont'-twentieth  of  those  used  in  the  aeration  with  acti- 
vated sludge,  so  it  is  probable  that  the  cost  of  this 
aeration  would  be  low.  The  tank  used  for  the  aera- 
tion was  too  shallow  to  be  very  efficient,  and  it  is  be- 
lieved that  the  results  obtained  in  these  experiments 
could  be  greatly  improved  by  further  work.  While 
this  aeration  will  make  a  Miles  plant  more  compli- 
cated, and  the  process  more  costly,  it  does  not  neces- 
sarily condemn  the  process,  as  the  aeration  period  is 
yen.'  short  and  the  amounts  of  air  necessary  but  a 
small  fraction  of  those  required  in  the  activated- 
sludge  process. 

Conclusions. — 1.  The  Miles  acid  effluent  contains 
unoxidized  sulphur  dioxide. 

2.  This  sulphur  dioxide  is  oxidized  at  the  expense 
cf  the  dissolved  oxygen  in  the  water  in  which  the  ef- 
fluent is  diluted. 

3.  The  sulphur  dioxide  may  be  oxidized  before  dilu- 
tion by  aeration  for  a  short  time  with  relatively  small 
quantities  of  air.  After  this  aeration  the  eflluent  wfll 
not  de-aerate  large  volumes  of  diluting  water. 


No  .Annual  Convention  of  N.  E.  W.  W.  As.sociation. 
— Announcement  has  been  made  by  Willard  Kent, 
secretars-  of  the  New  England  Water  Works  Associa- 
tion, that  owing  to  conditions  caused  by  the  war  and 
for  patriotic  reasons,  the  organization  will  not  hold 
its  annual  convention  this  vear. 


Maintenance  of  Drainaj^e   Canals 

The  iiroper  maintenance  of  drainage  canals  is  sec- 
ond in  importance  only  to  the  actual  construction  of 
the  channels.  In  achieving  the  desired  end  of  main- 
taining etlicient  waterways,  it  is  necessary  to  remove 
the  willows,  cottonwoods  and  other  young  sprouts 
•hat  spring  up  in  and  along  the  channels  following 
soon  after  the  newly  made  excavation.  Suckers  grow- 
ing from  stumps  along  the  berms  should  be  cut  off. 
And,  in  addition,  logs,  trees,  tree-tops,  stumps  and 
c'rif?  must  be  taken  out  of  the  channel.  Where  bars 
form  or  slides  occur,  these  must  be  given  attention  if 
they  are  of  sufficient  size  to  offer  a  serious  impedi- 
ment. An  interesting  de.scription  of  the  maintenance 
methods  employed  in  the  Black  Bayou  Drainage  Dis- 
trict is  given  in  a  recent  issue  of  the  Washington 
County  Drainage  Bulletin,  from  which  the  notes  fol- 
lowing are  abstracted: 

Removing  Growth  and  Debris. — In  carrying  out  the 
work  of  clearing  growth  and  debris  from  drainage 
channels  in  the  Bogue  Phalia  Drainage  District,  some 
of  the  work  has  been  done  under  contracts,  but  the 
greater  part  has  been  done  by  the  force  account 
method,  by  a  crew  of  men  working  under  the  drainage 
district  itself. 

The  contract  work  has  been  done  mostly  by  negroes 
who  lived  close  to  the  drainage  channels,  and  who 
would  contract  to  clear  small  stretches  of  ditch  near 
their  cabins. 

The  force  account  work  has  been  carried  out  by  a 
crew  ordinarily  consisting  of  a  foreman,  from  10  to  20 
negro  laborers,  and  a  cook,  all  working  under  the  di- 
rection of  the  resident  engineer.  This  party  lived  in 
tents  near  the  work,  moving  camp  whenever  necessarj- 
in  order  to  be  close  to  the  work  under  way. 

In  clearing  a  ditch,  some  of  the  men  removed  the 
small  drift  and  pulled  willows  and  sprouts  that  one 
man  could  pull.  The  remainder  of  the  crew  followed 
behind  the  others  and  cut  the  sprouts  that  were  too 
large  to  be  pulled.  The  men  kept  sufficiently  near  to- 
gether so  that  they  could  assist  one  another  in  remov- 
ing drift  too  large  for  one  man  to  handle.  Where 
trees  were  in  the  channel,  they  usually  had  to  be  sawed 
up  into  pieces  before  they  could  be  removed.  Willows 
and  small  drift  have  been  disposed  of  by  throwing 
onto  the  spoil  bank.  On  large  channels,  where  the 
distance  to  the  spoil  bank  has  been  too  great  for 
throwing,  the  debris  has  been  either  piled  and  burned 
or  carried  out  of  the  ditch. 

For  cutting  the  growth  too  large  to  pull,  machetes, 
brush  axes  and  grubbing-hoes  are  used.  The  machete 
has  proven  the  most  useful  tool  that  is  made  for  this 
kind  of  work.  A  cross-cut  saw,  sledge,  wedges  and 
axes  are  used  for  cutting  up  trees  and  large  debris  so 
that  they  may  be  taken  out  of  the  ditch.  Cant  hooks 
have  been  used  in  handling  the  heavier  logs.  In  pre- 
•■ention  of  sore  hands  among  the  laborers  pulling 
sprouts,  cotton  or  canvas  gloves  have  been  found  of 
material  assistance. 

The  proper  time  to  remove  growth  is  while  the  sap 
is  up.  for  if  the  sprouts  are  pulled  or  cut  when  the  sap 
is  down,  the  pieces  of  roots  broken  or  cut  off  below  the 
surface  shoot  up  much  more  readily  the  following  sea- 
son. In  central  Mississippi,  the  sap  is  up  from  about 
the  first  of  May  until  the  early  part  of  September,  and 
between  these  months  the  best  results  in  removing 
growth  have  been  obtained. 

Chemicals  and  Pasturing  Not  Successful. — Some  ex- 
perimental work  has  been  done  in  the  Bogue  Phalia 
Drainage  District  on  the  use  of  chemical  destroyers 
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for  killing  trees,  sprouts  and  coco  grass.  In  general, 
the  results  obtained  have  not  been  satisfactory. 

The  Bogue  Phalia  Drainage  District  has  also  tried 
the  method  of  keeping  down  growth  along  the  banks  of 
the  Bogue  Phalia  by  pasturing  stock  within  a  fenced 
area.  This  has  not  proven  a  success  because  a  suffi- 
cient number  of  animals  could  not  be  kept  on  the  pas- 
ture, a  condition  resulting  largely  from  pasture  land 
being  plentiful  in  this  locality  in  relation  to  the  num- 
ber of  head  of  stock  to  be  pastured.  In  a  long  devel- 
oped country  where  pasture  land  is  scarce,  a  sufficient 
number  of  stock  can  be  pastured  on  each  acre  of  land 
to  keep  down  the  growth  successfully,  but  in  a  new 
country— such  as  the  Bogue  Phalia  District — where 
stock  is  less  plentiful  and  pasture  land  is  less  scarce, 
pasturing  is  not  likely  to  prove  successful. 

Bars  and  Slides. — On  newly  constructed  work  there 
is  always  a  considerable  number  of  small  bars  and 
minor  slides  in  the  ditches  that  are  the  result  of  the 
natural  agents  of  weathering  and  which  constitute  de- 
terioration that  must  be  expected  with  the  present 
most  common  method  of  constructing  drainage  chan- 
nels by  floating  dipper  dredges.  In  many  cases,  these 
bars  and  slides  are  so  small  that  they  are  not  serious 
from  the  standpoint  of  good  drainage.  Where  the  fill 
in  the  channel  assumes  some  importance,  measures 
must  be  taken  looking  to  the  removal  of  the  bar.  The 
most  usual  means  of  removing  such  bars  is  by  blasting 
with  dynamite.  This  method  has  been  used  during 
the  past  2  years  in  the  Bogue  Phalia  District. 


The    Practicability  of    Adopting 

Standards  of  Quality  for 

Water  Supplies 

In  spite  of  the  fact  that  the  attempt  to  establish  a 
so-called  standard  to  serve  as  a  basis  for  interpreting 
or  classifying  the  quality  of  potable  waters  has  met 
with  but  little  success  in  the  past,  endeavors  are  s*:ill 
being  made  to  standardize  the  consideration  of  ana- 
lytical results  so  as  to  eliminate  personal  judgment  as 
a  feature  of  interpretation.  The  difficulties  besetting 
these  efi'orts,  such  as  the  undetermined  significance  of 
the  bacterial  test  made  by  various  methods,  the  impor- 
tance of  varying  chemical  content  and  the  evidence  of 
sanitary  suri-oundings,  are  still  present  in  probably  a 
greater  degree  than  in  the  past,  on  account  of  the 
development  of  the  science  of  water  bio-chemistry  and 
the  added  confusion  created  by  the  ever  changing 
methods,  media,  temperatures,  and  differentiations.  A 
very  complete  discussion  of  this  subject  w^as  given  by 
Mr.  Robert  B.  Morse,  Chief  Engineer,  and  Mr.  Abel 
Wolman,  Division  Engineer,  Maryland  State  Depart- 
ment of  Health,  in  a  paper  presented  at  the  last  an- 
nual convention  of  the  American  Water  Works  Asso- 
ciation.    A  summary  of  their  conclusions  follows: 

The  establishment  of  a  standard  of  quality  for 
potable  waters  means  the  setting  up  by  some  accepted 
authority  of  a  rule  for  the  measure  of  quality.  Since 
quality  is  a  variable  attribute,  intricately  dependent 
upon  a  series  of  natural  physical,  chemical  and  bio- 
logical phenomena,  its  measurement  becomes  ex- 
tremely difficult.  The  quality  of  a  particular  water 
cannot,  in  most  instances,  be  measured  adequately  by 
means  of  the  evaluation  of  only  one  of  its  character- 
istics. The  real  consideration  or  interpretation  of  the 
potability  of  a  supply  involves  a  series  of  mutually 
active  attributes,  each  of  which  plays  a  part  of  im- 
portance in  modifying  and  determining  the  character 
of  the  water.     Any  scientific  and  practical  standard 


must  include,  therefore,  a  composite  of  all  those  fea- 
tures which  influence  a  change  in  quality.  The  single 
utimate  unit  of  measure  or  the  final  standard  be- 
comes, in  thi.s  way,  an  index  number  of  properly 
weighted  individual  and  fundamental  units. 

The  prime  requisites  for  the  establishment  of  any 
standard  are  the  existence  of  those  basic  units  which 
are  to  be  its  components  and  of  universal  agreement 
as  to  the  relative  significance  of  such  components.  In 
the  field  of  water  supply  neither  of  the  two  above 
requirements  has  been  fully  met.  Basic  or  funda- 
mental units  for  measurement  of  quality  have  not 
been  established  with  any  degree  of  exactness  or  accu- 
racy. A  unit  of  measure,  such  as  the  B.  coli  content, 
certainly  cannot  be  predicated  upon  such  variable  pro- 
cedures as  are  now  followed,  without  resulting  in  a 
confusion  of  interpretation.  The  establishment  of 
any  unit  demands  an  absolute  consistency  in  its  meas- 
urement. It  is  this  consistency  of  measurement  which 
is  now  absent  in  practically  every  available  measure  of 
quality. 

If  inconsistency  reigns  in  the  determination  of  the 
fundamental  units,  such  as  the  total  count,  the  B.  coli 
content,  the  chemical  constituents  and  the  sanitary 
survey,  then  the  general  standard  of  quality,  a  derived 
unit  composed  of  basic  measures,  becomes  ex- 
tremely little  value.  If  we  add  to  this  consideration 
of  inconsistent  method  of  obtaining  individual  units 
the  fact  that  their  relative  significance  is  still  unset- 
tled, then  a  general  standard  becomes  practically  use- 
less and  even  misleading. 

The  study  of  the  method  of  evaluating  a  unit  must 
of  necessity  antedate  the  attempt  to  establish  limiting 
values  of  such  a  unit.  A  critical  survey  of  past 
standards  of  quality  seems  to  indicate  an  assumption 
that  the  method  of  unit-evaluation  is  fixed,  and  there- 
fore that  limiting  values  are  the  desiderata.  It  is  not 
felt  that  the  status  of  laboratory  or  field  method  of 
analytical  examination  warrants  any  such  assumption. 
The  field  for  future  standardization  of  quality  of 
water  supplies  would  appear  to  lie  more  immediately 
in  the  consideration  of  such  problems  as  the  relative 
significance  of  different  bacterial  counts,  the  methods 
of  obtaining  the  counts,  the  necessary  frequency  of 
sampling,  of  plating,  of  numbers  of  fermentation 
tubes,  the  numerical  interpretation  of  usual  fermenta- 
tion tube  results,  the  allowable  variations  from  speci- 
fied bacterial  contents,  the  determination  of  real  bac- 
terial indices  to  sewage  pollution,  the  importance  of 
chemical  determinations,  and  the  standardization  of 
field  survey  method.  More  remotely,  the  problem  of 
standards  is  concerned  with  the  coordination  of  the 
results  of  such  studies  as  the  above  in  such  a  way  as 
to  construct  a  composite  unit  of  measure.  Until  these 
studies  have  been  made  and  a  general  agreement 
reached,  a  standard  would  have  but  little  value. 


Pitometer  Survey  at  Ottawa  Discloses  3,000,000-Gal. 
Leakage. — A  pitometer  survey  made  last  year  on  a 
portion  of  the  distribution  system  of  Ottawa,  Ont.,  lo- 
cated leakage  amounting  to  2,500,000  to  3,000,000  Imp. 
gal.  per  day,  according  to  the  last  annual  report  of 
the  Works  Commissioner  of  the  city.  The  average 
pumpage  per  day  was  20,938,000  gal.  and  the  average 
per  capita  consumption  was  206.1  gal.  The  largest 
leak  detected  was  on  an  8-in.  main;  this  was  wasting 
1,000,000  Imp.  gal.  per  day.  Another  leak  on  a  river 
section  of  an  8-in.  main  was  wasting  about  450,000 
Imp.  gal.  per  day.  One  valve  of  an  8-in.  main  was 
found  to  be  causing  a  loss  of  over  100,000  gal.  per  day. 


(32) 


Aiij^'ust  14.  l''l.S. 


K.\(.I.\i:KKI\(;     AND     COX  IR  ACTI\(; 


],,'> 


Catch    Basin    (Cleaning    in    Cam- 

bridj^e,    Mass.,    with    Oranj^e 

Peel    Bucket 

By  L.  M.  HASTlNc;S.  City  Engineer. 

One  of  the  most  important  items  in  the  maintenance 
of  a  combined  .sewer  system — at  least  so  far  as  cost 
goes — is  the  removal  from  the  catch  basins  of  the 
miiterial  which  so  rapidly  collects  in  them.  The  com- 
mon way  of  doing  this  work  in  the  past  has  been  to 
use  hand  labor  to  excavate  and  load  the  material  from 
the  catch  basins  into  horse  carts  by  which  it  was 
transported  to  the  most  convenient  dumping  place. 

The  increasing  cost  of  labor,  teams,  etc.,  together 
with  the  difficulty  of  finding  dumping  places  for  the 
material  excavated  except  at  remote  locations  with 
lengthened  haul,  has  in  Cambridge  led  to  an  effort 
to  find  some  means  of  reducing  the  cost  both  of  ex- 
cavating  and  transportation. 

The  mechanical  appliance  which  seemed  best 
adapted  for  the  conditions  found  in  Cambridge  was 
(.ne  that  used  an  orange  peel  bucket  for  excavating 
and  loading  the  material  into  an  auto  truck  by  which 
it  is  transported  to  the  dump. 

The  machine  as  finally  constructed  is  quite  similar 


Catch    Basfn    Cleaning    Appliance    of    Cambridge.    Mass. 

to  that  built  and  u.sed  by  the  Public  Works  Depart- 
ment of  the  city  of  Pawtucket,  R.  I. 

A  3':;-ton  Federal  truck  equipped  with  a  steel  body 
of  special  design,  and  a  Wood  power  dumping  hoist 
was  purchased,  and  the  excavating  and  loading  ma- 
chinery was  made  in  a  local  machine  shop  from  draw- 
ings  prepared   in  the   City   Engineering   Department. 

The  excavating  bucket  is  made  to  open  and  close 
by  compressed  air  obtained  from  an  Imperial  Type 
12  Ingersoll-Rand  Co.  air  compressor  mounted  on  the 
left-hand  side  of  the  truck  chassis  on  two  6- 
in.  steel  I-beams  attached  transversely  to  the  frame. 

The  power  to  drive  the  air  compressor  is  obtained 
from  the  truck  engine  from  a  sprocket  on  the  main 
propeller  shaft  which  by  a  chain  to  the  left,  drives 
another  sprocket  on  the  shaft  of  the  compressor  with 
ii  speed  of  about  500  revolutions  per  minute. 

The  air  from  the  compressor  is  led  to  the  cylinder 
of  the  bucket  by  two  %-in.  hose  lines,  and  is  con- 
trolled by  a  foot  valve  or  "controller"  operated  by 
the  chauffeur  at  the  platform.  This  opens  and  closes 
the  bucket  at  will. 

The  bucket   is  raised  or  lowered  by    a    simple  ar- 


rangement of  driving  gears,  clutch  driven,  and  brake, 
all  operated  from  the  platform.  Power  is  obtained 
from  another  sprocket  on  the  propeller  shaft  driving 
to  the  right.  Both  driving  sprockets  are  controlled 
by  a  single  clutch  operated  by  a  lever,  so  that  unless 
'.he  clutch  is  engaged,  the  entire  excavating  machinery 
is  idle,  although  the  truck  itself  may  be  running. 

This  outfit  cost  about  $6,000  and  it  has  been  doing 
excellent  work  under  the  rather  trying  conditions 
found  here.  Many  of  the  basins  contain  not  only  the 
usual  mud,  sand,  water,  etc.,  but  often  a  great  quan- 
tity of  miscellaneous  articles  which  are  difficult  to 
remove  by  ordinary  appliances.  For  this  condition 
the  bucket  type  of  machine  is  particularly  well 
adapted.  With  this  machine  the  cost  of  excavation 
and  transporting  this  material  has  been  substantially 
reduced,  especially  where  the  haul  is  long  and  the 
work  is  being  done  in  a  more  satisfactory  and  cleanly 
manner  than  by  the  old  method. 


Thawing    Hydrants    with    Exhaust    from 
Fire  Truck 

The  exhaust  from  a  fire  truck  was  employed  dur- 
ing the  pa.st  winter  by  the  Water  Department  of  Mid- 
dletown.  Conn.,  for  thawing  fire  hydrants.  The  ex- 
haust muffler  was  removed  from  the  30-HP.  4-cylinder 
Federal  fire  truck  and  the  ends  used  as  companion 
flanges  for  fastening  a  12-in.  piece  of  2-in.  gahanized 
pipe  to  the  end  of  the  cast  iron  exhaust  pipe.  The  12- 
in.  section  was  connected  by  a  union  and  elbow  to 
another  piece  of  2-in.  galvanized  iron  pipe,  4  ft.  long. 
To  this  latter  a  piece  of  -'s-in.  hose  7  ft.  long  was  con- 
nected by  a  special  coupling.  In  the  thawing  opera- 
tion the  end  of  the  hose  was  forced  down  the  barrel 
of  the  hydrant  until  it  came  in  contact  with  the  ice. 
The  engine  was  then  started  and  the  hot  exhaust  car- 
ried to  the  frozen  parts  of  the  hydrant.  The  hydrants 
usually  were  thawed  out  in  3  to  4  minutes;  in  one 
case,  however,  it  took  18  minutes. 


Undeveloped  Water  Power  of  United  States. — In  a 
report  prepared  for  the  water  power  committee  of  the 
U.  S.  Chamber  of  Commerce,  Mr.  Calvert  Townley 
states  that  it  has  been  estimated  by  a  careful  engi- 
neer that  in  1911  there  were  over  26,000,000  steam 
engine  horsepower  capacity  in  use  (including  rail- 
road locomotives)  in  the  United  States.  The  aggre- 
gate water  horse-power  developed  and  undeveloped 
has  been  computed  as  around  60,000,000.  Of  this 
latter  the  United  States  census  of  1912  gives  4,870.- 
000  as  developed,  and  in  a  report  of  January,  1916, 
the  Secretary  of  Agriculture  estimates  this  total  to 
have  been  increased  to  6,500,000.  Making  liberal  al- 
lowances for  correction  in  these  several  figures,  it 
.'•eems  probable  that  there  are  in  ser\'ice  from  four 
to  five  times  as  many  steam  as  water  horsepower  and 
that  there  are  still  undeveloped  water  horsepower 
equal  to  at  least  twice  that  of  all  the  steam  capacity 
in  service.  Some  of  the  undeveloped  power  sites  are 
too  remote  from  any  market  to  be  now  utilized,  and 
an  uncertain  number  are  not  commercial  prospects; 
but  even  so,  it  is  clear  that  the  possibilities  of  addi- 
tional development  are  very  great. 


Portable  Pipe  Tripod. — One  waterworks  superin- 
tendent has  improved  his  pipe  tripod  by  replacing  the 
windlass  crank  with  two  buggy  wheels.  As  a  result 
he  can  lower  the  pipe  as  little  as  desired  without  jar 
or  jerk,  and  when  the  outfit  is  to  be  moved  it  can  be 
rolled  along  on  the  wheels. 
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Border  Method   of  Irrigation  for 
Porous  Soils 

Border  irrigation  on  properly  prepared  land  en- 
ables the  irrigator  to  make  light  applications  of  water 
with  comparative  ease.  The  irrigating  can  be  done 
quickly  without  waste  of  water  and  labor.  Crop  pro- 
duction is  increased  by  maintaining  a  uniform  and 
optimum  amount  of  water  in  the  soil,  which  is  pos- 
sible by  this  method  of  procedure.  Border  irrigation 
is  stated  to  be  the  best  known  means  of  applying 
water  to  soils  of  an  open  porous,  sandy  or  gravelly 
nature.  Useful  suggestions  on  this  method  of  irri- 
gation are  given  by  Mr.  R.  W.  Allen,  Superintendent 
Umatilla  Branch  Experiment  Station  in  a  circular  of 
the  Oregon  Agricultural  College  Experiment  Station, 
from  which  the  matter  in  this  article  is  abstracted. 
The  border  method  of  irrigation  consists  in  apply- 
ing water  to  the  land  by  means  of  sloping  checks. 
These  checks  are  made  level  in  cross  section  and 
slope  lengthwise,  usually  with  the  natural  and  major 
slope  of  the  land. 

The  width,  length  and  shape  of  the  borders  should 
depend  upon  the  character  of  the  soil,  slope  of  land, 
and  the  size  of  the  head  of  irrigation  water  available. 
On  coarse  soil  they  need  to  be  small  so  as  to  be 
quickly  covered  to  prevent  waste  of  water  by  deep 
percolation.  On  shallow  soil  they  should  be  made 
small  enough  to  irrigate  quickly,  in  order  to  prevent 
excessive  irrigation  and  the  consequent  complications 
of  a  waterlogged  soil,  or  seepage  spots  in  the  field. 
On  land  with  lateral  slope  they  need  to  be  narrow  to 
prevent  having  steep  inclines  or  dikes  between  bor- 
ders. On  steep  land  they  need  to  be  narrow  and 
short  so  as  to  be  irrigated  with  rather  small  streams 
Cpart  of  the  available  irrigation  head)  ;  as  in  this 
way  washing  of  the  soil  is  less  liable  to  occur.  Where 
a  large  head  of  water  is  available  and  the  land  fairly 
smooth,  the  borders  can  be  wide  and  long. 

The  length  of  borders  should  range  from  70  ft.  on 
very  coarse  or  steep  soil  to  300  ft.  on  moderately 
sloping  land  of  fine  texture  and  good  depth.  The 
average  length  of  borders  should  be  about  200  ft. 
The  width  ranges  from  20  to  40  ft. 

On  land  having  rough  topography  the  borders  can 
be  made  with  a  minimum  of  expense  in  grading  by 
making  them  in  a  variety  of  shapes  to  conform  to  the 
slope  of  the  land,  V-shaped,  fan-shaped,  and  L-shaped 
or  crescent-shaped  borders  are  not  uncommon. 

When  borders  are  properly  made  the  work  of  irri- 
gating a  field  becomes  very  simple.  After  the  stream 
is  started  in  at  the  end  of  a  border  it  remains  only 
to  observe  its  progress  and  turn  it  into  the  next 
one  as  soon  as  sufficient  v-zater  has  passed  onto  the 
first  border  to  flow  entirely  across  it.  The  point  to 
which  the  water  should  progress  before  being  turned 
off  will  be  learned  after  one  or  +wo  irrigations.  In 
this  way  run-off's  at  the  ends  can  be  prevented,  and 
no  time  is  lost  in  searching  for  unirrigated  portions 
of  the  field.  Unless  the  borders  are  properly  made 
this  method  of  irrigating  will  not  give  complete  sat- 
isfaction. 

When  furrow  irrigation  is  used  it  is  necessary  to 
make  numerous  adjustments  of  the  water  entering 
the  furrows,  and  frequent  trips  to  the  lower  ends  of 
the  field  to  find  if  all  the  streams  have  got  through. 
Much  waste  of  time  occurs  in  doing  this,  and  loss  of 
water  results  from  deep  percolation  and  run-off  while 
waiting  for  the  slow  streams  to  get  to  the  end  of  the 
furrows.  Land  started  by  furrows  is  later  irrigated 
by  wild  flooding,  in  which  the  side  slope  of  the  field 


causes  the  water  to  crowd  to  the  side,  filling  low 
places  and  skipping  the  high  ones.  This  results  in 
waste  of  water,  in  depressions,  and  waste  of  time  in 
trying  to  get  the  high  places  irrigated. 

Where  flat  checks  are  used  the  depth  of  water 
necessary  at  the  turnout  to  force  the  stream  across, 
causes  heavy  losses  of  water  near  the  turnout  and  a 
great  waste  results.  They  should  not  be  used  at  all 
on  porous  soils. 

The  border  system  of  irrigation  can  be  success- 
fully employed  on  soils  of  a  very  porous  character, 
except  those  that  are  steep  and  subject  to  washing. 
Where  the  grade  is  more  than  8  ft.  per  100  on  sandy 
soil  they  do  not  appear  to  be  practical,  on  account  of 
washing,  and  the  difficulty  in  keeping  the  water 
spread  out.  Unless  precautions  are  taken  to  have  the 
land  well  protected  by  a  heavy  grovii;h  of  rye,  severe 
washing  and  consequent  difficulty  will  be  met  with 
in  starting  alfalfa  on  land  in  borders  that  has  as 
great  a  fall  as  4  to  6  ft.  per  100. 

Preparation  of  Land  for  Border  Irrigation. — Spring 
and  summer  work  should  be  restricted  to  very 
limited  areas,  unless  ample  covering  material  is  avail- 
able, on  account  of  damage  from  the  wind.  Extensive 
clearing  can  best  be  undertaken  from  Aug.  1  until 
winter,  as  the  winter  growth  of  rye  on  such  land  is 
usually  sufficient  to  prevent  erosion  by  the  spring 
Avinds  that  usually  are  severe. 

Land  is  cleared  by  sagebrush  to  advantage  by  hand 
grubbing,  by  use  of  the  sagebrush  rail,  or  by  the 
brush  cutter.  After  removing  the  brush,  the  rough 
places  should  be  removed  by  a  Fresno  scraper  and 
float.  At  this  stage  the  field  irrigation  laterals  should 
be  laid  out,  and  the  lands  staked  off  to  begin  prepar- 
ing the  borders. 

.  If  the  land  slopes  but  one  way,  the  borders  can  be 
made  rectangular  in  shape  and  of  uniform  size.  If 
it  is  uneven  stakes  should  be  set  on  the  line  of  two 
or  three  contours  across  the  field  at  the  interval  it  is 
desired  to  establish  the  width  of  the  borders.  In 
this  way  the  ridges  separating  the  borders  are  car- 
ried down  the  slope  of  the  field  in  such  a  manner  as 
to  make  the  land  between  them  level  in  cross  section. 
II  then  becomes  necessary  to  throw  up  the  ridges 
by  use  of  a  plow  or  scraper.  A  small  amount  of  grad- 
ing and  the  use  of  the  float  are  then  necessary  to  take 
out  irregularities  in  the  ground  surface  within  each 
border. 

In  leveling  land  that  has  a  uniform  slope  the 
location  of  the  borders  can  be  staked  out  flrst  and 
marked  by  plow  furrows.  The  scraper  (fresno  or 
buck  scraper)  should  then  be  run  back  and  forth 
across  the  field,  taking  soil  from  the  high  places  in 
each  border  and  depositing  the  soil  where  the  ground 
in  low,  at  the  same  time  leaving  soil  in  the  rows  of 
stakes  for  the  bank  or  levees  separating  the  borders. 
Where  it  is  planned  to  have  borders  as  long  as 
300  ft.  the  land  should  be  prepared  with  a  tem- 
porary ditch  running  through  the  center,  so  that  the 
water  will  not  have  to  be  run  over  150  ft.  while  the 
crop  is  young.  When  the  crop  is  well  established  the 
temporary  ditch  can  be  removed  and  the  water  run 
over  the  long  borders  if  it  has  been  found  that  the 
available  irrigation  head  is  large  enough  to  irrigate 
long  borders  economically. 

The  levees,  when  made,  should  be  about  18  in.  to 
2  ft.  wide  and  1  to  1^2  ft.  high.  As  soon  as  the  land 
is  graded  it  should  be  irrigated  to  settle  all  loose 
places  and  to  determine  how  the  water  flows  over  it. 
While  water  is  on  the  borders  it  is  a  good  practice  to 
get  in  with  whatever  implements  are  necessary  and 
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do  all  the  work  needed  to  make  the  water  flow  per- 
fectly. WorkiiiK  thi.s  character  of  soil  wet  does  it 
little,  if  any,  damage. 

As  soon  as  the  land  is  properly  leveled  for  irritra- 
tion  precaution  should  be  taken  against  wind  erosion. 
It  should  he  covered  litjhtly  with  straw,  about  '-  to 
■  1  ton  an  acre,  and  snwii  to  rye  at  the  rate  of  30  to 
•40  II).  an  acre.  Where  the  soil  is  very  sandy  and  sub- 
ject to  serious  erosion,  and  when  irrijration  water  i.s 
not  available  with  which  to  insure  rapid  prowth  of 
the  rye,  extra  care  should  be  used  to  prevent  erosion. 

The  straw  should  be  made  fast  to  the  tfround  by 
running  over  it  with  a  di.-<k  harrow  set  straight  to 
bury  part  and  leave  the  remainder  standing  in  the 
j.ir.  This  serves  as  a  windbreak  by  reducing  the  ve- 
locity of  the  wind  at  the  surface  of  the  land.  Coarse 
manure  or  fine  brush  can  be  used  to  advantage  instead 
of  straw. 

This  treatment  prevents,  in  a  measure,  erosion  by 
irrigation  water.  After  the  rye  gets  a  foothold,  it  is 
very  effective  in  preventing  erosion  by  either  water  or 
wind.  It  stands  much  punishment  and  is  the  best 
:vailable  crop  to  use  to  protect  land  from  erosion. 

Alfalfa  should  be  sown  at  the  rate  of  12  to  15  lb. 
an  acre  with  a  drill.  The  use  of  a  drill  is  necessary 
with  alfalfa,  as  with  all  other  crops  sown  in  light 
soil,  to  insure  getting  the  seed  down  to  a  uniform 
depth  so  that  it  can  he  kept  moist  enough  for  ger- 
mination and  growth  to  take  place.  Set  the  drill  to 
lun  from  1  to  3  in.  deep,  depending  on  whether  the 
land  is  easy  or  difficult  to  keep  moist.  The  drill 
rhould  always  be  driven  at  right  angles  to  the  direc- 
tion of  the  flow  of  water  on  the  land,  in  order  that 
washing  will  not  occur  between  the  rows  of  plants 
while  the  land  is  vet  soft. 

Unless  land  is  sufficiently  protected  by  the  nurse 
crop  to  prevent  washing,  when  a  large  head  of  water 
is  turned  into  the  borders  it  should  be  irrigated  once 
f,r  twice  by  means  of  furrows.  When  the  land  is  well 
protected,  however,  flooding  within  the  borders,  even 
from  the  beginning,  requires  much  less  time  and 
water  and  is  more  eflfective,  than  furrow  irrigation. 
After  the  first  or  second  irrigation,  flooding  is  safe 
lor  the  less-protected  lands. 

The  small  flood  boxes  and  lath  boxes  necessary  for 
this  first  irrigation  can  be  taken  up  and  used  numer- 
cus  times  during  the  period  usually  required  to  get  a 
farm  reclaimed. 


Typhoid  Fever  Eliminated  at  Traverse  City.  Mich. 
— The  practically  total  elimination  of  typhoid  fever 
at  Traverse  City,  Mich.,  is  credited  by  the  local  health 
( fficer  to  the  co-operation  on  the  part  of  the  city 
Water  Department  ofticials,  combined  with  the  treat- 
ment of  the  drinking  water  supply  since  1915  with 
liquid  chlorine. 


Cement  Joints  for  Cast  Iron  Water  Mains. — Cement 
joints  in  the  cast  iron  water  mains  at  Uedjands.  Cal.. 
have  given  perfect  satisfaction,  according  to  Geo.  S. 
Hinckley.  City  Engineer,  and  have  proved  much  more 
economical  to  make  than  lead  ones.  The  joints  of  all 
the  cast  iron  water  pipe  in  this  city  are  made  of 
cement. 


Moving  Coal  with  Wheel  Scrapers. — A  '  j-yd.  wheel 
.-craper  of  the  type  employed  in  grading  work,  is  used 
by  a  St.  Louis  company  in  transferring  coal  from 
rtorage  piles  to  its  boiler  room.  By  this  means  the 
work  formerly  accomplished  by  6  or  8  men  with 
wheelbarrows  is  now  done  with  one  man  and  a  horse. 


Location   Methods   for    Water 

Works  Distribution  System 

in  Newton,  Mass. 

By  EUWIN  H.  KOGEKS. 

city    r.imWi.-.-r.    .V.-W1..I1.    .Mii-ii 

The  city  of  Newton,  Mass.  (population  45,000),  has 
163  miles  of  water  mains  4  in.  to  20  in.  in  diameter, 
111  miles  of  service  pipes,  about  1,100  post  hydrants 
and  1.100  gate  valves. 

All  engineering  work  and  the  recording  of  the  loca- 
tion of  mains,  services,  etc.,  for  the  water  depart- 
ment are  performed  by  the  city  engineering  depart- 
ment.    The  mains,  gate  valves  and  hydrants  of  the 
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Service    Location   Card. 

general  distributing  system  are  shown  on  a  single 
plan  on  a  scale  of  600  ft.  to  the  inch.  A  large  pro- 
portion of  the  water  mains,  amounting  to  about  130 
miles,  are  also  shown  on  detail  plans  of  individual 
streets  on  a  scale  of  40  ft.  to  the  inch.  These  plans 
fhow  the  abutting  houses  with  their  service  pipe  con- 
nections, gate  valves  and  hydrants,  and  also  other  un- 
derground structures  such  as  sewers  and  drains,  un- 
derground electric  conduits  and  gas  mains,  and  serve 
as  plans  for  sewer  assessments. 

All  extensions  of  mains  are  staked  out  for  line.  The 
grade  is  not  usually  given  except  in  special  cases,  the 
mains  being  customarily  laid  at  a  depth  of  5  ft.  from 
the  surface  of  the  ground  to  the  center  of  the  pipe. 
Records  are  kept  of  ledge  excavation  done  in  laying 
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the  mains  and  after  the  work  is  completed  the 
branches,  blowoffs,  hydrant  connections,  gate  valves, 
etc.,  are  located.  Service  pipes  are  located  after  lay- 
ing,  tie   measurements    being  taken    from   the   house 
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which  they  serve  and  from  other  prominent  objects  to 
the  corporation  at  the  main  and  to  the  shutoff  box 
on  the  surface,  and  the  length  of  the  service  is  meas- 
ured from  the  corporation  to  the  shutoff,  shutoff  to 
the  street  line,  and  from  the  street  line  to  the  house. 
In  laying  the  service,  the  vv'orkmen  leave  a  stake  in 
the  street  over  the  corporation  so  that  it  can  be  lo- 
cated at  a  convenient  time. 

The  shutoff  box  is  placed  in  the  grass  border  be- 
tween the  sidewalk  and  the  gutter  or  else  in  the  side- 
walk near  the  curbing.  A  shutoff  is  also  provided 
at  the  corporation,  but  is  accessible  only  when  the 
street  is  dug  up. 

All  measurements  and  records  are  taken  in  note- 
books kept  in  the  office  of  the  engineering  depart- 
ment. In  the  case  of  services,  copies  of  the  tie  meas- 
urements are  made  on  a  standard  3-in.  x  5-in.  index 
card  and  kept  on  file  at  the  water  works  yard.  A  typi- 
cal service  location  card  is  shown  herewith. 

Eveiy  such  service  card  gives  the  street  and  num- 
ber of  the  service,  thus  enabling  them  to  be  easily 
classified.  The  ward  is  also  given  ,as  this  is  of  use 
in  the  case  of  duplicate  street  names,  of  which  we 
have  quite  a  number.  Each  service  is  consecutively 
numbered  and  indicated  on  the  card.  The  owner's 
name  is  also  given,  together  with  the  date  of  the  lo- 
cation and  a  reference  to  the  note-book. 

All  of  our  hydrants  are  post  hydrants  and  visible 
at  all  time.s  except  when  they  may  occasionally  be 
covered  by  drifting  snow. 

The  gate  valves  are  located  so  far  as  possible  by 
measurements  from  houses,  trees,  poles,  or  other 
prominent  objects  which  are  always  apparent  when 
the  ground  is  covered  with  snow,  which  in  this  city 
is  likely  to  occur  on  occasion  to  a  depth  of  a  foot  or 
more.  These  measurements  are  all  kept  in  note-books 
and  subsequently  a  plan  on  tracing  cloth  is  made  to 
scale  if  possible,  traced  from  our  40  ft.  scale  plans, 
showing  the  layout  of  the  mains  in  the  vicinity  of  the 
the  gate  and  the  tie  measurements  to  the  gate.  These 
tracings  are  4  in.  x  6  in.  in  size  and  blue-prints  are 
taken  from  them  on  heavy  paper  for  the  use  of  the 
water  works  employes.  A  typical  gate  location  is  il- 
lustrated. For  indexing  purposes,  these  plans  show 
at  the  top  the  name  of  the  street  on  which  the  gate 
is  located,  its  direction  from  the  nearest  cross  street, 
and  the  ward,  date  of  location  and  note-book  refer- 
ence also  shown. 

The  card  index  method  of  location  of  services  and 
gate  valves  has  proven  very  satisfactory  as  the  cards 
may  readily  be  taken  from  the  files  to  be  used  by  the 
workmen  on  the  streets,  and  if  lost  or  defaced  are 
easily  replaced  from  the  original  notes. 


Ram  Swung  from  Tripod  for  Driving  Wood 
Pipe  Into  Place 

A  200-lb.  ram  swung  by  block  and  tackle  from  a 
tripod  made  of  2-in.  pipe  facilitated  the  laying  of  18- 
in.  machine  banded  wood  pipe  for  the  recently  com- 
pleted Lindsay-Strathmore  irrigation  project  in  Cali- 
fornia. The  ram  was  used  to  drive  the  pipe  into  place. 
With  this  device  a  gang  of  5  men  and  foreman  com- 
pleted in  the  trench  an  average  of  1,100  to  1,200  ft. 
per  9-hour  day.  The  pipe  was  in  12-ft.  lengths  and 
had  slip  joints  fitting  into  couplings.  The  above  aver- 
age is  about  the  rate  of  progress  when  the  pipe  is 
driven  home  by  means  of  sledges.  However,  the 
tripod  and  ram  made  the  work  much  easier  for  the 
men. 


Special  Cast  Iron  Lining  of  T\vo 
Large  Bore  Wells* 

By  W.  H.  MAXWELL, 

Borough  and  Water  Engineer,  Tunbridge.  Wells,  England. 

Economical  water  supplies  are  frequently  obtain- 
able for  public  purposes  by  sinking  borings  in  dis- 
tricts where  the  geological  formation  is  favorable 
and  by  these  means  the  writer  has  recently  procured 
a  supplementary  supply  in  his  district  from  two  new 
large-diameter  bore  wells,  which  have  proved  capable 
ni  yielding  60,000  gal.  per  hour. 

Water-bearing  Strata. — This  supply  is  derived  from 
beds  known  geographically  as  Ashdown  sand  rock 
of  the  Hastings  series,  which,  at  the  site  of  the  bor- 
ings in  question,  is  reached  after  passing  through 
185  ft.  of  Wadhurst  clay.  The  depth  of  boring  into 
the  sand  rock  is  151  ft.,  portions  of  which  proved  to 
be  well  fissured,  whilst  other  parts  were  found  solid 
and  compact.  The  layers  of  this  rock  are  separated 
by  many  beds  of  pale  yellow  clay.  The  progress  of 
boring  was  sometimes  slow,  owing  to  the  hardness 
of  the  rock,  and,  in  the  course  of  the  work,  the  great- 
est depth  of  continuous  solid  rock  was  20  ft. 

The  superincumbent  clay  in  its  natural  state  is  a 
hard  impervious  mass,  but,  after  contact  with  watei% 
becomes  softened  into  a  treacherous  and  uncertain 
material,  requiring  immediate  lateral  support  by 
means  of  the  permanent  metal  linings  of  the  borintrs. 

Cast  Iron  Lining  Tubes. — The  boring  and  lining  op- 
erations were  carried  on  under  water  throughout  the 
work.  This  in  the  earlier  stages  of  the  work,  was 
derived  from  points  near  the  surface,  and  had,  there- 
fore, later  on,  to  be  completely  excluded,  being  un- 
suited  for  purposes  of  public  supply. 

The  natural  water  from  the  Ashdown  sand  rock 
is  of  a  corrosive  nature,  and  acts  detrimentally  upon 
some  classes  of  metal  immersed  in  the  wells  for  long 
periods  on  account  of  its  chemical  composition.  The 
action  is  due  to  the  presence  of  salts  which,  although 
themselves  neutral,  may  act  as  electrolytes,  produc- 
ing galvanic  activity  between  dissimilar  metals,  or 
between  dissimilar  parts  of  the  same  metal. 

From  previous  experience  it  was  proved  that  the 
usual  mild  steel  screwed  and  socketed  lining  tubes 
were  not  sufficiently  resistive  for  the  conditions  de- 
scribed, the  metal  being  eroded  into  holes  in  the 
course  of  a  few  years.  After  a  prolonged  investiga- 
tion with  metallurgical  tests  and  laboratory  experi- 
m.ents  conducted  by  Mr.  Bertram  Blount,  chemist, 
etc.,  of  Westminster,  it  was  finally  decided  to  adopt 
cast  iron  tubes,  l^/i-in.  thickness,  as  the  most  suit- 
able lining  material.  Practical  experience  extending 
over  many  years  had  also  shown  that  cast  iron  was 
not  perceptibly  affected  by  the  water,  provided  no 
machine  or  bright  face  was  exposed  to  its  prolonged 
action. 

The  metal  used  in  the  lining  tubes  was  required 
to  be  of  such  a  composition  and  texture  as  would 
render  it  highly  resistive  to  attack  by  the  water,  and 
was  of  a  tough,  uniform,  dense,  and  close-grained 
character.  Irregularity  of  composition  was  avoided 
as  far  as  possible. 

The  over-all  diameter  of  the  borings  through  the 
clay  is  39  in.,  and  the  tubes  lining  same  were  made 
from  a  mixture  of  strong  grey  cast  iron,  sufficiently 
tough  to  allow  of  the  castings  being  readily  drilled 
and  tapped  ,with  a  clean  and  strong  thread.  The 
metal  used  was  not  permitted  to  be  from  first  run- 
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nings,  but  was  re-melted  in  the  cupola  or  air  fur- 
nace. All  sharp  angles  in  the  castings  were  avoided, 
so  as  to  reduce  the  liability  of  cutting  through  the 
protective  "coatings,"  subsequently  applied. 

The  tubes  were  cast  vertically  in  I2-ft.  lengths, 
in  dr>'  sand  moulds,  and  in  accurately  faced  and  truly 
jointed  boxes,  without  the  use  of  core  nails,  chaplets, 
thickness    pieces,    or   any     similar    substitutes.      An 
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Fig.    1. — Section   of   Bore   Wells,   Showing   Method   of    Lining. 


ample  "head"  of  metal  was  insisted  upon  to  ensure 
through  soundness  throughout,  the  head  being  after- 
wards cut  off  in  a  lathe.  The  whole  column  of  tubes 
lining  the  borings,  weighing  about  40  tons  in  the  case 
of  the  largest  diameter,  had  to  be  suspended  in  the 
boring,  jointed  at  the  ground  surface,  and  lowered 
gradually  as  the  work  of  sinking  proceeded.  After 
lowering  a  sufficient  depth,  additional  tubes  were 
added  to  the  top  of  the  hanging  column,  so  that  it 
was  essential  the  machined  ends  and  joining-up 
sleeves  should  fit  accurately  and  without  difficulty  or 
delay. 

During  manufacture,  the  tubes  were  regularly  in- 
spected at  the  foundry  from  time  to  time  as  made, 
and  were  tested  for  quality  of  metal,  and  carefull.v 
examined  to  see  that  they  were  truly  cast,  straight, 
perfectly  cylindrical,  and  of  uniform  thickness.  The 
ends  of  the  tubes  were  afterwards  accurately  ma- 
chined down  circumferentially  to  templates  in  a  lathe, 
and  fitted  with  mild  steel  sleeves  or  sockets  for  the 
purpose  of  forming  the  joints  between  the  various 
lengths  of  tubes. 

The  linings  through  the  clay  (Fig.  1)  consisted  of 
two  rings  of  cast  iron.  Through  the  Ashdown  sand 
rock  one  ring  of  cast  iron  perforated  tubes  was  used, 
as  this  rock  and  the  intermediate  clay  beds  were  not 
sufficiently  stable  to  stand  permanently  without 
lining. 

Portland  Cement  Grouting. — The  space,  2's  in.  in 
width,  between  the  two  concentric  rings  of  cast  iron 
passing  through  the  clay  was  filled  with  Portland 
cement    grout,   in    order  that,   should   the    inner  cast 


iron  ring  deteriorate  after  many  years,  there  would 
remain  a  continuous  ring  of  cement  to  protect  the 
outer  cast  iron  lining. 

Portland  cement  grout  was  also  placed  at  the  back 
of  the  outer  cast  iron  tubes  to  fill  up  the  space  and 
cavities  formed  by  slips  in  the  clay  between  this  lin- 
ing and  the  natural  ground,  thereby  giving  additional 
protection,  and  also  excluding  infiltration  of  impure 
surface  water.  The  grout  was  mixed  to  a  thick 
creamy  consistency,  and  all  passed  through  a  fine 
wire  netting  sieve  of  about  '^-in.  mesh,  in  order  to 
remove  all  lumpy  or  unmixed  particles.  In  the  case 
of  the  first  borehole,  the  cement  grout  was  simply 
poured  into  the  tops  of  the  annular  spaces  to  be 
filled,  and  the  water  thus  forced  out.  The  grouting 
was  continued  in  this  way  until  all  spaces  were  full, 
and  the  thick  grout  appeared  at  the  tops  of  the  tubes. 

A  different  method  of  grouting  was  adopted  in  the 
case  of  the  second  boring,  in  order  to  check  the  quan- 
tity of  cement  used,  and  also  to  confirm  the  assump- 
tion that  the  .''paces  had  been  solidly  filled.  The  di- 
mensions of  both  borings  are  exactly  similar,  so  that 
the  quantities  of  grout  u^ed  should  also  be  identical. 
In  this  case  a  1-in.  diameter  galvanized  iron  pipe  was 


passed  down  the  annular  space  for  the  purpose  of 
conveying  the  grout  down  to  the  bottom  of  the  cav- 
ity to  be  filled.  This  pipe  was  supplied  with  grout 
from  a  Greathead  grouting  machine,  and  forced  down 
b.v  compressed  air.  After  discharging  the  contents 
of  the  grouting  cylinder  the  1-in.  pipe  was  raised  in 
the  annular  space  by  a  previously  detennincd  amount, 
so  as  just  to  reach  the  surface  of  the  last  deposit  of 
(rrout. 
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This  process  was  continued  until  the  space  was 
quite  full.  A  comparison  of  the  weight  of  cement 
used  in  this  case  with  that  used  in  the  first-named 
boring  showed  it  to  be  identical  in  weight  v/ithin  a 
very  trifling  amount,  from  which  it  was  concluded 
that  the  annular  spaces  throughout  their  depth  had 
both  been  solidly  filled.  All  grouting  operations  once 
started  were  continued  day  and  night,  if  necessary, 
without  intermission. 

Manufacture  and  Handling  of  the  Lining  Tubes. — 
The  whole  of  the  tubes  and  their  accompanying  sock- 
ets were  carefully  fitted  and  marked  at  the  maker's 
works  before  despatch,  so  as  to  ensure  accuracy  and 
ease  of  fitting  on  the  site  of  the  bore  wells.  The 
tubes  were  numbered  consecutively  throughout  for 
purposes  of  record  and  for  convenient  handling.  At 
the  site  of  the  bore  wells,  the  tubes  were  stored  in 
the  order  they  ultimately  occupied  in  the  wells,  in 
order  to  minimize  labor  of  handling  and  probable 
consequent  damage  to  their  surfaces  and  coatings. 

Every  precaution  was  taken  to  avoid  breaking 
through  the  foundry  skin  of  the  metal,  and  any  small 
projections  or  ridges  on  the  surfaces  of  the  tubes 
were  passed  undisturbed,  without  fettling  or  dress- 
ing off,  so  as  not  to  expose  the  bright  metal  to  the 
action  of  the  water.  With  the  same  object  in  view, 
the  machined  ends  of  the  tubes  and  faces  of  sockets 
were  thoroughly  well  covered  with  hot  bituminous 
coating  during  the  process  of  jointing  up  the  tubes. 

All  tubes  were  tested  at  the  foundry  before  "coat- 
ing," in  the  presence  of  the  engineers'  representa- 
tive, by  hydraulic  pressure  to  200  lb.  to  the  square 
inch.  This  pressure  was  maintained  for  a  period  of 
from  5  to  10  minutes,  and  during  the  test  the  tubes 
were  smartly  struck  all  over  with  a  2V2-lb.  hammer. 
After  satisfactorily  passing  this  test,  each  tube  was 
stamped   with  the   engineers'   private  mark. 

The  specification  required  the  manufacturer  to  fur- 
nish from  each  running  two  test  pieces  of  the  metal 
to  be  actually  used  in  casting  the  tubes,  and  the  de- 
flection test  was  specified  as  follows:  "A  bar,  1  in. 
wide,  2  in.  deep,  and  3  ft.  6  in.  long,  when  supported 
on  edge  on  bearings  3  ft.  apart,  shall  sustain  a  load 
of  30  cwt.,  applied  at  the  center,  with  a  deflection  of 
not  less  than  ^"s  in.  The  bar  shall  be  tested  to  de- 
struction." All  tubes  rejected  by  the  engineer  were 
required  to  be  broken  up  in  the  presence  of  his  rep- 
resentative. 

Method  of  Jointing  the  Cast  Iron  Tubes. — The  larg- 
est size  of  cast  iron  tube  was  32V4  in.  inside  diameter 
by  12  ft.  long,  and  the  metal  was  l^i  in.  in  thick- 
ness. Each  pipe  of  this  size  weighed  approximately 
2^4  tons.  The  ends  of  the  12-ft.  tubes  were  machined 
down,  at  the  foundry,  for  a  length  of  9  in.  from  lYi 
in.  in  thickness  to  1  in.  thick  (Fig.  2)  so  as  to  mini- 
mize the  projection  of  the  mild  steel  sleeves,  and  to 
reduce  friction  against  the  sides  of  the  borings  dur- 
ing the  lowering  of  the  tubes  into  position.  The  butt 
ends  of  the  tubes  were  also  machined  true  and  square 
to  the  center  line,  and  the  joints  between  the  diflfer- 
est  lengths  were  made  by  means  of  mild  steel  sleeves 
18  in.  long  by  ^i  in.  thickness  of  metal,  tapered  at 
the  top  and  bottom  ends  to  minimize  surface  friction. 
The  sleeves  and  machined  ends  made  a  first-class 
close-fitting  joint,  which  was  secured  by  mild  steel 
studs  IVr  in.  in  diameter,  spaced  according  to  the 
load  to  be  carried.  The  number  of  the  studs  varied 
according  to  the  weight  of  the  tubes  to  be  suspended. 
The  studs  and  all  surfaces  of  sleeves  and  tubes  were 
covered  with  hot  bituminous  material  while  being  put 
together.    The  joints  in  the  12-in.  tubes  for  the  inner 
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and  outer  linings  were  staggered  by  starting  with  a 
G-ft.  length  of  outside  lining  and  a  r2-ft.  length  of 
inside  lining.  The  tubes  for  the  inner  cast  iron  lin- 
ing had  four  lugs  cast  of  the  outer  circumference 
near  the  bottom  of  each  pipe  to  keep  the  linings  con- 
centric. The  double  cast  iron  lining  was  sunk  3  ft. 
into  the  rock  to  a  total  depth  of  188  ft.  so  as  to  over- 
lap the  20-in.  perforated  tubes. 

At  the  tops  of  the  borings  guide  tubes  were  fixed 
for  a  depth  of  30  ft.  These  consisted  of  lap-welded 
mild  steel  pipes,  38-3s  in.  internal  diameter,  of  metal 
14  in.  thick,  formed  in  two  15-ft.  lengths,  and  joined 
into  one  pipe  30-ft.  long  by  means  of  external  welded 
circumferential  butt  straps,  single  riveted  on. 

Slotted  Tubes  in  Water  Bearing  Strata. — The  per- 
forated or  slotted  tubes  (Fig.  3)  lining  the  Ashdown 
sand  rock,  which  forms  the  water-bearing  strata,  are 
of  the  same  thickness  of  metal  and  are  jointed  simi- 
larly to  slotted  tubes  referred  to  above.  Wherever  the 
12-in.  slots  or  perforations  came  opposite  soft  clay 
beds  occurring  in  the  Ashdown  sand,  the  slots  were 
filled  with  Portland  cement  before  placing  the  pipes 
in  position,  in  order  to  shut  out,  as  far  as  possible, 
any  friable  material  likely  to  fall  off  the  sides  of  the 
borings  into  the  insides  of  the  tubes.  Careful  meas- 
urements taken  during  the  sinking  of  the  bore  wells 
by  means  of  the  boring  rods  of  the  positions  and 
depths  of  the  strata  bored  through. 

Bituminous  Coating  for  Tubes. — The  cast  iron 
tubes,  immediately  on  being  turned  out  from  the 
foundry,  were  subjected  to  an  hydraulic  pressure 
test.  Those  proving  satisfactory  were  at  once  ma- 
chined at  the  ends  and  afterward  coated  as  soon  as 
possible  to  avoid  rust. 

Having  been  cleaned  free  from  mould,  sand,  etc., 
the  tubes  were  then  fully  immersed  in  a  bath  of 
clean  hot  water  at  full  boiling  temperature,  to  re- 
move carbon,  dirt,  or  other  foreign  substances,  and 
were  not  removed  from  the  bath  till  they  had  ac- 
quired the  temperature  of  the  water.  After  removal 
from  this  hot  water  bath,  the  tubes  were  separately 
wholly  immersed  vertically  in  a  hot  solution  of  the 
bituminous  coating  prepared  according  to  the  Dr. 
Angus  Smith  process  at  a  temperature  of  from  300 
to  350°  F.  The  pipes  remained  in  this  solution  for 
some  minutes,  and  were  then  gradually  withdrawn 
and  allowed  to  drain  off  by  suspending  them  in  a  ver- 
tical position.  The  coating  fumed  freely,  and  set 
hard  within  an  hour.  In  order  to  avoid  pin  holes, 
find  to  render  the  coatings  more  uniform,  the  tubes 
were  twice  dipped  as  above  described.  The  bituminous 
mixture  consisted  of  a  refined  coal  tar,  pitch,  linseed 
oil,  and  resin,  heated  in  a  suitable  furnace,  and  the 
whole  process  resulted  in  a  good,  firm,  durable  coat 
upon  all  castings  used.  Similar  bituminous  coat- 
ings were  applied  hot  at  the  site  of  the  works  to  the 
joints,  whilst  putting  the  tubes  together  ready  for 
lowering  into  the  borings. 

Previous  to  despatch  by  rail,  the  tubes  were  all 
packed  with  soft  material,  so  as  to  prevent  damage 
to  the  coatings  in  transit.  All  bright  machined  parts 
were  also  coated,  but  this  coating  had  to  be  cleared  off 
immediately  before  joining  up  the  tubes,  in  order  to 
permit  of  the  spigot  ends  entering  the  mild  steel 
sleeves.  A  fresh  hot  coating  was  then  applied,  and 
the  tube  slipped  home  into  its  final  position  in  the 
sleeve.  The  studs,  after  immersion  in  the  bituminous 
composition,  were  then  inserted. 

Sinking  of  Lining  Tubes  After  Placing  in  Borings. 
A  short  time  after  the  20-in.  perforated  tubes  took 
their  full  bearing  upon  the  bottoms  of  the  borings, 
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these  tubes,  owinj;  to  their  considerable  weight,  and 
to  the  gradual  softening  of  the  strata  due  to  the  ac- 
cess of  water  thereto,  commenced  sinking.  This 
^rouble,  if  not  arrested,  would  soon  have  had  the  ef- 
fect of  losing  the  necessary  lap  provided  at  the  top 
CI  the  20-in.  perforated  tubes.  During  boring  opera- 
tions it  was  found  that  the  principal  water-bearing 
fissures  occurred  some  distance  up  from  the  bottoms 
of  the  borings,  and,  in  view  of  this,  in  order  to  arrest 
the  further  settlement  of  the  20-in.  tubes,  a  Portland 
cement  grout  plug,  about  7  ft.  in  length,  was  placed 
at  the  bottoms  of  the  two  bores  at  a  depth  of  336  ft. 
from  the  surface.  When  these  plugs  had  become 
properly  set,  the  sinkage  of  the  cast  iron  linings  com- 
pletely stopped.  In  the  event  of  it  being  desired  at 
any  future  date  to  sink  the  borings  deeper,  these  ce- 
ment plugs  could  readily  be  bored  through  with  a 
smaller  diameter  hole. 


Operating  Rules  for  Small  Sewage 
Treatment  Plants 

In  a  paper  presented  last  spring  before  the  Iowa 
Engineering  Society,  J.  H.  Dunlap,  Associate  Profes- 
sor of  Hydraulics  and  Sanitary  Engineering  at  the 
State  University  of  Iowa,  suggested  that  the  State 
Board  of  Health  should  prepare  directions  for  the 
operation  of  certain  sewage  treatment  plants,  rep- 
resentative of  general  types.  One  plant,  of  course, 
differs  from  another,  even  of  the  same  type,  to  such 
an  e.xtent  that  no  one  set  of  directions  would  apply 
generally.  In  order  to  illustrate  what  might  be  done 
in  one  particular  case,  Prof.  Dunlap  gave  the  follow- 
ing directions  as  applying  to  the  operation  of  the 
plant  at  the  State  Hospital  and  Colony  for  Epileptics 
at  Woodward,  la. : 

Daily. 

1.  Visit  the  plant. 

2.  Give  every  part  of  the  plant  careful  inspection. 
.3.  Record  the  amount  of  sewage  flow. 

4.  Fill  out  the  report  blank  for  the  day. 
Weekly. 

1.  Take  samples  of  raw  sewage  and  of  tank  effluent 
in  the  Imhoff  conical  glasses,  and  find  the  per  cent 
removal  of  solids  after  2  hours'  settling.  It  should 
average  95  per  cent. 

2.  Break  up  the  scum  in  the  gas  vents  with  the 
hose. 

3.  Measure  and  record  the  depth  of  sludge  in  the 
fcludge  chamber. 

4.  Clean  the  inflow  channels  and  the  inlet  and  out- 
let weirs. 

5.  Skin  the  sedimentation  chamber. 

6.  Squeegee  the  side  walls,  aprons  and  slot.  (This 
may  have  to  be  done  more  or  less  frequently.) 

7.  Take  a  sample  of  the  filter  eflluent  for  the  methy- 
lene blue  test  for  relative  stability.  When  kept  at  a 
temperature  of  68  F.,  the  blue  color  should  be  re- 
^jiinod  for  at  least  10  days. 

8.  Operate  all   valves. 

0.  Turn  water  through  the  sludge  grids  for  one 
minute. 

10.  P'ill  out  report  blank  to  date. 
Never. 

1.  Never  fill  the  tank  with  sewage  when  empty. 
Use  water. 

2.  Never  unnecessarily  agitate  the  contents  of  the 
sedimentation  chamber. 

3.  Never  by-pass  sewage  either  at  the  inlet  or  from 


the  siphon  chamber  without  recording  the  reason, 
date  and  duration,  and  notifying  the  St:ite  Board  of 
Health  within  24  hours. 

4.  Never  run  out  large  amounts  of  sludge  at  a 
time;  better,  small  amounts  every  2  to  6  weeks. 

5.  Never  withdraw  all  the  ripened  sludge.  Some 
.'hould   be  left  to  seed  the  tank. 

6.  Never  fill  the  sludge  bed  to  a  depth  of  more 
than  18  in. 

7.  Never  allow  the  sludge  in  the  sludge  chamber 
to  rise  closer  to  the  slot  than  2  ft. 

8.  Never  stir  the  surface  of  the  sand  filters  to  a 
depth  greater  than  '  j  in. 

9.  Never  allow  the  filter  beds  to  stand  flooded. 

10.  Never  by-pass  sewage  directly  to  the  under- 
(Irains  by  digging  holes  through  the  sand. 

11.  Never  allow  weeds  and  grass  to  clog  the  sur- 
face of  the  filters. 

12.  Never  add  new  sand  which  has  not  been  ap- 
proved by  the  State  Board  of  Health. 

Always. 

1.  Always  recollect  that  the  business  of  this  plant 
is  to  transform  the  organic  matter  in  the  sewage  so 
ihat  the  final  filter  effluent  will  be  clear  and  non- 
putrescible. 

2.  Always  keep  in  mind  that  only  about  '•{  of  the 
total  organic  matter  settles  out  in  the  Imhoff  tank. 

3.  Always  remember  that  the  remaining  '-':;  must 
be  oxidized  by  bacterial  action  in  the  sludge  beds 
into  harmless  mineral  compounds. 

4.  Always  back-fill  the  sludge  pipe  with  water,  and 
flush  out  the  pipe  running  to  the  sludge  bed,  after 
withdrawing  sludge. 

5.  Always  clean  the  surface  of  the  sludge  bed  be- 
fore applying  a  new  dose,  and  add  more  top  sand  if 
necessary. 

6.  Always  make  sure  that  there  is  enough  room  in 
the  sludge  chamber  for  the  winter  sludge. 

7.  Always  note  the  distribution  of  sewage  over  the 
filters,  and  if  uneven,  correct  it  by  re-leveling  the 
1  M,ds  or  re-baffling  the  distributors. 

8.  Always  keep  the  filter  surface  open  by  raking  or 
harrowing  to  a  depth  not  greater  than  '  j  in.  When 
this  fails  to  prevent  ponding,  remove  the  upper  's  in. 
of  sand  and  surface  mat.  Not  more  than  1  in.  of  sand 
.'■hould  be  removed  in  one  year. 

9.  Always  give  the  beds  a  thorough  overhauling  in 
the  late  fall  just  before  freezing  weather.  Pile  up 
the  dirty  sand  in  small  piles  6  to  8  in.  high  and  3  to 
6  ft.  apart.     These  piles  will  help  support  the  ice. 

10.  Always  watch  for  warm  days  in  winter,  when 
the  surface  of  the  filters  may  be  put  into  good  condi- 
tion. 


ThriH'-Vear  Courses  in  Engineering  and  Ship  Con- 
struction at  Lehigh. — Dr.  H.  S.  Drinker,  President  of 
Lehigh  L'niversity,  reports  that  there  has  been  a  ver>- 
large  number  of  applicants  for  admission  to  the  Uni- 
versity's 3-year  war  courses  entitling  graduates  to  de- 
grees in  engineering  and  arts  and  science.  He  points 
out  that,  while  these  new  courses  cover  the  full  sched- 
ules formerly  given  in  four  years,  sufficient  vacation 
time  is  nevertheless  afforded.  The  Lehigh  University 
3-year  course  in  Ship  Construction  and  Marine  Trans- 
portation, to  be  started  in  September,  will  be  under 
the  direction  of  Prof.  F.  P.  McKibben,  head  of  the 
Department  of  Civil  Engineering.  The  new  course 
will  be  a  combination  of  engineering  and  economics  to 
prepare  students  for  ship  construction  during  the  war 
and,  in  addition,  foreign  commerce  after  the  war. 
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Effect  of  War  Conditions   Upon 

Construction,  Operation  and 

Maintenance  of  Water 

Works 

Water  works  construction  labor  has  greatly  in- 
creased in  cost  and  decreased  in  efficiency;  construc- 
tion and  operating  materials  have  more  than  doubled 
in  price;  chemicals  have  advanced  from  50  to  100  per 
cent;  the  operating  and  maintenance  expenses  have 
increased  approximately  one-third,  while  the  normal 
annual  increase  in  revenue  has  in  general  decreased. 
These  are  the  findings  of  the  special  committee  of  the 
American  Water  Works  Association  appointed  to 
compile  infonnation  concerning  the  effect  of  war  con- 
ditions upon  the  water  works  of  the  United  States. 
Data  were  obtained  from  about  50  municipally  and 
corporately  ovmed  water  works  plants  in  the  United 
States.  The  committee,  consisting  of  Leonard  Met- 
calf,  chairman;  George  A.  Johnson  and  George  W. 
Fuller,  has  collected  this  material  in  a  report,  from 
which  the  matter  following  is  extracted. 

Construction  Labor  and  Material  Costs. 

Advance  in  Costs  of  Unskilled  Construction  Labor. 

— The  report  from  44  American  water  works  indicate 
an  average  advance  over  pre-war  prices  prevailing  in 
1915  of  13  per  cent  in  1916  and  27  per  cent  in  1917, 
the  fragmentary  figures  submitted  for  the  opening  of 
1918  showing  materially  greater  increase.  It  is  im- 
portant to  note  that  comparison  of  past  and  present 
wage  scales  does  not  tell  the  whole  story  of  increase 
in  cost  of  labor  to  water  works.  Unfoi-tunately,  there 
has  been  marked  decrease  in  efficiency.  The  estimate 
of  percentage  loss  in  efficiency,  comparable  with  the 
efficiency  of  1915  and  prior  thei-eto,  varied  from  20  to 
50  per  cent.  The  consensus  of  opinion  seems  to  range 
between  25  and  35  per  cent. 

It  thus  appears  that  the  loss  in  efficiency  of  labor  is 
practically  equal  to  its  increase  in  wage.  The  full 
increase  in  cost  of  labor,  due  to  the  combined  effect 
of  increase  in  wages  and  loss  of  efficiency,  is  approxi- 
mately 50  per  cent  in  excess  of  the  pre-war  costs  and 
nearly  as  much  over  those  of  1916. 

Advance  in  Cost  of  Cast  Iron  Pipe. — Cast  iron  pipe 
of  6-in.  and  larger  diameter  shows  an  increase  in 
prices  over  those  of  1915  of  26.7  per  cent  in  1916,  and 
112.9  per  cent  in  1917.  The  corresponding  figures  for 
1918  are  too  fragmentary  for  averaging,  but  indicate 
a  slightly  smaller  increase  over  1915  than  did  the  1917 
figures,  by  reason  of  the  stabilizing  effect  of  govern- 
mental control.  The  difference  is  nearly  negligible, 
however. 

Advance  in  Cost  of  Valves. — Reports  from  11  water 
works  in  different  parts  of  the  country  on  the  cost  of 
6-in.  valves  show  an  advance  in  price  of  13.1  per  cent 
in  1916,  71  per  cent  in  1917  and  approximately  107  per 
cent  in  1918,  all  as  compared  with  pre-war  prices. 

Advance  in  Cost  of  Operating  Supplies. 

Coal. — The  prices  paid  for  coal  by  41  important 
water  works,  indicate  an  advance  in  prices  in  1916, 
1917  and  early  1918,  over  those  prevailing  in  1915,  of 
approximately  15,  74  and  117  per  cent,  respectively.  It 
is  interesting  to  note  the  variation  in  the  different 
parts  of  the  country.  The  East  suffered  in  far  greater 
measure  than  the  South  and  the  West;  the  Central 
States  in  like  measure  with  the  Southern  and  West- 
ern states  in  the  years  1916  and  1917,  and  in  greater 
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measure  than  any  of  the  other  groups  in  1918.  Inci- 
dentally, it  may  also  be  noted  that  the  prices  of  fuel 
oil  reported  for  one  large  plant  in  Louisiana  and  one 
in  California  show  an  advance  in  price  in  the  opening 
of  1918  of  approximately  150  per  cent  over  those  pre- 
vailing in  1915. 

Unfortunately,  in  coal  as  in  labor,  the  advance  in 
unit  prices  does  not  reflect  the  entire  increase  in  cost, 
in  as  much  as  decline  in  quality  of  the  coal  has  been 
very  generally  observed.  Effort  was  recently  made  to 
obtain  exact  infoi-mation  upon  this  subject  by  the  In- 
dianapolis Water  Co.  through  a  study  of  the  relative 
coal  consumption  per  million  gallons  of  water  pumped 
during  the  past  two  years,  or  thereabouts.  The  re- 
sults of  this  study  indicate  a  decline  in  quality  of  the 
coal  from  10  to  15  per  cent,  broadly  speaking.  The 
results  are  characteristic,  rather  than  precise. 

Carleton  E.  Davis,  chief  of  the  Bureau  of  Water  of 
Philadelphia,  reports  that  at  one  of  their  main  pump- 
ing stations  the  increase  in  coal  consumption  during 
the  past  12  months  or  so  was  17.3  per  cent  per  1,000,- 
000  gal.  pumped,  because  of  the  inferior  quality  of 
the  coal.  At  other  stations  a  change  in  the  type  of 
pump  or  character  of  fuel  used  makes  a  comparison 
impossible. 

Advance  in  Price  of  Alum. — The  record  of  prices 
paid  by  water  works  for  alum,  in  cents  per  pound,  is 
interesting  and  significant.  It  is  to  be  borne  in  mind, 
however,  that  it  reflects  the  leveling  effect  of  long- 
time contracts  under  a  rising  market.  This  is  indi- 
cated by  comparison  o'f  the  prices  submitted,  with  the 
average  New  York  market  prices,  quoted  from  the 
Journal  of  Industrial  and  Engineering  Chemistry. 

The  figures  submitted  indicate  an  advance  in  1916 
and  1917  over  the  prices  of  1915,  of  approximately  30 
and  84  per  cent,  whereas  the  advance  in  the  New 
York  market  prices  over  the  1915  scale  was  123  per 
cent  in  1916  and  approximately  72  per  cent  in  1917, 
the  decline  in  the  latter  year  reflecting  Government 
control. 

Water  Works  Operation  and  Maintenance  Costs. 

Returns  were  received  from  50  important  water 
works  concerning  their  gross  annual  revenue,  operat- 
ing expense  including  taxes  but  excluding  deprecia- 
*:ion  allowance,  and  the  resulting  operating  revenue 
applicable  to  depreciation  allowance,  fixed  charges, 
dividends  and  surplus. 

These  records  indicate,  as  do  the  construction  rec- 
ords, that  no  marked  change  in  conditions  was  felt 
until  1916;  that  the  gross  annual  revenues  for  1916 
and  1917  were  respectively  6  and  9  per  cent  in  excess 
of  those  for  1915,  but  slightly  more  than  those  for 
1914,  on  the  basis  of  all  the  records  received,  or 
8.5  and  13.5  per  cent  on  the  basis  of  the  average  of 
group  averages.  The  normal  advance  in  gross  rev- 
enue, corresponding  to  the  growth  in  population  and 
in  investment,  would  probably  have  exceeded  6  per 
cent  per  annum  and  may  have  been  substantially 
greater  than  this  amount. 

The  increase  in  operating  expenses  over  those  of 
1914-15  was  6  and  19  per  cent  for  1916  and  1917, 
respectively,  on  the  basis  of  all  the  records  received, 
and  12.7  and  32.6  per  cent  on  the  basis  of  the  average 
of  the  group  averages. 

The  resulting  operating  revenues  applicable  to  the 
depreciation  allowance,  fixed  charges,  dividends  and 
surplus  for  1916  and  1917,  were  respectively  6  and  2 
per  cent  in  excess  of  those  for  1915,  all  on  the  basis 
of  the  average  of  all  of  the  records  received;  and  3.4 


August  14.  1V1«. 


EXGIXRERIXG     AND     COXTKACTIXti 


177 


hnd  0  per  cent,  respectively,  in  excess  of  1915.  on  the 
V<asis  of  the  average  of  the  four  group  averages. 

Broadly  speaking,  therefore,  it  appears  that  the  in- 
trease  in  operating  expense  has  substantially  absorbed 
the  normal  increase  in  gross  revenue  and  has  left  no 
revenue  to  carry  the  burden  of  additional  investment. 
There  is  marked  decline  in  revenue  in  the  eastern 
group,  however. 

Conclusions. 

First.  That  the  water  works  of  the  United  States 
have  suffered,  through  war  conditions,  large  increase 
in  construction  and  operation  costs. 

Second.  That  market  decline  in  net  revenue  has  re- 
sulted. 

Third.  These  conditions  did  not  begin  to  make  them- 
selves generally  felt  until  late  in  1916.  and  it  was  not 
until  the  latter  part  of  the  following  year  that  they 
became  serious.  The  desirability  and  continuity  of 
employment  tended  to  delay  the  advance  in  wages. 

Fourth.  The  advance  in  cost  of  labor  used  in  ex- 
tension and  minor  construction  work,  by  water  works 
in  this  country,  has  gathered  force  in  the  last  6 
months,  and  it  is  the  general  opinion  of  municipal  and 
corporate  managers  that  additional  increases  are  cer- 
tain to  come  during  1918  and  thereafter,  if  labor  is 
to  be  held. 

Fifth.  It  is  undesirable  to  replace  old,  well-trained 
forces,  familiar  with  these  water  works  properties, 
with  other  labor  not  having  this  familiarity,  in  the 
effort  to  hold  the  wages  at  a  point  below  the  general 
local  standard  for  similar  service.  The  character  of 
the  service  would  suffer  and  it  would  not  be  fair  to 
labor. 

Sixth.  Serious  and  conscientious  effort  has  been 
made  by  water  works  operators  generally  to  reduce 
construction  and  operating  forces  to  a  minimum. 

These  reductions  have  in  many  cases  already  gone 
beyond  desirable  limits,  even  to  reducing  the  work- 
ing efficiency  of  the  properties. 

In  other  cases  still  greater  economies  are  possible 
in  better  consumption  of  coal;  waste  reduction  b.v 
increased  use  of  controlling  meters,  pitometer  sur- 
veys, and  more  frequent  house  to  house  inspection. 


i-nd  in  quarterly  instead  of  monthly  meter  readings 
of  small  meters. 

Seventh.  The  general  situation  is  a  very  serious 
one  and  has  shown  itself  in  increasing  difficulty  of 
attracting  capital  for  necessary  betterments.  While 
extension  of  service  is  likely  to  be  increasingly  limited 
with  the  conditions  of  war,  it  would  be  unfortunate, 
if  the  activities  of  important  industrial  and  commer- 
cial centers,  particularly  those  concerned  in  gov- 
ernmental activities,  should  be  thus  circumscribed. 

Eighth.  The  menace  of  the  situation  lies  in  the 
increasing  difficulty  under  such  conditions  of  main- 
taining constantly  a  water  ser\'ice  safe  from  a  sani- 
tary standpoint,  necessary  for  good  fire  protection 
service,  and  adequate  for  industrial,  commercial  and 
domestic  needs. 

Ninth.  Public  Service  Commissions  and  other  reg- 
ulatory bodies  have  already  recognized  the  danger 
of  the  present  situation  to  the  public  as  well  as  to 
the  utilities,  and  are  likely  at  least  to  afford  such  re- 
lief as  may  seem  to  them  necessary  to  maintain  credit, 
but  it  is  imperative  for  water  works  operators  to  keep 
clear  records,  showing  the  actual  change  in  condi- 
tions and  prices  of  materials  and  labor,  that  these 
bodies  may  have  uncontestable  proof  upon  which  to 
pass  judgment  as  to  the  necessity  for  relief. 

Tenth.  It  is  imperative,  in  the  interest  of  good 
service,  that  water  works  operators  of  municipally 
as  well  as  corporately  owned  plants,  should  anticipate 
their  construction  and  operation  needs,  as  far  as 
possible,  and  should  be  careful  to  obtain  the  neces- 
sary priority  orders,  that  the  quality  of  the  water 
and  the  service  rendered  may  not  be  seriously  im- 
paired in  the  future  for  want  of  construction  and  op- 
eration materials  and  supplies. 


Effect  of  Cold  Weather  on  Meters  at  Wilmington. 
Del. — Owing  to  the  severe  cold  weather  last  winter 
about  1,600  meters  at  Wilmington,  Del.,  had  to  be  re- 
moved. In  one  week  400  frozen  meters  were  taken 
out,  while  in  the  last  week  of  January  the  electric  ma- 
chine of  the  Water  Department  thawed  out  100  water 
.cervices.  The  Department  found  frost  30  in.  below 
the  surface  of  the  ground. 


T.XBLK    I.— SUMMARY    OF    DATA    UPON    INCREASE    IN    COST    OF    LABOR    AND    MATERIALS    TO    WATER   WORKS    IN    THE 
UNITED    ST.VTES    AS    REPORTED    TO    THE    E.XECUT1VI-,   Ci  l.M.MITTEE   OF  THE   .\.\IERICAN    WATER   WORKS 

-ASSOCIATION.    .MAY.  1;"1S. 

Num'jer  , Prices  per  Unit v    , Increase  over  191S » 

of  3  months  S  manths 

Records.  131.-).  1916.  1917.  1918.           1916.  1917.             191S. 

Item.                                                                                          CIS.  Ct8.  Cis.  'T             Fct.  Pet.            Pet.  't 
Unskllied  labor*— In  ets.  per  hour — 

a.   Wi-Hlern     uroup     7             27.0  28.5  si. 4  .5  IS 

I).  Ceiitriil    croup    12             21.7  25.3  26.9  17  24 

e.   Kaslern     group     r.             23.0  26.7  30.4  If!  .12 

<1.  Southern    in-oup     10             17.9  20.6  24.5  l.'.  37 

e.  AveraKe   of   Kroups    (4)    —             22.4  26.3  28.3  13  27 

f.  Averase     of     nil     41             22.1  25.2  28.3  14  28 

Cufct    Iron    plye— per   2.000    lb 21           J2I.23  130.70  $51.60  26.7  112.9 

6-ln.     valves     11           $11. IS  $12.64  $19.13  $23.20            13.1  71.1             107.6 

12-lM     valve*     3             34.78  41.53  65.22  69.00             19.4  S7.6               »S.7 

2-Wiiy  hydrants   )>             26.69  32. U4  43.13  53.90          $30.1  $61.6           $102  0 

'i.al   per   2.t»00    lb. — 

a.  Eastern     group     13               2.98  3.80  .■..96  7.04            17.5  100                13(.I 

c>.  Central    (.Toup    11               2.41  2.77  3.76  6.SS            14.»  66.4             164.7 

I-    .Southern    ktoup    12               1.92  2.01  3.03  4.02              4.7  57.8             10)4 

.1.   W.-.Ml.Tn    Kroup    S               3.97  4.37  6.31  7.8»            10.1  58.9               9.S.7 

.-.   .W.ni-.;.-   of   Kroups    (4)    2.82  3.24  4.77  6.33            14.9  69.2             114.4 

f    Av.rak.-    i.f    .111    41               2.62  3.04  4.62  S.69            I5.S  73.7             117.1 

Fui'l    lol,    ctH.    per   Kallon    I               1.80  1.80  2.00  4.50              0.0  11.1             Itn.o 

(••u.-l    ,-.11.    ctn.    p.r   Kallon    1               1.38  1.50  2.57  3.55              8.7  8«  2             167  3 

AlutTi.  clw.   per  pouiid — 

».   WtKlvrn    Kr...ip    2               1.14  1.21  1.51  J.l  414 

b.  Central    (crovip    6               0,91  0.91  1.25  0.0  37.0 

c.  Kantern     ({roup     9               1.12  1.72  1.4S  S4.0  32.7 

•  I.  Soiithirn   Kr<jup    9               1.08  1.38  1.48  18.0  37.0 

e.  Averak-e  ol   Kroups  (4)   1.00  1.30  1.43  23  3  36  1 

f.  Averaae    of    .ill     2".               1.07  1.40  1.44  SO.S  34,4 

It.   New    York    market    i.rleei- t               2.08  4.C3  3  57  5  mos  S.IS  1230  71.6               61.4 

•Xolf  — It  MUM  K.TKTiillv  r<|.<.rt<-<l  that  there  ha*  been  also  a  mnrk.-d  ''.•<'.;i,«c  In  .tn.-lenry  of  labor  iilnee  the  year  1914.  vari- 
ously Mallmaled  at  ln-lmcn  20  p.r  rent  and  50  per  cent;  and  th  nt  th.-  Ininao  In  whvth  paid  f)  lalor  by  Water  Work  had  not 
kept   pace   with   lontrait    prices  <>»  Intt  probably  to  the  advantaRe    of    continuity    of    service. 

•«Stlll  Incr.-nsliii.-  In  «ll  KroupH. 

;See  Journal  r>r  incbiMrlal  and  EnKlneerlnR  Chemistry.  Not»  that  1915  price  was  an  advance  of  34  per  cent  over  the  1911  aver- 
aKe  price   beft.r.-   111.    a.lvancfs  Muted   went   Into  effect. 

SAveraKe  of  monthly   prices.  J 
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Engineering    and     Construction 
Features  of  West  Side  Irriga- 
tion District,  California 

An  irrigation  system  having  several  interesting 
features  was  placed  in  review  last  spring  by  the  West 
Side  District  of  Tracy,  Cal.  The  distinctive  features 
of  the  system  include  first  a  single  pumping  plant  de- 
livering water  to  two  canals  at  different  elevations 
through  two  separate  pipe  lines,  and  second,  laterals 
following  the  property  lines,  irrespective  of  the  slope 
of  the  land,  the  necessary  drops  being  provided  by  rel- 
atively inexpensive  structures  composed  of  an  earth 
fill  across  the  canal  and  a  corrugated  metal  pipe.  An 
interesting  description  of  the  system  appeared  in 
Western  Engineering,  from  which  the  matter  in  this 
iirticle  is  abstracted.  The  district  comprises  about 
11,500  acres  of  land  on  the  west  side  of  the  San  Joa- 
quin Valley,  about  75  miles  east  of  San  Francisco. 

The  slope  of  the  land  varies  between  15  and  50  ft. 
to  the  mile.  The  land  has  been  cultivated  for  about 
fifty  years,  hay  and  grain  being  the  principal  crops, 
but  the  rainfall  is  scanty  and  variable,  ranging  from 
5  to  20  in.  per  year,  so  that  occasional  crop-failures 
occur.  None  of  the  land  within  the  district  has  been 
irrigated.  There  are  no  streams  from  which  a  gravity 
supply  could  be  obtained  nor  are  the  ground-water 
supplies  sufficient  for  irrigation.  The  only  practicable 
source  of  irrigation  water  is  by  pumping  from  the  San 
Joaquin  river. 

Early  in  1915  a  temporary  organization  was  formed 
among  some  of  the  land-owners  in  the  locality,  looking 
toward  the  formation  of  an  irrigation  district,  and  W. 
G.  Hunter,  of  Stockton,  was  retained  to  report  on  the 
project.  He  recommended  the  building  of  a  system 
consisting  of  an  intake-canal  e.xtending  from  Old  river, 
a  channel  of  the  San  Joaquin  river,  to  a  pumping  plant 
near  Bethany  on  the  Southern  Pacific  railroad,  two 
pressure  pipe-lines,  part  reinforced  concrete  and  part 
wood-stave,  one  line  about  4.000  ft.  and  the  other 
about  9,000  ft.  long,  each  supplying  a  main  canal,  to- 
gether with  laterals  and  minor  structures.  The  esti- 
m_ated  cost  of  this  system  was  $285,000,  based  on 
prices  prevailing  at  that  time. 

The  detailed  estimate  for  the  system  chosen  was  as 
lollows: 

Intake  canal —                                                                                            ,  ,,  ,,^ 

Kx.-avatioii  (222.600  cu.  yd.  at  50.11-)    ?  24,4b6 

Bridges     : J.OOO 

Right-of-way     3.514 

Total   intake   canal    i  32.000 

Pumping  Dlant — 

.Building  (inclusive  of  sump,  foundations  tor  machinery, 

incidental    equipment    and    station    grounds) $  IS, 000 

Pumping    machinery     24,500 

Total  pumping  plant    $  42,500 

Fipe-lines — 

Concrete    pipe    »  .^•O*'*' 

Wood-stave   pipe    5    SS 

Railroad    crossing    „•     n 

Wooden  bridges    '^SS 

Concrete   highway   bridge    600 

Right-of-way     2,700 

Total    pipe-lines    $  S5,800 

Canal   excavation,   265,000  cu.   yd.    at  $0.13    $  34,450 

Structures — 

Railroad    crossings    S     7,000 

Highway    crossings     16,800 

Farmers'    bridges    7,500 

Stop-gates     1,200 

Check-gates     900 

Lateral-gates     4,920 

Drops    10.500 

Fences     4,500 

Telephone    lines    3,500 

Lining  canals,   where  required    , 1,600 

Total  structures    $  58,420 

Right-of-way     6,830 

Engineering,  legal  and  administrative  expenses  25,000 

Grand   total    $285,000 


On  a  basis  of  11,500  acres  in  the  district,  the  cost 
per  acre  would  be  $24.78.  The  probable  annual  cost 
was  computed  as  follows: 

Bond  interest  was  assumed  at  6  per  cent,  the  bonds 
to  be  issued  for  40  years,  and  the  principal  to  be  paid 
during  the  last  20  years  of  that  period,  thus  giving 
ample  time  for  the  farmers  of  the  district  to  establish 
themselves  before  paying  the  principal.  On  this  basis 
the  annual  interest  charge  for  the  first  20  years  would 
be  $17,100  or  $1.48  per  acre.  The  charge  for  the  sec- 
ond 20  years  would  be  $24,847  or  $2.17  per  acre.  De- 
preciation was  figured  at  5  per  cent  per  year  on  the 
wood-stave  pipe,  2  per  cent  per  year  for  the  concrete 
structures,  and  3  per  cent  per  year  for  the  rest  of  the 
system.  The  total  yearly  depreciation  was  computed 
to  be  $8,120,  or  $0,706  per  acre.  Ditch-tending  and 
canal  maintenance  was  assumed  at  $0.50  per  acre  per 
year  after  all  the  district  is  using  water,  and  $0.35  per 
acre  per  year  during  the  first  five  years.  Attendance 
at  the  pumping  plant  was  figured  on  the  basis  of  one 
engineer  and  one  helper  for  the  entire  year  and  two 
additional  engineers  and  one  additional  helper  during 
the  six  months  of  the  irrigation  season.  The  attend- 
ance charge  would  be  $4,350  per  year,  or  $0,378  per 
acre.  Assuming  the  cost  of  power  as  ^ict.  per  kw.  hour 
and  the  over-all  efficiency  of  the  pumping  plant  at  67.5 
per  cent,  the  charge  for  power  would  be  $0.96  per  acre- 
foot.  Of  the  total  area  of  the  district,  10  per  cent  will 
probably  never  be  irrigated  on  account  of  roads,  build- 
ings, farm-yards,  etc.  A  25  per  cent  allov/ance  for 
canal  losses  should  be  made.  Two  acre-feet  per  acre  per 
season  will  be  needed  for  the  land  irrigated.  For  the 
first  five  years  the  average  area  under  irrigation  will 
probably  be  about  5,000  acres,  and  the  total  charge  for 
power  will  be  about  $1  per  acre  per  year.  Later,  when 
all  the  irrigable  land  is  using  water,  the  cost  will  be 
about  $2  per  acre.  For  the  first  five  years  the  proba- 
ble annual  cost  per  acre  would  be  as  follows: 

Bond    interest    $1.48 

Canal   attendance   and   maintenance    0.35 

Fumjiing-plant     attendance     0.38 

Power    100 

Total,  exclusive  of  depreciation    $3.21 

Depreciation     0.70 

Total      $3.91 

For  the  next  15  years,  the  probable  annual  cost,  in- 
cluding depreciation,  would  be  $5.06  per  acre.  For 
the  next  20  years,  the  probable  annual  cost  will  be 
$5.75  per  acre.  Should  three  acre-feet  per  acre  be  re- 
quired during  this  period,  the  cost  of  power  will  be 
increased  proportionally,  and  the  total  probable  cost 
will  be  $6.75  per  acre. 

The  district  was  formed  in  October,  1915.  and  Mr. 
Hunter  was  retained  as  chief  engineer  for  the  district. 
In  May,  1916,  he  reported  in  favor  of  the  construction 
of  an  irrigation  system,  substantially  as  outlined 
above,  and  this  report  was  approved  by  C.  E.  Grunsky, 
as  consulting  engineer.  The  report,  together  with 
plans  and  estimates,  was  filed  with  State  Engineer 
W.  F.  McClure  on  June  10,  and  on  June  26,  the  plans 
were  approved  by  him.  Because  of  legal  technicali- 
ties, the  bonds  were  not  voted  until  November,  1916. 
Similar  technicalities  delayed  the  sale  of  the  bonds 
until  June,  1917.  They  were  then  sold  $270,000  to  the 
City  Bank  of  Stockton  at  103.12  and  $25,000  to  the 
Bank  of  Tracy  at  103.25.  This  unavoidable  delay  of 
a  whole  year,  bringing,  as  it  did,  the  period  of  con- 
struction into  war  times,  was  an  expensive  one  for  the 
district,  both  on  account  of  the  higher  prices  and  of 
the  delay  in  obtaining  water. 

Soon  after  the  award  of  the  first  contract  in  Decem- 
ber, 1916,  it  became  evident  that  the  money  from  the 
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bonds  would  not  be  available  until  June.  1917.  The 
rest  of  the  work  w'as  therefore  postponed  until  that 
lime.  The  entire  system  was  divided  into  IS  con- 
traits.     Contract  No.  1  covered  the  intake-canal. 

Contract  No.  2  for  furnishinj;  power  was  awarded  to 
the  Sierra  &  San  Francisco  Power  Co.  at  rates  ranginp 
from  0.55  ct.  to  0.75  ct.  per  kilowatt-hour. 

Contract  No.  3,  for  furnishing  the  machinery  for  the 
pumpint?  plant,  was  awarded  to  the  Klectric  &  Machine 
Kquipment  Co..  of  Stockton,  for  $5r..718.  The  principal 
item<  of  this  eiiuiiinient  are  as  follows:  Seven  15-in. 
Byron  .Jackson  centrifugal  pumps,  three  to  deliver  not 
less  than  IS-.,  cu.  ft.  of  water  per  second  each  against 
a  head  of  (i4  ft.  and  with  a  speed  of  875  r.p.m  ,  and  the 
other  four  to  deliver  the  same  quantity  of  water 
;  (fainst  a  head  of  12f)  ft.  and  at  a  speed  of  I.IGO  r.p.m. 
The  low-lift  punips  to  use  not  more  than  175  hp.  each 
!  nd  the  hiph-lift  pumps  to  use  not  more  than  .320  hp. 
Seven  2,200-V'>lt.  .'^-phase.  GO-cycle  Westinphouse  mo- 
tors, three  to  develop  200  hp.  and  the  other  four  325 
hp.  Three  Westinphouse  transformers  and  one  Gen- 
eral Electric  Co.  switchboard.  Two  Byron  Jackson 
priminp-pumps. 

Contract  No.  10  i.s  for  constructing  the  two  lines  of 
reinforced  concrete  pipe  from  the  pumping-plant 
building  to  a  point  near  the  Southern  Pacific  Co. 
tracks.  One  line  44  in.  diam.  is  to  receive  the  dis- 
charge from  the  three  low-lift  pumps,  and  the  other 
line,  whose  diameter  is  48  in.,  receives  the  discharge 
trom  the  four  high-lift  pumps.  The  original  intention 
hid  been  to  make  these  lines  48  in.  and  54  in.  diam.. 
respectively,  and  the  same  with  the  wood-stave  pipe- 
lines. On  account  of  the  increase  in  prices  of  materi- 
{.Is  and  labor,  however,  it  was  decided,  after  comparing 
the  saving  in  first  co.st  for  the  smaller  pipe  with  the 
increased  annual  cost  for  power,  to  use  the  smaller 
pipe.  The  pipe  is  to  be  made  of  1:2:4  concrete,  rein- 
forced with  twisted  square  bars.  The  pipe  is  to  be 
laid  in  trenches  six  or  seven  feet  deep.  This  pipe  is 
now  under  construction.  A  6-in.  tile-drain  is  to  be 
pl.iced  in  each  pipe-trench. 

Contract  No.  4.  for  furnishing,  digging  trenches  for, 
jind  laying  the  wood-stave  pipe-lines,  was  awarded  to 
the  Pacific  Tank  &  Pipe  Co..  of  San  Francisco,  for 
S79.300.  There  will  be  3.900  ft.  of  44-in.  pipe  and 
9.2.50  ft.  of  48-in.  pipe.  Laying  this  pipe  is  now  under 
way.  The  trenches  were  excavated  with  an  Austin 
trenching-machine.  The  depth  varied  from  6  to  9  ft., 
and  the  width  was  sufiicient  to  give  working-room  to 
the  men  laying  the  pipe.  The  soil  was  a  rather  light 
"adobe"  for  about  3  ft.  on  the  surface  and  a  sediment- 
ary loam  below  that  point.  The  cutters  on  the  ma- 
chine were  3  ft.  wide  and  the  additional  width  was 
obtained  by  having  men  with  long  crowbars  break  off 
the  material  at  the  sides  of  the  trench,  the  material 
falling  and  being  caught  on  the  cutters.  About  eight 
men  were  required  back  of  the  machine,  using  the 
crowbars,  and  also  finishing  the  trench.  The  machine 
made  about  100  ft.  of  trench  per  day  on  an  average, 
being  helped  to  some  extent  by  the  dryness  of  the  soil 
during  the  construction  period. 

Contract  No.  12.  for  the  lateral-drops,  lateral-gates, 
and  farmers'  bridges,  presents  some  unusual  features. 
Since  the  laterals  follow  the  property-lines,  a  large 
number  of  drops,  about  70  in  all.  are  re<iuired.  The 
original  plans  provided  for  concrete  structures.  The 
present  plan  is  for  a  cheaper,  but,  it  is  believed,  just  as 
serviceable  a  structure.  The  drop  consists  of  an  earth 
fill  across  the  canal,  the  same  height  as  the  canal- 
bank.  Through  this  fill  a  corrugated  metal  pipe  is 
placed,  ranging  in  size  from  18  to  30  in.  diam.,  accord- 


ing to  the  amount  of  drop  and  tiuantity  of  water. 
Wh^re  a  road  is  needed  at  that  point,  the  fill  is  made  15 
ft.  wide  on  top.  Where  no  road  is  required  the  fill  is 
4  ft.  wide.  The  corresponding  lengths  of  corrugated 
pipe  are  30  ft.  for  a  road  and  18  ft.  for  no  road.  The 
places  for  the  drop-structures  have  been  chosen  so 
that,  as  far  as  possible,  they  can  also  be  used  for  check- 
gates.  A  similar  construction  is  used  for  the  farmers' 
bridges  and  here  also  a  dnip  and  road-crossing  can 
Irequently  be  combined. 

As  the  work  progressed,  it  became  evident  that  the 
cost  of  constructing  the  system  would  be  considerably 
more  than  the  original  bond  issue.  This  was  mainly 
because  of  the  increase  of  prices  since  the  original 
estimate  was  made.  In  this  connection  a  study  of  the 
iictual  and  estimated  costs  of  the  different  parts  of  the 
-system  is  of  interest. 

As  might  be  expected,  the  pumping  machinery 
showed  the  greatest  increase  of  cost  over  the  estimate. 
The  total  cost  will  be  about  $59,000,  while  the  original 
estimate  was  $24,500.  The  cost  of  the  building  also 
ihows  a  considerable  increase,  the  contract  price  being 
825,789.  against  $18,000  in  the  estimate. 

Pipe-lines  also  proved  to  be  more  expensive  than 
was  expected,  even  though  the  sizes  were  decreased 
from  one  54-in.  and  one  48-in.  to  one  48-in.  and  one 
44-in.  The  estimate  for  the  wood-stave  pipe  was 
$69,300.  The  actual  cost  will  be  $80,150.  The  e.sti- 
mated  cost  of  the  reinforced  concrete  pipe  was  $16,500 
and  the- actual  cost  will  be  about  $26,000. 

The  cost  of  excavating  the  canals  will  be  about 
$55,000,  whereas  the  e.stimated  co.st  was  $34,450.  This 
was  partly  because  of  increased  quantity  of  excava- 
tion, but  mainly  because  the  actual  unit  price  was 
$0.18  per  cubic  yard,  while  the  estimated  price  was 
$0.13.  Canal  right-of-way  was  also  more  expensive 
than  was  anticipated.  The  original  estimate  was 
based  on  a  uniform  price  of  $50  per  acre,  which  the 
directors  of  the  district  decided  to  raise  to  $100  per 
acre.  This  increased  the  cost  of  canal  right-of-way 
from  about  $10,000  to  about  $20,000. 

Right-of-way  for  other  parts  of  the  system  than  the 
canals  has  cost  more  than  was  anticipated.  It  might 
be  noted  in  this  connection  that  the  principal  reason 
for  increased  cost  of  right-of-way  has  been  the  general 
increase  of  prices  of  land  in  the  district  since  it  was 
formed,  which,  in  turn,  is  the  direct  result  of  the  for- 
mation of  the  district.  The  increased  cost  of  the  work 
f.nd  the  increa.^-.ed  length  of  time  required  for  its  com- 
pletion have  caused  an  increase  in  engineering,  legal, 
and  other  general  expenses.  The  increased  cost  of 
the  system  emphasizes  the  advantage  of  the  system 
chosen  over  the  four  pumping-plant  system,  since  the 
latter  system  retiuired  a  large  amount  of  machinery, 
and  the  greatest  increase  of  cost  was  in  machinery. 

Taking  these  facts  into  consideration,  a  revised  esti- 
mate was  prepared  of  $392,823  for  the  cost  of  the 
f  vstem.  or  about  $34  per  acre.  The  original  bond  issue 
of  $295,000  sold  for  $304,250.  leaving  $88,273  to  be 
raised.  To  provide  for  contingencies,  the  Board  of 
Directors  of  the  district,  at  Mr.  Hunter's  suggestion, 
decided  to  make  the  additional  bond  issue  $100,000. 
and  called  an  election  for  Feb.  19  to  vote  on  the  issu- 
1  nee  of  those  bonds.  This  additional  bond  issue  will 
increase  the  interest  charges  (m  the  land  in  the  district 
about  $0.48  during  the  first  20  years  and  the  interest 
and  sinking-fund  charges  $0.64  during  the  next  20 
years. 

The  construction  of  the  system  has  been  in  charge 
of  W.  G.  Hunter,  of  Stockton,  chief  engineer  for  the 
.district, with  C.  E.  Grunsky.  of  San  Franci.sco,  as  con- 
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suiting  engineer.  The  system  has  been  planned  so 
that  additional  land  can  be  taken  into  the  district  and 
served  with  water  at  some  future  time.  The  most  fa- 
vorable direction  for  expansion  of  the  district  is  to  the 
easi. 


Methods  of  Making  Sewer  Pipe 
Joints 

In  a  topical  discussion  last  January  before  the  Sani- 
tary section  of  the  Boston  Society  of  Civil  Engineers 
much  interesting  information  was  brought  out  on  the 
various  methods  of  making  joints  in  sewer  pipe.  The 
discussion  is  printed  in  the  February  Journal  of  the 
Society,  from  which  the  following  matter  is  ab- 
stracted : 

Experiences  of  Metcalf  &  Eddy,  Consulting  Engi- 
neers, with  Poured  Joints.*— Prior  to  1907,  Metcalf  & 
Eddy  specified  cement  mortar  joints  for  vitrified  pipe 
in  seperate  sewers  as  well  as  storm  drains,  but  since 
that  year  some  form  of  poured  joint  has  been  gen- 
erally used  in  their  practice,  where  it  was  essential 
to  keep  out  ground  water. 

The  cement  mortar  joints  are  now  specified  as 
follows : 

The  joints  shall  be  .ns  nearly  water-tight  as  possible,  and 
shall  be  made  with  a  gasket  of  hemp  or  jute  and  cement  mortar 
composed  of  one  part  of  sand  and  one  pai't  of  Portland  cement. 
The  g-asket  shall  be  soaked  in  a  satisfactory  mixture  of  neat 
Portland  cement  and  v.-ater  and  then  inserted  between  the  bell 
and  spigot  and  carefully  calked  into  place  with  suitable_  calking 
tools.  The  g-asket  shall  be  in  one  continuous  piece  for  each 
joint  and  of  such  thickness  as  will  bring  the  pipe  to  the  required 
relative  position.  The  remainder  of  the  joint  shall  be  filled  with 
cement  mortar  applied  with  the  hands,  protected  with  rubber 
mittens,  well  pre.';sed  and  calked  into  place,  after  which  the  joint 
shall  be  beveled  off  with  mortar  for  a  distance  of  two  inches 
from  the  outer  edge  of  the  bell.  The  joint  shall  be  wrapped  in 
unbleached  cotton  cloth,  securely  tied  to  prevent  the  mortar 
from  shpping  or  being  otherwise  injured.  No  surplus  mortar 
or  other  toreign  substance  shall  project  into  the  pipes  from  the 
joints,  and  if  necessary,  they  shall  be  properly  cleaned  with  a 
suitable  scraper  or  by  other  means  before  the  mortar  becomes 
hardened. 

It  has  been  found  difficult  on  contract  work,  to  get 
sufficiently  water-tight  joints  in  this  manner,  al- 
though the  use  of  cheesecloth  for  wrapping  the  joints 
was  of  value  in  preventing  the  bottom  of  the  joint 
from  falling  off. 

A  mi.xture  of  sulphur  and  sand — using  equal  parts 
by  volume  of  flour  of  sulphur  and  very  line  sand — 
was  used  on  several  contracts.  Unless  the  sand  is 
very  line  and  practically  free  from  clay  the  resulting 
joint  is  apt  to  shrink  on  cooling,  causing  objection- 
able cracks.  Further,  the  sand,  if  too  coarse,  tends 
to  settle  out  of  the  mixture,  causing  trouble  in  pour- 
ing and  shrinkage  of  the  joint.  Some  very  successful 
work,  however,  has  been  done  with  this  material.  It 
appears  to  require  more  care  in  heating  than  some 
other  mixtures.  The  chief  difficulty  has  been  to  get 
a  satisfactory  mixture,  due  almost  entirely  to  the  size 
and  quality  of  the  sand.  On  contract  work,  this  is  a 
disadvantage.  The  joint,  also,  is  absolutely  rigid,  as 
is  the  case  with  cement  mortar. 

When  using  sulphur-sand  joints,  the  joint,  after 
being  poured  and  while  warm,  was  coated  with  hot 
tar  a,s  a  further  precaution  against  leakage. 

During  the  last  few  years,  a  number  of  compounds 
for  jointing  vitrified  pipe  have  been  placed  on  the 
market.  Since  1913,  Metcalf  &  Eddy  have  used  that 
known  as  G-K  compound,  now  made  by  the  Atlas  Co. 
of  Lincoln,  N.  J.   This  material,  said  to  be  made  large- 

•From  the  discussion  of  Frank  R.  A. A  Marston,  Designing  Engi- 
neer, with  Metcalf  &  Eddy,  14  Beacon  St.,  Boston,  Mass.. 


ly  of  vulcanized  linseed  oil  and  clay,  resembles  vul- 
canized rubber  or  coal  tar  in  appearance.  It  is  de- 
livered to  the  work  as  a  solid,  in  barrels.  It  is  easily 
melted  by  heating  in  an  iron  kettle  over  a  fire,  prefer- 
ably using  gasoline  or  kerosene,  so  that  the  heat  may 
be  controlled. 

Specifications  for  making  this  form  of  joint  as  well 
as  sulphur-sand,  are  as  follows: 

Where  plastic  joints  are  specified,  the  pipe  shall  be  laid  as 
previously  specified,  and  the  joints  shall  be  thoroughly  calked 
with  a  gasket  of  hemp  or  jute  in  one  continuous  piece,  and  of 
such  thickness  as  will  bring  the  pipes  to  the  required  relative 
position.  The  gaskets  shall  be  calked  dry  and  shall  form  a 
water-tight  joint.     The   plastic   compound   to   be   used   in  jointing 

the  pipes  shall  be  that  known  as  compound,  manufactured 

by  ,    or  other   plastic  jointing   material   satisfactory   to   the 

engineer.  The  compound  shall  be  heated  in  a  gasoline  or  other 
suitable  furnace,  to  a  temperature  slightly  above  that  at  which  It 
will  pour  rapidly  and  smoothly;  at  which  it  shall  be  kept  until 
used.  After  the  pipe  joint  has  been  calked,  the  melted  com- 
pound shall  be  poured  into  the  joints  by  the  use  oX  a  joint  runner 
or  gasket,  in  a  similar  manner  as  lead  joints  are  poured.  In  case 
the  pipe  joint  is  not  completely  filled,  that  part  of  the  joint  shall 
be  poured  again  with  hot  material,  to  form  a  complete  water- 
tight joint.  Wherever  permitted,  sections  composed  of  two  or 
three  pipes  may  be  jointed  at  the  side  of  the  trench,  provided 
the  pipes  are  set  in  a  suitable  wooden  cradle  to  ensure  true 
alignment.  In  lowering  sections,  so  made,  into  the  trench,  a 
piece  oi  timber  shall  te  run  through  the  pipes  in  order  to  support 
their  weight  and  prevent  the  Joints  or  bells  from  being  broken. 

Asphalt  has  not  been  used,  or  any  of  the  bitumin- 
ous compounds,  to  any  extent,  because  of  the  danger 
of  hot  water  or  steam  melting  out  the  joint  due  to 
the  low  melting  points  of  most  of  these  materials. 
With  a  sufficiently  high  melting  point,  this  objection 
would  be  covered. 

Some  trouble  has  been  experienced  during  cold 
weather  with  G-K  compound,  due  to  its  failure  to 
stick  to  the  pipes,  especially  in  the  smaller  sizes  where 
the  inside  of  the  bell  is  glazed  and  there  are  no 
scorings. 

From  tests  made  both  in  the  laboratory  and  on  con- 
tract and  day  labor  work,  the  results  obtained  with 
G-K  compound  have  been  satisfactory. 

The  cost  of  a  jointing  material  and  labor  will  be 
from  50  per  cent  to  100  per  cent  more  with  a  poured 
joint  than  with  cement,  judging  by  average  prices  re- 
ceived. Part  of  this  excess  cost  is  doubtless  due  to 
the  unfamiliarity  of  contractors  in  general  with 
poured  joints  for  vitrified  pipe. 

Sheet  metal  forms  and  gaskets  for  pouring  cement 
grout  joints  have  recently  been  placed  en  the  market 
by  Mr.  L.  A.  Weston,  of  Adams,  Mass.  The  writer  un- 
derstands that  the  price  of  the  gasket  is  10  ct.  for  a 
10-in  pipe  and  10  ct.  for  the  form,  thus  making  a  cost 
of  20  ct.  per  joint  for  the  form  and  gasket.  The  gas- 
ket, of  course,  is  left  in  place,  and  it  would  appear 
probable  that  the  form,  also,  would  be  left  in  place, 
as  a  rule.  The  gasket  is  made  to  fit  over  the  spigot 
end  of  the  pipe,  being  tightened  with  a  screw  driver. 
The  notches  in  the  edge  are  pliable  so  that  the  gasket 
adjusts  itself  to  the  inequalities  in  the  pipe  hub.  No 
jute  is  required. 

The  form  provides  for  pouring  the  lower  half  of  the 
joint,  the  remainder  being  filled  by  hand  with  cement 
mortar.     The  form  is  held  in  place  by  wires. 

In  order  to  offset  the  expense  of  the  form  and  gas- 
ket, a  material  saving  in  labor  cost  must  be  made  in 
addition  to  the  saving  in  cost  of  materials  over  poured 
joints    using   other   materials   than    cement. 

The  writer  believes  that  a  poured  joint  is  the  most 
desirable  form  of  joint  yet  devised  where  it  is  essen- 
tial to  prevent  the  entrance  of  roots  and  ground  water. 
Good  results  have  been  obtained  with  a  sulphur-sand 
mixture,   with   bituminous   compounds   such   as  those 
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manufactured  by  Warren  Bros.,  Boston,  the  Pacific 
Flush  Tank  Co.,  New  York,  the  Standard  Paint  Co., 
Boston,  and  others;  and  with  G-K  compound,  made 
by  the  Atlas  Co.,  Lincoln,  N.  J.  On  contract  work, 
these  commercial  compounds  may  have  some  advan- 
tages from  the  contractor's  viewpoint. 

On  account  of  the  imperfections  in  the  so-called 
"standard"  socket  sewer  pipe  it  is  almost  necessary  to 
use  "deep  and  wide"  socket  pipe  if  poured  joints  are 
to  be  adopted.  Otherwise  there  is  liable  to  be  insuf 
ficient  space  for  the  flow  of  the  jointinjt  material. 

Kxperiencest  at  Pawtucket,  R  1.,  with  Mortar 
Joints.! — We  have  had  no  experience  with  the 
poured  joint  in  Pawtucket,  for  we  have  adhered  to 
the  old-fashioned  mortar  joint.  In  recent  years  we 
have  required  the  mortar  to  be  placed  by  hands  cov- 
ered with  rubber  mittens  rather  than  by  the  trowel, 
and  we  have  recently  used  a  strip  of  cloth  about  nine 
inches  wide  to  cover  the  joint  after  it  is  made.  This 
strip  of  cloth  is  laid  on  the  ground,  partly  under  the 
bell  of  the  pipe  last  laid,  and  mortar  is  spread  on  the 
cloth  and  in  the  bottom  of  the  bell  with  a  trowel.  A 
gasket  is  then  placed  around  the  spigot  of  the  pipe  tl 
be  laid,  and  it  is  inserted  in  the  bell  of  the  other  pipe, 
care  being  taken  not  to  disturb  the  mortar  spread  on 
the  bottom  of  this  bell.  The  pipe  is  pushed  home, 
brought  to  proper  line  and  grade  on  the  bell  end  and 
the  gasket  is  calked.  The  joint  is  then  filled  with 
Portland  cement  mortar  proportioned  1  to  1,  especial 
care  being  taken  to  see  that  this  mortar  is  crowded 
into  the  joint  on  the  under  side  of  the  pipe.  The 
mortar  joint  is  beveled  with  a  trowel,  or  by  the  hand, 
and  then  the  two  ends  of  the  strip  of  cloth  are  brought 
up  around  the  joint  and  tied  together  over  the  top 
of  the  bell.  This  serves  as  a  protection  to  the  green 
mortar,  holding  it  tightly  up  against  the  joint  and 
preventing  its  disturbance  as  the  backfilling  pro- 
gresses. 

After  all  is  said,  however,  the  integrity  of  the  sewer 
joint  depends,  in  large  measure,  upon  the  inspector. 
If  he  is  not  on  the  job  all  the  time,  watching  the  joints 
as  they  are  made,  the  workmen  will  get  careless.  The 
joints  will  be  perfect  on  the  top  where  they  are  read- 
ily inspected,  but  on  the  bottom,  where  there  is  the 
greatest  necessity  that  they  should  be  tight,  they  are 
apt  to  be  neglected. 


Steam  Jet  Outfits  in  Ilydraulic  Fill   Con- 
struction in  Winter 

Steam  jet  outfits  similar  to  those  used  in  placer 
mining  in  Alaska  were  employed  by  the  Fargo  Engi- 
neering Co..  Jackson,  Mich.,  in  winter  work  on  the 
construction  of  hydraulic  fill  at  the  .Junction  Dam 
of  the  Consumers  Power  Co.,  in  Michigan.  During 
the  winter  months  the  fill  was  placed  at  temperatures 
generally  well  below  freezing,  but  with  reasonable 
care  very  little  ice  was  deposited  in  the  embankment 
and  there  was  no  tendency  for  the  sluiced  material 
to  freeze  as  long  as  water  ran  over  its  surface.  Sluic- 
ing was  discontinued  during  periods  when  the  tem- 
perature remained  below  15  F.  In  some  cases  it 
was  necessary  to  thaw  out  the  frozen  ground  before 
resuming  sluicing.  This  was  done  with  the  thaw- 
ing outfits,  which  consisted  of  a  steam  main  with 
several  1-in.  hose  branches  connected  to  -'i-in.  pipes 
6  to  8  ft.  long.  Live  steam  at  a  pressure  of  10  to  30 
lb.  was  used.  By  spacing  the  jets  about  6  ft.  apart 
frozen  sand  could  be  thawed  to  a  depth  of  3  to  5  ft. 
in  from  4  to  6  hours. 


Small  Automatic  Pumping  Station 

Solves  Drainaj^e  Problem 

at  Brookline 

The  town  of  Brookiine  found  it  necessary,  during 
the  year  of  1917,  to  devise  a  method  of  disposing  of 
the  drainage  from  four  contagious  hospital  buildings, 
the  almshouse  and  high  service  pumping  station,  with 
provision  for  a  school  house  and  other  buildings  in 
i<n  outlying  section  of  the  town.  The  natural  drain- 
age outlet  for  the  section  in  question  was  through 
private  property  and  Walnut  Hill  Cemetery  to  West 
Roxbury,  a  part  of  the  city  of  Boston,  and  at  a  dis- 
taiK  .  ,1   1  mile.     As  the  city  of  Boston  has  no 
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Interior  View   of   Automatic   Sewage   Pumping    Station   of   Brook- 
line.    Mass.      Inset    Shows    Exterior    View    of    Station. 

sewer  in  this  water  shed  nearer  than  1  mile,  and  as 
this  section  is  not  at  all  developed,  and  in  no  imme- 
diate need  of  sewerage,  it  would  have  been  difficult, 
if  not  impossible,  to  have  gotten  Boston  to  furnish  a 
.«:f!wer  outlet  unless  the  town  of  Brookline  contributed 
liberally  to  its  cost. 

It  would  have  been  possible,  by  laying  several 
thousand  feet  of  temporary  sewer,  to  get  an  outlet 
into  a  city  of  Boston  sewer  in  another  water  shed, 
but  this  would  have  involved  the  taking  of  rights  of 
way  through  private  land,  and  it  was  impossible  to 
fay  how  long  the  city  wcuild  allow  this  extra  terri- 
tory to  drain  into  a  sewer  which  was  not  designed 
to  care  for  it.  The  topography  is  such  as  to  allow 
an  outlet  through  certain  other  sections,  but  this 
route  was  through  a  section  of  the  town  that  would 
probably  not  need  a  sewer  for  many  years,  and  the 
cost  would  have  amounted  to  $100,000  or  more. 

It  was  finally  decided  to  build  a  small  automatic 
sewage  pumping  station  to  lift  the  sewage  to  the 
town's  own  sewer  in  Clyde  St.  This  involved  in  addi- 
tion to  the  plant  itself  the  laying  of  about  1,700  ft. 
of  6-in.  cast  iron  pipe.  A  small  concrete  and  brick 
.structure  was  built  at  the  junction  of  Newton  and 
Grove  .*;ts. 
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The  equipment  consists  of  a  Yeomans  Form  "A" 
automatic  electric  sewage  ejector  equipped  with 
Wagner  polyphase  motors  of  200  volts,  Cutler  Ham- 
mer starters  and  General  Electric  oil  switches.  The 
unit  is  of  the  duplex  type,  each  side  having  a  capacity 
of  approximately  300  gal.  of  sewage  per  minute,  and 
when  both  units  are  in  operation  a  capacity  some- 
what in  excess  of  400  g.p.m  The  station  is  entirely 
automatic  and  is  so  arranged  that  if  the  inflow  is  in 
excess  of  the  capacity  of  one  unit,  the  float  mechan- 
ism will  start  the  second  unit.  As  an  emergency  pro- 
vision an  alarm  signal  has  been  installed  in  the  high 
service  station  of  the  town  of  Brookline,  a  short  dis- 
tance away,  so  that  in  the  event  of  any  failure  of  the 
ejector  immediate  notification  is  given  to  the  operat- 
ing force  at  the  pumping  station.  The  total  cost  of 
the  station,  equipment  and  force  mains  was  approxi- 
mately $13,000. 

Mr.  H.  A.  Varney,  Town  Engineer  of  Brookline, 
and  his  Resident  Engineer,  Mr.  F.  A.  Leavitt,  were 
in  charge  of  the  design  and  engineering  details  in 
connection  with  the  work. 

The  equipment  was  installed  by  the  Power  Equip- 
ment Co.  of  131  State  St.,  Boston,  Mass.  New  England 
representatives  of  the  ejector  manufacturers,  Yeo- 
mans Brothers  Co.,  215  Institute  PL,  Chicago. 


C.  E.  Drayer  Elected  Secretary  of  Amer- 
ican Association  of  Engineers 

The  Board  of  Directors  of  the  American  Associa- 
tion of  Engineers,  with  headquarters  at  29  S.  La  Salle 
St.,  Chicago,  announce  the  election  of  C.  E.  Drayer 
as  secretary. 

Mr.  Drayer  has  been  actively  engaged  in  engineer- 
ing society  work  of  local  and  national  character  for 
the  past  eight  years.     After  graduation  from  college 


The   New   Secretary   of   Am.   Association   of   Engineers. 

in  Cleveland,  O.,  he  served  on  western  railroads  until 
1910,  when  he  returned  to  Cleveland  to  become  field 
engineer  for  the  Nickel  Plate  R.  R.  on  grade  elimina- 
tion work.  He  immediately  joined  the  Cleveland  En- 
gineering Society  and  began  to  put  into  practice  as 
opportunity  offered  ideas  of  advancing  the  engineer 
in  public  esteem  and  of  engineers  training  them- 
selves to  be  leaders  in  service  to  the  community.  After 
two  years  of  marked  success  in  Cleveland  he  began 


to  carry  the  message  to  other  societies  and  in  time 
addressed  most  of  the  engineering  organizations  east 
of  the  Mississippi.  In  1915  he  became  associated 
with  Dr.  F.  H.  Newell  in  forming  the  Committee  on 
Engineering  Co-operation,  of  which  he  is  secretary. 
He  organized  and  is  secretary  of  the  Ohio  Associa- 
tion of  Technical  Societies.  He  is  co-editor  of  En- 
i'ineering  as  a  Career,  a  series  of  articles  of  advice 
to  young  men.  For  several  years  he  was  editorial 
correspondent  for  "Engineering  News"  and  "Engin- 
eering News-Record,"  where  most  of  his  articles 
on  engineering  organization  have  appeared.  He 
served  the  Cleveland  Engineering  Society  as  its  sec- 
retary for  two  years  and  was  a  member  of  its  Board 
of  Directors  when  elected  secretary  of  the  American 
Association  of  Engineers.  He  formulated  the  plan 
of  combined  membership  between  the  American  Asso- 
ciation of  Engineers  and  the  Cleveland  Engineering 
Society.  Present  indications  are  that  this  plan  will 
be  adopted  by  other  societies  and  that  it  will  have 
a  profound  influence  on  engineering  organization. 


Operating  Costs  of  Grand  Rapids  Filtration 
Plant 

The  total  operating  costs  of  the  filtration  plant  of 
Grand  Rapids,  Mich.,  for  the  year  ending  April  1,  1918, 
showed  an  increase  of  24.1  per  cent  over  the  previous 
year  and  an  increase  of  62.8  per  cent  over  the  year 
1915-1916.  These  increases,  states  Walter  A.  Sperry, 
chief  chemist  of  the  filter  plant,  in  his  annual  report, 
are  consistent  with  the  present  difliculties  of  obtain- 
ing supplies  both  as  regards  quality,  production  and 
delivery.  Lime  has  increased  in  cost  39.5  per  cent 
over  1916-17  and  55.8  per  cent  over  the  year  1915-16, 
and  dropped  off  in  yearly  average  quality  from  88  per 
cent  water  soluble  calcium  oxide  in  1915-16  to  83  per 
cent  in  1916-17  to  77  per  cent  last  year.  .Alum  has 
increased  in  cost  11.9  per  cent  as  compared  with  last 
year  and  22.7  per  cent  as  compared  with  the  year  be- 
fore. Hypochlorite  of  calcium  has  increased  in  cost 
5.5  per  cent  over  1916-17  and  50.8  per  cent  as  com- 
pared with  1915-16,  though  it  should  also  be  reported 
that  in  March  of  1918  there  was  a  20  per  cent  drop  in 
the  price  of  the  "hypo"  as  compared  with  the  average 
price  for  the  year. 


Government  Orders  244  Miles  of  Wood  Stave  Pipe. 

— The  U.  S.  Government  has  placed  a  further  order 
with  the  Continental  Pipe  Manufacturing  Co.,  Seat- 
tle, Wash.,  for  230,000  ft.  of  machine  banded  wood 
stave  pipe,  varying  in  sizes  from  6  in.  to  18  in.  in  di- 
ameter. It  will  require  over  100  railroad  cars  to  de- 
liver this  order.  This  pipe  is  being  made  of  Douglas 
fir  lumber.  It  will  require  over  1,000,000  lb.  of  wire, 
and  1,500,000  ft.  of  lumber  to  complete  this  one  order. 
The  three  large  plants  of  the  Continental  Pipe  Man- 
ufacturing Co.,  located  in  the  Douglas  fir  belt  of  Ore- 
gon and  Washington,  have  previously  furnished  pipe 
on  Government  orders  amounting  to  200  miles  or  625 
carloads. 


Thawing  Frozen  Ground  with  Asphalt  Blast  Pan. — 

A  blast  pan,  such  as  is  employed  by  street  repair 
gangs  in  asphalt  surfacing,  is  used  by  the  Water  De- 
partment of  St.  Louis,  Mo.,  during  the  winter  months 
when  frozen  soil  conditions  make  the  excavation  for 
repairs  of  broken  mains  difficult.  The  pan  has  proved 
an  effective  method  of  dissipating  the  frost  and  expe- 
diting the  excavation. 
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lb)    Klvira  and  Canals       id)    Hallway   Construction 

Buildings    and   Structures^-4tli   Wednesday 

I  a)    Bulldlncs  ic)   Ship    Construction 

lb)    BrldKra  <d)   MUcellaneoua    Structui 
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The  "Skip-Stop  Plan"  of  Saving 

10<^(  in  Street  Railway  Fuel 

and  a  Greater  Per  Cent 

in  Trip  Time 

Even  in  America  and  in  thi.s  "age  of  publicity,"  it 
is  astonishing  to  observe  the  slowness  with  which 
any  new  economic  method  or  device  comes  into  gen- 
eral use.  Mental  inertia  or  resistance  to  change 
characterizes  even  the  most  intelligent  of  peoples. 
When  mental  inertia  is  coupled  with  downright  ig- 
norance, as  so  often  is  the  case,  economic  progress 
is  indeed  painfully  slow.  The  war  has  served  to  over- 
come a  great  deal  of  our  mental  inertia,  because 
necessity  has  forced  us  not  only  to  open  our  eyes  but 
to  act. 

A  good  illustration  of  this  is  had  in  the  recent 
rp.pid  spread  of  the  skip-.stop  plan  of  operating  street 
cars.  The  plan  is  not  new.  It  was  successfully 
worked  out  in  Kansas  City  more  than  seven  years 
ago.  But  after  its  economies  and  other  advantages 
had  thus  been  demonstrated,  not  a  baker's  dozen  of 
our  street  railways  had  adopted  it  18  months  ago. 
Then  came  our  entrance  into  the  war,  followed  by  a 
coal  shortage.  Whereupon  the  War  Board  of  the 
American  Electric  Railway  Association  presented  to 
the  U.  S.  Fuel  Administration  data  to  prove  that 
1,500,000  tons  of  coal  could  be  saved  annually  by  the 
universal  adoption  of  the  skip-stop  plan  of  street  rail- 
way operation. 

American  street  railways  use  10,000.000  tons  of 
coal  annually.  About  two  billion  car-miles  are  trav- 
eled annually,  and  about  9  stops  are  made  per  mile,  or 
]8,000,000,000car  stops  per  year.  The  power  required 
to  accelerate  a  tar  after  each  stop  causes  the  con- 
.«umption  of  about  half  a  pound  of  coal;  so  that  4,500,- 
000  short  tons  of  coal  are  annually  used  merely  to 
accelerate  .street  cars.  It  is  conservatively  estimated 
that  one-third  of  the  stops  can  be  eliminated  by  the 
.skip-stop  plan,  resulting  in  an  annual  saving  of 
1,500.000  tons  or  about  10  per  cent  of  the  coal  now 
used  by  street   railway  plant.s.     These  estimates  are 


confirmed  by  actual  results.  The  street  railway  sys- 
tem of  New  Haven,  for  example,  has  reduced  its 
power  consumption  by  10  per  cent  since  the  adop- 
tion of  a  skip-stop  plan. 

There  are  several  modifications  of  the  skip-stop 
plan,  but  the  plan  in  general  involves  the  abandon- 
ment of  the  practice  of  stopping  every  car  at  any 
street  corner  upon  signal  from  a  passenger  entering 
cr  leaving  the  car.  There  are  six  common  varieties 
of  the  skip-stop  plan:  (1)  Alternate  corner  skip- 
stop.  (2)  Staggered  skip-stop,  (3)  Odd  and  even  skip- 
stop,  (4)  Selective  skip-stop,  (5>  Measured  skip-stop, 
and  (6)  Express  skip-.stop.  In  the  "alternate  cor- 
ner" plan,  both  the  inbound  and  outbound  cars  stop 
at  the  same  corners,  and  at  every  other  corner,  thus 
skipping  every  other  corner.  The  "staggered"  plan 
gives  a  stop  at  every  corner  by  either,  but  not  by  both, 
the  inbound  and  outbound  cars.  The  "odd  and  even" 
plan  involves  having  cars  marked  with  an  odd  num- 
ber stop  at  streets  having  an  odd  number  or  where 
an  "odd"  sign  is  placed,  and  similarly  for  the  "even" 
cars  and  streets.  The  "selective"  plan  involves  stop- 
ping only  at  selected  places,  not  necessarily  every 
other  corner.  The  "measured"  plan  is  a  European 
plan  not  favored  in  America,  and  it  involves  stop- 
ping cars  at  uniform  distances  apart,  say  600  ft.,  re- 
gardless of  whether  these  stops  are  at  corners  or  be- 
tween corners.  The  "express"  plan  involves  making 
very  few  stops  by  certain  cars  known  as  "express 
cars,"  and  using  "local  cars"  to  pick  up  passengers  at 
points  intermediate  between  the  express  stops. 

The  saving  in  fuel  is  not  the  only  economy  effected 
by  the  skip-stop  plan.  The  time  lost  in  making  each 
.'••top  averages  ono-tiuarter  of  a  minute,  half  of  which 
is  due  to  the  time  lost  in  slowing  down  and  in  recov- 
ering the  speed,  and  half  in  taking  on  and  letting  off 
passengers.  By  dividing  the  percentage  reduction  in 
stops  by  two,  we  get  approximately  the  percentage 
increase  in  average  speed  of  cars.  Hence  if  the 
number  of  stops  is  decreased  one-third,  the  average 
.?peed  is  increased  one-sixth.  On  such  a  basis,  the 
same  platform  men  (motormen  and  conductors)  would 
travel   nearly   17   per  cent   more   miles  daily,  with   a 
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corresponding  reduction  in  wages  per  car-mile.  This 
saving  fully  equals  the  saving  in  fuel  in  dollars  per 
nnnum. 

The  saving  to  the  passengers  is  an  average  time 
saving  of  almost  17  per  cent  also,  for  the  added  time 
of  walking  an  additional  average  of  150  ft.  is  only 
half  a  minute,  as  compared  with  an  average  5-min- 
ute  saving  in  a  one-way  trip.  Usually  a  street-car 
company  does  not  decrease  the  number  of  its  cars  in 
active  service,  after  adopting  the  skip-stop  plan,  and 
thus  reduces  the  waiting  time  of  passengers,  while 
also  providing  more  passengers  with  seats  in  the 
rush  hours. 

In  nearly  all  the  cities  where  the  skip-stop  plan 
has  been  tried,  a  great  majority  of  the  passengers 
have  voted  for  its  continuance.  Ballots  have  been 
provided  for  the  passengers  to  cast  on  leaving  the 
cars  on  an  appointed  "election  day,"  and  the  usual 
verdict  has  been  fully  3  to  1  in  favor  of  the  skip- 
stop.  In  Cleveland  it  was  41,2  to  1.  The  opposition 
comes  mainly  from  the  short-trip  riders,  from  those 
who  are  antagonistic  to  the  street  railway  company, 
from  people  who  are  too  lazy  to  be  willing  to  take 
a  short  additional  w^alk  each  trip,  and  from  mer- 
chants whose  stores  are  not  on  the  corners  where 
stops  are  made.  Since  the  skip-stop  plan  is  not  ordi- 
r.arily  applied  in  the  down-town  or  business  district, 
the  opposition  of  merchants  is  not  serious. 

The  opposition  of  selfish  and  shortsighted  people 
can  be  largely  overcome  by  a  proper  publicity  cam- 
paign. 

We  have  given  quite  an  extended  outline  of  the 
skip-stop  plan  because  we  believe  it  to  be  one  of  those 
economic  public  service  methods  which  all  good  citi- 
zens should  support.  Engineers  in  particular  should 
favor  the  skip-stop,  for  they,  better  than  most  men, 
can  see  its  economic  justification.  In  fact  it  has  been 
largely  through  the  work  of  street  railway  engineers 
that  the  merits  of  the  plan  have  become  more  gen- 
erally appreciated.  If  engineering  societies  will  vig- 
orously support  the  skip-stop  plan,  its  universal 
f  doption  will  be  greatly  hastened. 


Is  the  Reinforced  Concrete  Freight 
Car  an  Economic  Possibility? 

The  concrete  ship  has  arrived.  The  concrete  freight 
car  is  about  to  arrive.  Next  we  may  hear  of  con- 
crete automobiles.  Already  mechanical  engineers  are 
said  to  be  experimenting  with  concrete  steam  boilers. 
Reinforced  concrete  designers  are  invading  every 
field  in  which  structural  steel  has  hitherto  enjoyed  a 
monopoly. 

During  the  last  two  years  cement  mortar,  sprayed 
by  a  cement  gun,  has  been  successfully  used  in  re- 
pairing the  bodies  of  steel  cars.  Naturally  the  ques- 
tion has  been  asked:  Why  not  build  an  entire  freight 
car  body  of  reinforced  concrete?  And  it  is  being 
answered,  for  the  M.  E.  White  Paving  Co.  of  Chicago 
is  building  an  experimental  freight  car. 

This  first  car  is  to  be  a  gondola,  40  ft.  long,  with 
a  capacity  of  100.000  lb.  It  will  require  only  6,000 
lb.  of  steel,  as  against  32,000  lb.  in  an  all-steel  car, 
and  will  cost  less  than  a  steel  car. 

As  to  the  strength,  cost  and  durability  of  a  rein- 
forced concrete  freight  car,  few  structural  engineers 
v/ill  doubt  its  ability  to  compete  with  an  all-steel  car. 
The  only  economic  doubt  relates  to  the  feasibility  of 
building  a  concrete  car  as  light  as  a  steel  car  of  equal 
capacity.     Concrete  ships  are  somewhat  heavier  than 


tteel  ships  of  equal  capacity.  This  is  not  so  serious 
:■■  matter  where  water  transportation  is  concerned,  but 
in  rail  haulage  it  is  vital  to  secure  a  minimum  of  dead 
weight. 

It  has  been  suggested  that  concrete  ships  should 
be  built  of  volcanic  tuffa,  a  porous  and  therefore  very 
light  rock.  But  the  porosity,  while  desirable  in  one 
respect,  is  objectionable  in  another  respect.  Sea 
water  would  thus  more  readily  penetrate  to  the  steel 
embedded  in  the  concrete  and  rust  it.  In  a  freight 
car,  however,  concrete  made  of  tuffa  or  cinders  might 
not  be  so  objectionable. 

In  the  design  of  the  body  of  a  freight  car  it  will  be 
feasible  to  use  corrugated  expanded  metal  or  mesh, 
upon  which  a  thin  cement  mortar  can  be  applied  with 
a  cement  gun  or  otherwise.  Thus  strength  and  rigid- 
ity may  be  secured  with  very  little  steel  and  no  great 
amount  of  cement  mortar.  Corrugated  steel  would 
be  used  more  often  by  structural  engineers  were  it 
not  for  its  short  life  when  exposed  to  the  weather. 
But  if  well  coated  with  waterproof  cement  mortar, 
corrugated  steel  would  last  indefinitely. 

When  all-steel  cars  were  first  invented,  great  ex- 
pectations were  aroused  as  to  their  probable  long  life 
and  low  maintenance  cost.  There  has  been  not  a  lit- 
tle disappointment  over  the  actual  results.  If  the 
sides  are  made  thin  enough  to  reduce  weight  and  first 
cost  to  a  desirable  minimum,  they  not  only  rust 
through  quickly  but  are  readily  battered  out  of  shape. 
Moreover,  it  is  impracticable  to  keep  paint  on  the 
inside  of  the  car,  because  of  the  abrasive  action  of 
the  load;  and  repainting  the  outside  must  be  fre- 
quent to  be  effective.  A  concrete  car  would,  there- 
fore, incur  much  less  maintenance  expense  and  have 
a  longer  life  than  a  steel  car.  So  the  ultimate  eco- 
nomic success  of  the  concrete  car  is  entirely  depend- 
ent on  the  feasibility  of  making  it  as  light  as  an  all- 
steel  car  of  equal  capacity.  It  seems  to  us  that  this 
can   be  accomplished. 


Henry    Ford's  Criticism   of  Rail- 
way Rolling  Stock 

A  light  automobile  weighing  1,800  lb.  comfortably 
carries  5  passengers ;  whereas  a  railway  coach  weigh- 
ing 90,000  lb.  seats  only  70  passengers.  Hence  a  rail- 
way coach  has  three  and  a  half  times  as  much  dead- 
weight per  passenger  as  a  "touring  car."  It  is  true 
that  the  coach  has  a  substantial  roof  and  sides  and 
that  it  is  roomy  enough  to  make  it  comfortable.  On 
the  other  hand,  a  touring  car  carries  its  own  motive 
power  and  must  be  strong  enough  to  withstand  im- 
pacts on  the  roughest  country  road. 

Henry  Ford  says  that  is  in  the  design  of  passenger 
coaches  and  freight  cars  the  railways  are  years  behind 
the  times.  He  points  out  that  the  designers  of  rail- 
way rolling  stock  have  failed  to  utilize  modern  knowl- 
edge of  light  alloys  and  structural  principles.  Ford 
says: 

Passenger  trains  weigh  50  to  150  times  as  much  as  the 
passengers  in  them.  Four-fifths  of  ,'•  railroad's  work  today  is 
hauling  the  dead  weight  of  its  own  wastefully  heavy  engines  and 
cars.  This  is  why  railroad  presidents  have  such  a  hard  time  to 
figure  out  freight  and  passenger  rates  on  the  20  per  cent  of  live 
load  to  cover  the  cost  of  hauling  this  enormous  SO  per  cent  of 
dead  weight  aroand. 

Criticism  of  railway  management  has  been  very 
common  these  past  ten  years,  and  doubtless  much  of  it 
has  been  justified.  But  Ford  and  other  critics  whose 
profits  have  not  been  restricted  by  public  service  com- 
missions overlook  the  fact  that  experiments  involving 
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the  investment  of  large  quantities  of  new  capital  are 
not  likely  to  be  made  where  the  profits  from  such 
experiments  are  apt  to  be  confiscated  by  the  public. 
It  is  to  be  hoped  that  out  of  the  present  situation  there 
will  evolve  a  saner  policy  of  railway  regulation,  a 
policy  that  will  attract  new  capital,  and  enlist  the 
most  brilliant  entrineers  and  business  managers  in  the 
service  of  our  railways.  To  do  this,  however,  we  must 
£crap  the  old  system  of  purely  restrictive  regulation 
of  railways,  and  permit  them  to  be  operated  so  as  to 
encourage  capitalists  to  bet  their  money  on  the  ablest 
engineers  and  managers.  It  is  the  veriest  nonsense 
to  speak  of  the  railways  as  an  industry  that  can  not 
be  developed  to  a  much  higher  state  of  economic  effi- 
ciency. If  given  adeijuate  incentive,  it  is  probable 
that  in  the  ne.\t  20  years  there  will  be  little  left  of  our 
present  railways  save  their  rights  of  way  and  station 
grounds. 


*'Let    Us   Learn    Even    From    the 
Germans" 

Many  'if  our  public  schools  have  discontinued  teach- 
ing German.  While  we  believe  in  the  wisdom  of  this 
act  in  so  far  as  it  concerns  most  of  the  student;*,  we 
<an  not  agree  with  the  reasoning  that  has  led  to  it. 
However  much  wo  may  abhor  the  actions  and  teach- 
ings of  (k'rmnn  rulers  and  military  men.  we  should  not 
let  ourselves  be  blinded  to  the  scientific  achievements 
of  the  Germans.     Lloyd  George  recently  said: 

AH  the  same,  don't  despise  what  the  German  has  won  from 
combinatlnn.  Lot  us  learn  our  lessons,  wherever  they  come  from 
— even  from  the  Germans. 

Any  one  who  has  familiarized  himself  with  the  work 
of  German  physicists  and  chemists  during  the  past  20 
years  or  more,  is  well  aware  that  more  discoveries  in 
those  two  fields  are  due  to  the  Germans  than  to  any 
other  nation.  In  our  issue  of  July  31  we  gave  statis- 
tics showing  that  in  applied  science — engineering  and 
invention — Germany  has  been  far  behind  America  and 
England.  But  let  us  bear  in  mind  that  in  pure  science 
— mathematical  physics,  etc., — Germany  has  far  sur- 
passed America,  and,  in  recent  years,  has  also  sur- 
passed England. 

Since  many  modern  advances  in  engineering  have 
followed  prior  advances  in  pure  science,  we  should  be 
dullards  indeed  were  we  to  close  our  eyes  to  German 
discoveries  in  the  realms  of  physics  and  chemistry. 
Yet  precisely  such  dullness  is  shown  by  the  reasoning 
of  those  who  uropose  to  stop  the  teaching  of  German 
because  we  hate  many  of  the  Germans.  The  public 
school,  in  the  judgment  of  the  editor,  is  no  place  to 
teach  any  foreign  tongue,  except  to  those  who  contem- 
plate a  career  as  scientists,  engineers  or  the  like. 
Except  for  a  very  few  public  school  students,  no  for- 
eign language  is  necessary  or  even  desirable;  but  for 
.£  limited  number  it  is  highly  desirable. 

We  are  well  aware  that  many  engineers,'  particu- 
larly civil  and  mechanical  engineers,  who  have  studied 
French  and  German,  assert  that  foi:eign  languages 
"have  been  of  little  or  no  use  to  them.  That  is  true, 
but  to  many  another  engineer  the  converse  is  true, 
■particularly  in  the  fields  of  chemistry,  metallurgy  and 
•electricity. 

One  of  the  crying  needs  of  America  is  the  existence 
•of  a  large  number  of  experimental  chemists  and  physi- 
cists. We  really  should  be  ashamed  of  our  very  poor 
record  in  pure  science  discoveries.  If  we  are  to  rem- 
edv  this  condition   ([uicklv   we  must    first    alter  our 
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belief  in  the  invariable  superiority  of  American  scien- 
tific methods;  and,  second,  we  must  put  many  a  young 
man  at  work  studying  the  scientific  books  and  period- 
icals of  Germany,  England  and  France— to  name  them 
in  order  of  recent  priority  in  pure  science. 

In  "The  Electron  Theory  of  Matter,"  by  Richardson, 
professor  of  physics  at  King's  College,  London,  251 
authorities  are  cited.  We  have  analyzed  these  cita- 
tions with  the  following  startling  results: 

fJi-rtnnn    .' 102     Itu.HKliin    

K;ik-hHh     >il     Japanene      ; 


Grand   total    »51 

Note  carefully  the  significance.  Of  251  scientists 
whose  experiments  or  mathematical  analyses  are  men- 
tioned by  this  English  physicist,  only  4  are  Amer- 
icans! Bear  in  mind  that  in  a  comprehensive  discus- 
sion of  the  theory  of  m.atter,  such  as  this  treatise 
gives,  almost  every  fundamental  phase  of  electricity, 
heat  and  light  is  involved,  in  addition  to  a  great  part 
of  chemistry.  Then  consider  the  miserably  pitiful 
showing  made  by  Americans.  We  are  in  a  class  with 
the  Russians  and  Japanese.  Yet  we  pride  ourselves 
on  our  scientific  achievements,  and  not  without  rea- 
son, as  was  clearly  shown  in  our  issue  of  July  .31. 

We  have  done  wonders  in  applied  science,  and  the 
wonder  is  that  we  have  done  so  little  in  pure  science 
upon  which  applied  science  is  based.  Prof.  Dewar. 
cf  England,  in  his  experiments  with  litjuid  air  found 
:t  necessary  to  prevent  it  from  evaporating  rapidly;  so 
he  applied  his  knowledge  of  heat  conductivity  and 
radiation,  and  designed  "a  vacuum  bottle."  Where- 
upon some  keen  witted  Yankee  invented  the  "thermos 
bottle"  and  put  it  on  the  market  verj-  successfully. 
The  "therm.os  bottle"  is  nothing  but  a  commercially 
practical  modification  of  Prof.  Dewar's  vacuum  bottle. 
No  ma.T  ignorant  of  the  laws  of  heat  transfer  as  deter- 
mined bv  the  "pure  scientists"  could  ever  have  de- 
signed the  vacuum  bottle.  We  now  have  quite  a  large 
American  industry  based  entirely  on  the  laws  of  heat 
transfer  as  applied  by  an  English  professor  who  un- 
clerstood  them.  This  is  t\T)ical  of  manv  another  indus- 
try. 

The  time  has  come  when  American  engineers  and 
inventors  must  be  given  the  benefit  of  researches  by 
American  scientists,  researches  comparable  in  pro- 
fundity and  scope  with  those  of  the  Germans  and 
English.  Coincidently  we  should  be  provided  with 
iranslations  of  all  important  German  books  and  arti- 
cles. As  yet  American  literature  on  mathematical 
physics  and  chemistry  is  lamentably  meager.  We 
have,  for  example,  no  comprehensive  tables  of  phys- 
ical constants.  The  best  tables  are  the  Smithsonian, 
and  they  are  far  from  being  adeijuate.  Our  textbooks 
on  higher  physics  and  chemistry  are  not  to  be  com- 
pared with  those  of  Germany  and  England  in  number 
or  completeness.  The  transactions  of  our  societies 
devoted  to  pure  science  are  correspondingly  weak. 

Let  us  look  such  facts  squarely  in  the  face;  and, 
while  denying  to  Germany  the  spremacy  that  it  claims 
in  general  efficiency,  let  us  not  deny,  nor  cease  to 
profit  by,  the  truly  remarkable  achievements  of  Ger- 
many's chemists  and  mathematical  physicists. 


Capital    Issu»>s  Coramittee   Authorizes  City   to  Sell 

.<."...")()0,0(Ml  Bonds.--  The  city  of  Seattle  has  been  gran- 
ed  permission  to  sell  $5,500,000  of  bonds  for  develop- 
ing a  .15.()00-kw.  hydroelectric   project  on  the  Skagit 
River. 
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Working  Conditions  and  Pay  of 
Government  Clerks 

To  the  Editor:  In  your  issue  of  July  17  you  have 
an  article  entitled  "Should  Government  Clerks  Have 
a  Shorter  Day  Than  Other  Clerks."  In  this  you  ci-iti- 
cize  the  president  for  vetoing  the  appropriation  bill 
with  the  Borland  rider  providing  for  8  hours  as  a 
minimum  day  for  employes  paid  from  the  appropria- 
tion. 

I  believe  your  stand  in  this  matter  is  a  consequence 
of  your  not  understanding  conditions  of  work  in  the 
Government  departments  and  the  president's  action 
was  taken  because  he  does  understand  them. 

The  term  Government  clerk  is  used  in  a  general 
sense  and  includes  all  civilian  Government  depart- 
ment employes.  As  the  Federal  Government  is  now 
employing  more  engineers  (not  counting  those  in 
military  .service)  than  any  other  employer,  the  con- 
ditions of  employment  should  be  of  interest  to  our 
engineering  press. 

The  7-hour  day  is  rather  a  deceptive  expression  as 
the  law  provides  a  minimum  of  7  hours'  work  with 
full  authority  vested  in  department  heads  to  require 
more  when  necessary,  and  this  provision  has  been 
made  extensive  use  of  since  the  war  started  with- 
out any  objections  from  the  employes. 

No  allowance  for  overtime  is  permitted  and  under 
that  rule  a  clerk  who  is  5  minutes  late  in  the  morn- 
ing but  actually  works  10  hours  in  one  day  has  a  rec- 
ord of  being  absent  from  duty  5  minutes,  and  no 
credit  is  given  for  the  overtime. 

The  Borland  amendment  provided  for  a  minimum 
day  of  8  hours  and  no  maximum  limit  or  provision  for 
credit  for  overtime. 

Employes  in  field  service  conform  in  hours  to  the 
work  they  are  located  on  and  this  frequently  means 
10  hours  per  day  and  make  out  reports  in  the  eve- 
ning. In  other  cases  it  only  requires  7  hours  per  day 
and  there  is  no  possibility  or  necessity  for  8  hours' 
work. 

A  week's  work  for  a  Government  clerk  in  Wash- 
ington is  a  minimum  of  7  hours  for  6  days  or  42  hours 
per  week  except  for  3  months  in  summer  when  it  is 
39  hours  on  account  of  3  hours  off  on  Saturday  aft- 
ernoon. 

Most  corporations  in  engineering  work  have  5  days 
of  8  hours  and  Saturday  of  4  hours  or  a  total  of  44 
hours  per  week.  About  all  organized  labor  works 
on  this  basis. 

Most  states  and  cities  have  a  7-hour  day  for  5 
days  and  3  hours  for  Saturdays  or  38  hours  per  week, 
and  the  Federal  Government  is  usually  considered 
to  be  representative  of  the  states. 

The  salaries  paid  by  the  Federal  Government  are 
very  low.  The  average  yearly  salary  for  1916  was 
$1,038  (which  is  not  sufficient  to  support  a  family) 
with  an  increase  in  1917  of  10  per  cent  to  $1,000  and 
5  per  cent  to  $2,000  per  year. 

In  1918  a  raise  of  $120  per  year  was  allowed  up  to 
$2,500.  These  increases  are  temporary  and  do  not 
in  any  wise  cover  increased  cost  of  living  during 
war  times,  also  exceptions  made  leave  a  large  per- 
centage without  any  increase. 

It  is  not  customary  to  attempt  to  increase  work- 
ing hours  without  increasing  pay  and  the  Govern- 
ment does  not  allow  private  concerns  to  do  so  dur- 
ing war  times. 

The  regular  staff  of  Government  clerks  accepted 
employment  under  the  7-hour  day  and  it  can  scarcely 


be  considered  a  fair  deal  to  increase  it  without  in- 
creasing the  pay. 

Every  department  head  has  at  present  ample  au- 
thority to  require  additional  hours  of  labor  when  any 
necessity  arises  for  it. 

Many  corporations  have  a  pension  system  to  re- 
tire aged  employes,  but  the  Government  has  an  effi- 
ciency system  which  directs  department  heads  to  dis- 
charge civilian  employes  who  become  too  old  for  effi- 
cient work. 

Many  clerks  accepted  Government  positions  in  or- 
der to  study  out  of  office  hours  and  fit  themselves  for 
some  other  business,  and  many  have  to  take  outside 
work  to  make  a  living  for  their  families. 

In  1917  union  labor  exercised  enough  influence  to 
defeat  the  Borland  amendments.  In  1918  the  presi- 
dent was  wise  enough  to  veto  it. 

The  engineering  societies  and  papers  have  taken 
but  little  interest  in  the  welfare  of  engineers  and 
the  engineers  are  beginning  to  find  out  that  they  need 
help  in  this  line. 

The  American  Association  is  the  only  society  ac- 
tive in  this  line  and  they  have  grown  rapidly  on  the 
strength  of  assisting  their  members  to  keep  employed 
at  any  salary  possible. 

Wages  of  engineers  now  compare  very  unfavorably 
with  that  of  tradesmen  and  more  particularly  with 
union  labor. 

Mr.  Borland  has  been  repudiated  by  his  constituents 
by  being  defeated  for  renomination.  His  amend- 
ments were  vetoed  by  the  president  and  the  heads  of 
departments  disapproved  them.  The  Government  em- 
ployes most  certainly  objected  to  them. 

The  attached  clipping  shows  that  engineers  (in- 
cluding draftsmen)  are  turning  to  the  trade  unions 
to  help  them  as  they  realize  that  engineers  are  con- 
fronted with  poor  prospects  and  at  present  are  in  a 
subordinate  position  to  union  tradesmen  as  far  as 
realizing  returns  on  their  work. 

0.  W.  Childs. 

Washington,  D.  C. 

[The  clipping  from  a  Washington  .newspaper  re- 
ferred to  by  Mr.  Childs  follows  in  part. — Editor.] : 

The  Washington  ."^oriety  of  Draft.'smen  was  formed  last  nig-ht 
and  as  I'nion  No.  16137,  was  afliJiated  with  the  American  Fed- 
eration of  Labor,  with  a  membership  of  1,000  draftsmen  from 
the  War  and  Navy  Departments,  the  navy  yard  and  several 
other   divisions  of  the   Federal  Government. 


Heat  Values  of  Wood — One  cord  of  dry  birch,  ac- 
cording to  the  Forest  Products  Laboratory,  Montreal, 
Que.,  has  a  heating  value  equal  to  that  of  1  ton  of 
anthracite.  The  heating  values  of  other  classes  of 
dry  wood  on  this  basis  follow: 

l.ir.  cord  of  tamaraclv. 
1.30  cord  of  donglas  fir. 
1.50  cord  of  jack  pine. 
1.55  cord  of  poplar. 
l.SO  cord  of  hemlock. 
2.10  cord  of  cedar. 

The  above  comparison  is  based  on  the  supposition 
that  the  calorific  value  of  coal  is  13,000  B.  T.  U.  It 
is  stated  that  the  grade  of  coal  received  in  Canada 
last  winter  was  possibly  as  low  as  10,000  B.  T.  U., 
which  in  comparison  would  reduce  the  stated  quanti- 
ties of  wood  by  23  per  cent. 


18,000  War  Department  Trucks  Overseas. — On  July 
1  the  U.  S.  War  Department  had  overseas  4,308  motor 
trucks  of  less  than  1-ton  capacity,  5,703  IVa-ton 
trucks,  7,987  3  to  5-ton  trucks,  and  3,420  passenger 
cars.  Prospective  deliveries  of  motor  trucks  to  the 
Department  for  July  were  4,797;  for  August,  4,-355; 
.nnd  for  September,  4,448. 
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New  Form  of  Contract  Reduces 
Risks  in  Contracting 

The  State  nf  South  iJakdta,  like  tiiaiiy  other  states, 
is,  just  at  present,  having  some  trouble  in  securing 
oontractors  to  look  after  State  highway  work.  In  an 
effort  to  relieve  this  trouble  as  much  as  possible  as 
well  as  to  reduce  the  risk  involved  in  contracting  as 
far  as  is  practical,  the  Highway  Engineer,  Mr.  Frank 
Peck,  had  a  new  form  of  contract  drawn  up  and  sub- 
mitted to  the  prospective  bidders  at  a  recent  letting. 
The  contract  is  interesting  both  because  of  the  man- 
ner of  adjusting  the  risk  of  contracting  which,  in  gen- 
eral, follows  the  Massachusetts  idea,  and  because  of 
the  manner  in  which  the  contract  deals  with  the  prob- 
lem of  financing  contracts  of  this  nature  in  those 
states  where  all  payments  must  be  by  warrant  and 
force  account  work  is,  therefore,  almost  impossible 
because  of  the  highway  engineer's  inability  to  pay 
labor  promptly. 

The  form  of  contract  follows: 

ALTERN.VTE   FORil  OF   CONTRACT.  ,     .          ,     ^ 

This   Asreement.    made    this day   of completion  of  the  contract  and  Its  nnal  acceptance  by  the  party 

A.    D     13...    between    the    State    of   South    Dakota,    through    Its  1^   ""'  ''"".' 

State  Highway   Department,   hereinafter  called   the   party  of  the  ^"^  essentials  of  a  contract  of  this  sort  are:    (1)  the 

first  part,  and  assumption  of  as  much  of  the  risk  as  possible  by  the 

State,  (2)  the  assumption  by  the  State  of  the  burden 
of  financing  the  work  to  be  done  and,  finally,  the  plac- 
ing of  the  contractor  in  a  position  where  his  interests 
will  favor  the  economical  and  careful  management  of 
the  work  which  he  undertakes.  In  the  new  form  of 
contract  the  first  and  the  third  of  these  conditions  are 


It  !■  furlhrr  mutually  agreed  that  In  order  to  promote  the 
ITumpI  and  ordtrly  execution  of  the  work  herein  provided  for. 
ihe  iwrty  of  Ihr  urcond  |>«rt  will  within  five  dayii  after  the 
rxecutlon  of  thla  cuntruct,  de|>o«lt  In  u  bank  to  t<«  denlisnated  by 
the  party  of  the  nmt   part,  a*  the  ducal  asent   for  the  party  of 

til.-   »..tf.iid   part.    Iliir   mini   of   J Dollars. 

which  aum  can  be  withdrawn  only  on  the  order  <if  the  party  of 
Uir  M-cond  part,  i  ou(i(<-rHiKn<-d  by  tin-  uuthorlz<-d  rrpr>-iirntatlve 
of  the  party  of  the  (IrHl  part  who  will  authorize  lt«  withdrawal 
only  for  the  payment  for  lat>or  and  material*  authorized  and  uaed 
In  the  execution  of  this  contract. 

It  Is  further  ak-reed  that,  from  time  to  time  thereafter,  as  the 
nccpNsltles  of  the  work  re<iulre.  the  party  of  the  rtnit  part  will 
make  payments  to  the  party  of  the  second  part,  throueh  tha 
al>ove  mentioned  bank  as  the  fiscal  aKent  of  the  party  of  the 
second  part,  which  payments  shall  be  by  warrant  and  shall  b« 
receipted  for  by  the  bunk  as  the  aKen;  of  the  party  of  the  second 
part,  and  placed  to  the  credit  of  the  part  of  the  second  part,  to 
be  expended  only  ui¥>n  the  order  of  the  party  of  the  second  part. 
countcrslifned  by  the  authorized  representative  of  the  party  of 
ihf  first  part. 

Miially.  It  Is  mutually  agreed  that  the  party  of  the  second 
part  may.  from  time  to  time,  draw  for  his  personal  use  such  pro- 
portion of  that  part  of  the  lump  sum  herein  provided,  which  Is 
free  from  penalty,  as  the  work  which  has  been  completed  bean 
to  the  total  amount  of  the  work  which  Is  to  t>e  performed,  but 
no  other  money  or  moneys  will  be  paid  to  the  party  of  the  second 
part  except  through  the  bank,  as  herein  above  provided,  until  the 


of  or successors. 

executors,  administrators  and  assigns,  hereinafter  called  the 
party  of  the  second  part.   WITNE.SSETH? 

That  for.  and  In  consideration  of  the  payments  hereinaftc-r 
mentioned  to  be  made  by  the  party  of  the  first  part,  party  of 
the  second  part  agrees  to  furnish  all  materials,  appliances,  tools 
and  labor  and  to  perform  all  work  required  for  the  Improvement        ,„„..    „  i   u      it.  -i  ii  j        i        ,    -.r  l 

of  that  certain  portion  of  the  public  highway  in Secured  by  the  quite  generally  understood  Massachu- 

County.  State  of  Sout^h  I'akota.  designated  as setts  system  of  dividing  both  the  risk  and  the  profit 

with  the  contractor.     But  when  the  question  of  assist- 

beglnning    

and    ending    

according  to  the  attached  plans  and  specltications  and  to  the 
satisfaction  of  the  party  of  the  first  part. 

The  party  of  the  second  part  further  covenants  and  agrees 
that  the  following  papers  shall  be  bound  with  and  be  an  essen- 
tial part  of  this  contract,  to-wit:  the  I'lans,  Notice  to  Contrac- 
tors. Specifications,  Proposal  and  Contract  Bond. 

In  consideration  of  the  furnishing  of  the  materials,  appli- 
ances, tools  and  labor,  and  performing  all  work  reciuirerl  for  the 
completion  of  this  contract,  the  party  of  the  fir.st  part  covenants 
and  agrees  to  reimburse  the  party  of  the  second  part  for  the 
actual  cost  of  all  labor  and  materials,  the  use  of  which  in  the 
performance  of  this  contract  has  been  authorized  by  the  party  of 
the  first  part,  except  as  hereinafter  provided,  and  to  further  pay 

the  party  of  the  second  part  the  sum  of* 

Dollars,  which  sum  is  mutually  agreed  to  cover  the  cost  of  fur- 
nishing all  tools,  appliances,  equipment.  super\-lslon  (other  than 
foremen  in  actual  field  charge  of  construction  work)  and  a  rea- 
sonable profit. 

It  is  also  mutually  agreed  that  If  the  unit  cost  of  the  labor 
and  the  matiTials  necessary  for  the  performance  of  any  Item  or 
Items  included  in  this  contract  is  less  than  the  estimated  unit 
cost  as  set  forth  In  the  proposal,  the  party  of  the  first  part  will, 
except  as  hereinafter  provided,  pay  to  the  party  of  the  second 
part,  as  a  bonus,  one-half  of  the  total  amount  by  which  the 
actual  cost  of  this  Item,  or  these  items,  is  less  than  the  esti- 
mated cost  as  calculated  from  the  engineer's  certificate  of  the 
number  of  units  performed  and  their  estimated  unit  cost  as  set 
forth  in  the  proposal. 

It  Is  further  mutually  agreed  thut  If  the  actual  unit  cost  of 
the  labor  and  materials  used  In  performing  any  Item  or  Items 
named  In  the  proiwsal  shall  exceed  the  estimated  unit  coirt  as  set 
fiirth  In  the  proposal,  one-half  of  the  difference  between  the 
a.tual  cost  of  this  Item,  or  these  items,  and  the  estimated  coat 
ns  calculated  from  the  engineer's  certificate  of  the  number  of 
units  perform«-d  and  their  estimated  cost  as  set  forth  in  the  pro- 
posal, shall  be  dedurteil  from  the  lump  sum  herein  provided  to 
cover  the  cost  of  furnishing  tools,  appliances,  etc..  or  from  any 
bonus  accruing  on  any  other  item  or  items  'ncluili-d  in  this  con- 
tract, but  no  deductions  made  under  this  provision  shall  reduce 
the  lump  sum  payable  to  the  party  of  the  second  part  for  tools, 
appliances,  etc..   below  the  sum  of  t I>olljirs. 


•I'sually  from  15  per  cent  to  20  per  cent  of  total  cost, 
tl'sually  one-half  of  lump  sum  above  referred  to. 


ing  in  the  financing  of  projects  came  up  for  discus- 
sion, it  appeared  at  once  that  the  South  Dakota  laws 
would  not  permit  direct  payments  in  money  even  for 
labor  used  under  the  new  contract  but  required  that 
all  state  bills  be  paid  by  warrant.  At  best  such  a 
system  is  slow  and  while  not  wholly  unfitted  for  the 
payment  of  permanent  employees  carried  over  long 
periods  of  time,  is  notoriously  ill  adapted  to  the  pay- 
ment of  labor  during  times  like  the  present.  More- 
over, the  laws  of  the  state  do  not  permit  the  payment 
of  the  full  value  of  the  work  done  on  a  contract  till 
the  contract  is  completed.  It  was,  therefore,  impossi- 
ble for  the  state  to  pay  direct  all  bills  for  labor  and 
materials.  However  to  avoid  the  difficulties  as  much 
as  possible  as  well  as  to  control  absolutely  the  pay- 
ment of  laborers  and  the  payment  for  all  materials 
i;sed,  and  in  order  to  give  some  financial  assistance, 
it  was  decided  that  on  contracts  of  this  kind  the  con- 
tractor would  be  required  to  make  an  initial  deposit 
at  a  satisfactory  bank,  which  deposit  would  be  used  in 
starting  the  work.  As  this  money  so  deposited  would 
be  withdrawn  only  for  the  i)ayment  of  labor  and  ma- 
terial under  the  authorization  of  the  Highway  En- 
gineer its  e.xpendituro  could  be  readily  controlled. 
Moreover  in  this  way  the  state  laws  providing  that  the 
full  value  of  the  work  done  can  not  be  paid  till  the 
contract  is  completed  are  readily  complied  with  and, 
at  the  same  time,  the  contractor  is  called  on  for  no 
financial  outlay  in  excess  of  his  original  deposit. 

To  make  the  contract  clearer  the  following  defini- 
tions were  added  to  the  regular  form  of  proposal: 

The  term  l^VlllMv.  as  us.-d  In  iIiIh  propi>.ial.  shall  include  all 
foremen  and  la)>orers.  skilled  and  Mn^klllpd.  nuihorlzed  and  em- 
ployed  In  the  actual  execution  of  this  contract. 

I'nder  this  heading  will  also  Iw  included  teams,  whether 
employed  with,  or  without  driver. 
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The  term  MATERIALS,  as  used  in  this  proposal,  shall  include 
all  materials  authorized,  purchased  for  and  used  on  this  work, 
together  with  fuel,  gasoline,  oil,  etc.,  used  in  operating  machin- 
ery used  on  the  work  and  the  cost  'if  repairing  breakages  which 
occur  in  the  performance  of  this  contract. 

As  an  indication  of  how  this  contract  will  work  out 
when  it  is  fully  understood  by  the  contractors,  the  fol- 
lowing bid,  entered  at  the  letting  above  referred  to,  is 
of  interest: 

Regular  form  New  form 

of  contract,  of  contract. 

For  3  miles  of  pavement  18  ft.  wide —  „.    „. 

Concrete $73,022.42  $71,657.91 

Bituminous  macadam    (73,022.83  58,736.32 

It  is  hoped  that  when  fully  understood  by  all  con- 
cerned, both  the  State  and  the  contractors  will  gain  by 
the  new  form  of  contract. 


Enamel  Painting  of  Street  Cars 

The  Union  Traction  Co.  of  Indiana  was  among  the 
first  to  try  out  enamel  painting,  and  perhaps  among 
the  first  to  adopt  it  as  standard.  Through  a  long 
series  of  tests  and  careful  watching  in  the  applica- 
tion of  the  enamel  processes  of  painting  the  mechan- 
ical department  of  the  company  was  satisfied  with  the 
results  and  is  now  using  it  exclusively  on  interurban 
city  and  suburban  cars. 

The  company  was  confronted  with  the  necessity 
of  speeding  up  production  and  offsetting  the  short- 
age of  labor,  and  at  one  time  tried  spraying  its  cars. 
This  method  was  abandoned  on  account  of  the  mist 
from  the  paint;  while  invisible  at  a  distance  of  some 
20  ft.  away  from  the  car,  yet  it  was  in  the  atmosphere 
and  other  workmen  would  breathe  it,  and  inasmuch 
ss  it  would  have  required  considerable  expenditure 
to  fit  up  a  room  or  building  where  this  process  might 
have  proved  successful,  and  being  a  game  of  chance, 
the  company  could  not  look  upon  the  idea  with  any 
farther  favor.  This  experience,  however,  should  not 
condemn  the  process  as  it  may  have  considerable 
merit  when  proper  provisions  can  be  made  to  take 
care  of  it. 

The  enamel  process,  states  Electric  Traction,  has 
been  found  to  have  a  particular  advantage  in  retain- 
ing its  gloss,  whereas,  with  the  old  varnish  process 
the  luster  was  quickly  lost. 

At  first  it  was  hard  to  become  accustomed  to  a  sub- 
stitute for  gold  or  silver  leaf,  as  the  case  might  be. 
However,  it  was  not  long  before  every  one  was 
equally  well  pleased  with  the  black  and  yellow  enamel 
used  for  lettering,  numbering  and  stripping. 

Another  thing  which  was  eliminated  was  the  strip- 
ij;g  of  the  cars  on  the  outside  and  inside.  No  more 
of  this  is  done  than  is  absolutely  compulsory  to  keep 
the  cars  from  having  a  somber  appearance,  and  after 
becoming  accustomed  to  cars  with  the  absence  of 
suiping  and  other  frills,  it  is  really  surprising  how 
well  the  work  looks.  It  is  quite  apparent  that  the 
idea  of  striping  and  scrolling  as  a  necessity  was 
merely  an  imaginary  whim. 


Quinine  as  Malaria  Preventive. — Dr.  R.  C.  Deri- 
vaux,  medical  officer  in  charge  of  malarial  investiga- 
tion of  the  U.  S.  Public  Health  Service,  in  his  re- 
cent publication  dealing  with  a  quinine  immunization 
experment  on  a  number  of  families  living  on  large 
plantations,  states  that  at  Lake  Village,  Ark.,  quinine 
was  given  237  persons  for  immunization  and  a  reduc- 
tion of  64.45  per  cent  obtained  as  ascertained  by  re- 
peated parasite  index  examinations.  This  demonstra- 
tion was  carried  on  jointly  by  the  International 
Health  Board  and  the  U.  S.  Public  Health  Service. 


Method    of    Keying   and  Joining 
Sections  of  Government  Con- 
crete Dam  at  Troy,  N.  Y. 

A  novel  method  of  keying  and  joining  the  sections 
was  employed  in  the  construction  of  the  recently 
completed  Government  lock  and  dam  on  the  Hud- 
son River  at  Troy,  N.  Y.  The  methods  of  keying  the 
blocks  are  described  by  Mr,  Frank  P.  Fifer,  Junior 
Engineer,  in  July-August  Professional  Memoirs,  from 
which  the  matter  following  is  taken: 

The  type  of  vertical  keys  used  between  sections  in 
the  bulkhead  and  abutments  of  the  dam  at  Troy  con- 
sisted of  V-shaped  grooves.  This  V  type  of  key  was 
also  used  in  the  monoliths  of  the  dam  proper  for  that 
part  of  the  structure  below  the  elevation  of  the 
apron,  in  addition  to  which  the  up  and  down-stream 
halves  of  each  section  were  set  at  an  angle  to  each 
other,  thus  making  a  V-shaped  joint  of  the  whole  face. 
For  that  part  of  the  dam  from  the  elevation  of  the 
apron  to  the  crest,  a  key  consisting  of  a  series  of 
waves  or  curves  was  adopted.  A  plan  view  of  this 
type  of  joint,  together  with  a  typical  section  of  the 
west  arm.  of  the  dam,  is  shown  in  Fig.  1.  The  east 
arm  section  is  similar  in  outline,  the  crest  being  2 


Method     of     Keying 


ft.  lower  in   elevation,  and  similar  joints  were  used 
in   it. 

The  curve  type  of  joint  secures  a  maximum  effec- 
tiveness with  a  minimum  cost  in  construction.  Any 
other  joint  employing  projections  of  the  V-type  or 
otherwise,  would  require  for  the  same  effectiveness 
a  very  large  number  of  pieces,  requiring  much  han- 
dling in  placing  and  removing  them  at  each  joint, 
besides  entailing  some  breakage.  The  bonding  shown 
being  integral  with  the  form  itself  avoids  the  extra 
v-ork,  and  is  ready  for  use  as  soon  as  the  form  is  se- 
cured. 

The  sections  of  the  dam  were  placed  in  two  lifts. 
The  first  lift  extended  from  the  prepared  rock  sur- 
face to  the  top  of  the  apron.  This  foundation  course 
was  anchored  to  the  rock  surface  by  IVo-in.  square 
rods,  10  ft.  long,  slanting  downstream  at  an  angle  of 
45°,  spaced  10  ft.  on  centers,  and  are  grouted  about  5 
ft.  into  solid  rock.  The  second  lift  extends  from 
the  top  of  the  apron  to  the  crest  of  the  dam.  The 
bond  between  the  two  lifts  is  secured  by  making  the 
line  of  separation  between  them  a  series  of  knobs  and 
depressions.  In  addition  to  the  bonding,  1  in.  square 
rods  were  placed  on  a  45°  downstream  slant,  the  ends 
of  the  rods  being  embedded  to  an  equal  depth  in  each 
lift.  These  rods  are  spaced  about  8  ft.  center,  and 
ore  about  8  ft.  long.  They  were  simply  stuck  into  the 
p'reen  concrete  of  the  foundation. 
0)' 
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Selecting,  Forj^ing  and  Tempering 
Drill  Bits  and  Drill  Steel 

In  our  issues  of  Jan.  Iti  aiul  March  lilt,  1<J18,  we 
reprinted  from  the  Enttineerin^  ami  Mining  Journal 
an  excellent  article  by  Geo.  H.  Gilman,  Chief  Engi- 
neer of  the  Pneumatic  Drill  and  Channeler  Depart- 
ment of  the  Sullivan  Machinery  Co.  on  the  proper 
shape  of  drill  bits  and  their  development.  In  an- 
other issue  of  the  above  mentioned  journal  Mr.  Gil- 
man  discussed  the  selection,  forging  and  tempering 
of  the  bits  and  steel,  and  this  matter  is  reprinted  be- 
low. 

Importance  of  Quality  of  Steel. — Too  much  impor- 
tance can  nut  be  attaclicd  to  the  problem  of  deter- 
mining the  ijuality  of  drill  steel  that  is  best  suited 
for  the  ground.  The  best  drill  steel  is  not  necessarily 
the  highest  priced,  nor  is  a  cheap  steel  the  best  for 
a'.l  conditions.  In  general,  it  may  be  said  that  the 
best  steel  to  employ  for  a  fixed  set  of  conditions  is 
the  steel  that  will  withstand  the  duty  imposed  upon 
it  without  undue  breakage  and  will  withstand  the 
abrasive  action  of  the  rock  with  the  least  amount  of 
wear. 

Hollow  drill  steel,  which  is  now  generally  used 
throughout  the  United  States  in  combination  with 
hammer  rock  drills  embodying  an  air  or  water  jet  for 
the  purpose  of  ejecting  the  sludge  or  rock  cuttings 
from  the  bottom  of  the  drill  hole,  is  a  comparatively 
new  departure  in  steel  making,  and  the  manufactur- 
ers have  experienced  some  difficulty  in  meeting  the 
requirements,  owing  chiefly  to  the  fact  that  the  hole 
throughout  the  length  of  the  bar  introduces  (especial- 
ly in  the  high-carbon  steel)  difficulties  of  manufac- 
ture that  have  not  been  easy  to  overcome;  and  for 
this  reason  it  is  a  generally  accepted  fact  that  hollow 
drill  steel  is  more  susceptible  to  breakage  than  solid 
steel  of  corresponding  sectional  area.  However,  there 
are  now  on  the  market  many  excellent  hollow  drill 
steels  that  may  be  procured  in  a  great  variety  of 
fhapes  and  sizes. 

The  chemical  composition  of  drill  .steel  is  a  matter 
that  has  been  subjected  to  a  great  deal  of  experiment 
by  the  drill-steel  manufacturers,  the  mining  indus- 
try and  the  manufacturers  of  rock  drills.  It  is  an  ac- 
cepted fact  that  steel  of  a  low  carbon  content  will 
withstand  more  abuse  by  the  blacksmith  and  lends 
itself  more  readily  to  welding  than  steel  embodying  a 
greater  percentage  of  carbon ;  on  the  other  hand,  it 
has  been  determined  by  experience  covering  a  great 
many  years  that  the  higher  carbon  steel  will  better 
withstand  the  vibratory  shocks  to  which  it  is  sub- 
jected in  hammer-drill  service,  and  furthermore,  the 
cutting  bit.  although  requiring  more  care  in  the  work- 
ing and  tempering,  may  be  made  to  last  much  longer 
than  is  possible  with  the  lower  carbon  steel. 

The  following  specifications  for  straight  carbon 
hollow  drill  steel  to  meet  average  conditions  of  ground 
;nd  air  pressure  conform  with  present-day  practice: 

rHICMICAU  CDMI'iiSITIu.V. 

l>tr  Ctnt 

rarlM.ri    0.85  to  0.90 

MniiK.iiiciic    O.Sn  to  0  <0 

Iho.«|ihoru8   Under    O.m 

Sulptiiir     ITndor     0  0^ 

Silicon     * n.lO  I"  0  20 

The  forging  heat  of  this  steel  should  not  be  higher 
than  1,600  F.  The  quenching  heat  should  be  ap- 
proximately 1.300  F.  (critical  or  decalesccnce  point). 
To  secure  this  result  the  hardening  furnace  should 
he  set  to  secure  a  heat  of  from  1,420'  F.  to  1,440    F. 

The  following   specifications   for  drill   steel   as  ap- 


plied to  workmanship  of  the  bar  stock  are  fair  and 
leasonabte  to  both  the  steel  user  and  to  the  manufac- 
turer. 

Iliim  nhull  !><■  frer  from  Injurious  drfectn,  ahall  have  n  work- 
iiiiiiillki-  tlnioli.  nnil  atiiill  not  br  drfareil  by  (lainplnK.  niril  num- 
l.tK  .T  ^>IIll">ll•  rxcrpt  within  i  Inchrn  of  one  rnd  of  l>»r 

Til.-  ..iiinidi-  diameter  of  Ijara  muiit  not  exceed  the  ordlnary 
.  .MiiM,'r<  lul  limit  of  iilock  uf  this  nature  and  muiit  not  be  Kiorc 
thiin  I  6»  Inch  under  or  over  the  apecined  »lxe.  The  hole  throuKh- 
otii  the  It-nKth  of  the  bar  mu«t  come  within  the  followlnK  llmlu: 
Sixc  of  Sii.-  of  lldl.- > 


Drill 
>teel. 

\    . 
I 


In. 


In. 


iH    S  '10 

The  hole  muat  be  of  Kuch  alxe  and  ahape  that  a  atvel  ball  of 
the  Hlxe  Hpecined  by  the  minimum  limit  may  t>e  paaned  throueh- 
out  the  entire  lenKth.  It  mu*t  not  exceed  In  area  that  of  the 
imixlmum  limit,  and  In  the  case  of  the  hole  l>elnK  elll|itlcal  the 
lonK  diameter  must  not  exceed  the  diameter  of  the  maximum 
limit  plUH  lit;  Inch.  The  hole  must  not  be  more  than 
1  32  Inch  off  center  from  the  axis  of  the  bar.  and  sharp  comers 
In  the  hole.  .xeumK,  Haws  or  crack.s  in  the  tMir  will  be  sufndent 
t.'iu-o-  f..r  rejciiloii. 

The  Drill-Steel  Sharpening  Shop. — No  man  on  the 

job  deserves  more  consideration  than  the  drill-steel 


dl «  IW  from  one  tide  onlji 
viing  oil  birnen  from 
Oer\\tr  Fire  Chy  Co  Firnace 

Fig.    1.— Oil    Burning     Drill    Heating    Furnace. 

blacksmith,  for  upon  him  depends  in  a  great  measure 
ihe  entire  success  of  drilling.  A  few  minutes'  care- 
lessness by  a  blacksmith  may  undo  many  days'  work 
of  a  careful  steelmaker.  Underheat  in  hardening  nat- 
urally results  in  a  soft  drill  steel,  while  uneven  heat- 
ing or  heating  for  too  short  a  time  will  result  in  a 
soft  center  bit  with  danger  of  breakage  when  the 
steel  is  put  into  service.  Present-day  practice  is 
sounding  the  death  knell  of  the  old-style  coal  or  coke 
forge  for  heating  rock-drill  steel  for  forging  and 
tempering,  and  it  is  being  rapidly  supplanted  with 
the  gas  or  oil  furnace,  which  has  a  great  many  points 
in  its  favor,  chief  among  them  the  fact  that  it  may 
be  adju.sted  to  approximately  maintain  the  proper 
temperature  in  the  heating  chamber  and  thus  ob- 
viate over-heated  or  burnt  drill  steel. 

A  word  of  caution  should  be  introduced  against  the 
coninion  practice  of  allowing  the  bits  to  remain  in 
the  furnace  longer  than  is  necessary  to  bring  the 
hc.'it  up  slowly  and  uniformly  to  the  desired  tempera- 
ture, which  in  practice  is  commonly  termed  "soak- 
irp-"  This  has  a  tendency  to  open  the  grain  of  the 
metal  by  enlarging  the  crystals  and  produces  brittle- 
ness.  "The  l)lacksmith  should  handle  his  steel  in  ro- 
tation by  advancing  each  steel  one  step  nearer  the 
point  of  withdrawal  when  a  new  drill  is  inserted. 

The  furnace  is  preferably  constructed  with  baffle 
plates  or  surfaces  to  insure  the  maximum  heat  of  the 
blast  being  directed  against  or  over  the  drill  bit  just 
prior  to  the  point  at  which  it  is  withdrawn  from  the 
fire.  The  number  of  steels  that  can  be  heated  in  the 
furnace  at  one  time  is  determined  by  the  time  re- 
(:uired  to  bring  the  heal  of  the  bit  up  to  the  proper 
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point  and  the  speed  at  which  it  is  withdrawn  for 
forging  or  tempering.  It  is  desirable  to  both  forge 
and  temper  drill  steel  on  the  rising  heat,  which  neces- 
sitates the  steel  being  withdrawn  from  the  furnace 
the  instant  the  required  heat  is  obtained. 

Gas  as  fuel  is  recommended  where  it  is  accessible 
and  cheap,  as  it  is  the  cleanest  and  costs  least  for 
installing.  If  oil  is  used,  it  is  desirable  to  have  the 
oil-storage  tank  below  the  level  of  the  burner,  as 
the  fire  risk  is  lessened.  A  satisfactory  grade  of  fuel 
oil  may  be  procured  at  current  prices  ranging  from 
3  to  4  ct.  per  gallon. 

In  isolated  districts  a  great  many  of  the  mine 
blacksmith  shops  are  equipped  with  home-made  fur- 


from  the  size  specified.  (See  Figs.  2  and  3.)  The 
striking  end  should  be  kept  square  and  smooth,  with 
both  the  inner  and  outer  edges  slightly  rounded.  The 
hole  in  the  shank  for  the  reception  of  the  water  tube 
should  invariably  be  kept  central  and  open  to  the 
size  specified,  for  a  distance  of  from  3  to  SM;  in.  from 
the  tip.  This  hole  in  the  smaller  sizes  of  hollow  drill 
steel  should  not  be  less  than  3/16  in.  and  in  the  larger 
sizes,  %  in.;  otherwise  a  great  deal  of  trouble  will 
be  experienced  by  broken  water  tubes. 

Device  for  Keeping  Holes  in  Shank  and  Bit  Open. — 
For  large  installations  it  is  recommended  that  a 
pneumatic  punch  be  provided  for  punching  out  the 
hole  in  both  the  shank  and  bit  end  during  the  forging 


naces,  the  burner  only  being  purchased  outside.  A 
sketch  of  such  a  furnace  which  may  be  made  at  com- 
paratively slight  expense  with  equipment  to  be  found 
in  the  average  smith's  shop  is  shown  in  Fig.  1.  If 
a  pyrometer  is  used  for  determining  and  checking 
ihe  heating  furnace  a  base-metal  outfit  is  recom- 
mended on  account  of  its  simplicity  and  the  fact  that 
its  ifpkeep  is  slight.  The  pyrometer  should  be 
checked  periodically.  If  the  base-metal  couple  is 
used,  one  of  the  fire  ends  can  be  kept  as  a  standard 
snd  the  fire  end  in  daily  use  compared  with  this 
standard.  Each  month  or  so  a  new  fire  end  can  be 
used  for  the  standard  and  the  old  standard  put  in 
daily  use.  The  indicator  or  galvanometer  should  be 
adjusted  daily  for  the  zero  reading.  If  the  tempera- 
ture of  the  cold  junction  of  the  fire  end  is  deter- 
mined with  an  ordinary  thermometer,  the  indicator 
can  be  adjusted  to  this  temperature. 

For  drill  steel  of  the  carbon. content  specified,  the 
forging  heat  should  not  exceed  1,600°  F.  The  forg- 
ing operation  should  not  be  continued  after  the  steel 
fades  from  a  good  red  color,  as  working  a  steel  cold 
(below  its  critical  range)  distorts  the  refined  struc- 
ture and  tends  to  produce  brittleness.  It  is  better  to 
reheat  the  steel  to  finish  the  forging  operation  than 
to  chance  a  bit  or  shank  breaking  underground. 

Too  much  emphasis  cannot  be  placed  upon  the  de- 
sirability of  forging  the  bit  and  shank  end  of  the 
drill  steel  by  subjecting  it  to  percussive  action  in- 
stead of  squeezing  the  part  into  shape  on  the  prin- 
ciple of  the  bulldozer.  Drill  making  machines  are 
now  on  the  market  utilizing  the  hammer  blow  for 
both  upsetting  and  swaging.  This  method  approaches 
more  closely  the  results  secured  from  hand-sharpen- 
ing, which  blacksmiths  know  is  advantageous  to  the 
standing-up  qualities  of  the  bit.  It  furthermore  per- 
mits the  forging  operation  to  be  done  at  a  compara- 
tively low  heat,  as  the  conductivity  of  a  rapidly  re- 
ciprocating swage  hammer  has  been  found  to  be  con- 
siderably less  than  that  of  a  squeezing  die. 

For  all  hollow  drill  shanks  equipped  with  a  collar 
or  lugs,  the  length  from  the  shoulder  to  the  striking 
end  should  not  be  more  than  1/16  in.  over  or  under 
the  specified  size,  and  all  transverse  dimensions 
should  not  vary  more  than  1/64  in.  in  either  direction 


operation.  A  number  of  successful  devices  have  been 
developed  for  the  purpose.  A  sketch  of  such  a  pneu- 
matic punch  is  shown  in  Fig.  4,  which,  in  general 
principle  of  design  and  operation,  has  been  adopted 
by  a  number  of  the  mining  companies  in  the  South- 
west. Briefly,  it  consists  of  an  air  cylinder  with  its 
piston  and  piston  rod,  to  the  front  end  of  which  is 
detachably  secured  a  taper  punch  of  the  required 
.•^.ize.     Compressed   air  is   admitted  to  the   front   and 
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rear  piston  chambers  by  a  four-way  plug  valve  under 
the  hand  control  of  the  operator.  Directly  at  the 
rear  of  the  air  cylinder  is  a  cushion  cylinder  with  its 
piston  attached  to  the  extension  piston  rod  of  the 
air  cylinder.  This  cylinder  is  filled  with  oil,  which 
is  displaced  from  one  end  to  the  other  through  a 
small  bypass  connection.  Forward  of  the  air  cylin- 
der is  a  clamping  device  with  suitable  gripping  jaws 
for  the  drill  steel.  This  may  be  made  hand-opera- 
tive or  equipped  with  an  air  cylinder  and  piston  con- 
nected by  a  toggle  with  jaws,  which  assists  materially 
in  minimizing  I  the  manual  operation.  With  an  ap- 
paratus of  this  kind  steel  may  be  punched  satisfac- 
torily while  hot,  in  from  4  to  5  seconds. 

Pyrometers  and  Compasses  to  Determine  Proper 
Heat  for  Tempering. — Whatever  the  grade  of  carbon 
drill  steel  adopted,  it  is  essential  that  the  critical  or 
decalescence  point  be  determined  to  assist  the  smith 
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in  securing  and  msiintaining  the  proper  heat  at  which 
the  miiterial  may  be  hardened  and  tempered  to  the 
best  advantage.  It  is  called  the  critical  point  be- 
cause it  is  the  point  in  the  temperature  of  the  piece 
beintr  heated  at  which  a  chanKe  takes  place  in  the 
structure  of  the  steel  due  to  the  carbon  being  dis- 
solved. It  is  the  point  below  which  steel  will  not 
harden  when  quenched,  and  by  coincidence  it  is  the 
point  at  which  the  steel  loses  its  magnetism.  For 
the  purpose  of  illustration,  take  a  bar  of  drill  steel 
j.bout  10  in.  long  and  nick  it  in  6  or  8  places  spaced 
equidistant,  to  make  breaking  easier.  Put  one  end 
in  the  furnace  and  heat  it  to  nearly  a  white  heat,  let- 
ting the  heat  gradually  run  out  to  a  dull  red  at  the 
opposite  end  of  the  test  piece  and  then  ((uench  it  in 
cold  water.  Now  break  the  piece  at  each  nicked 
place,  and  it  will  be  found  that  the  fracture  that  is 
closest  and  finest  grained  was  nearest  to  or  at  the 
critical  point.  A  skilled  smith  may  thus  determine 
this  point  by  experiment  and  gage  the  heat  by  tak- 
ing note  of  the  color,  but  this  method  is  unreliable 
unless  a  check  is  provided,  for  oftentime  the  eye  gets 
"off  color,"  being  influenced  by  the  degree  of  sur- 
rounding light  and  the  physical  condition  of  the  op- 
erator. It  may  be  determined  by  means  of  the 
pyrometer,  because  when  the  steel  reaches  the  critical 
point,  it  absorbs  an  abnormally  large  amount  of  heat. 
For  instance,  if  we  were  to  insert  a  pyrometer  into 
a  piece  of  steel  being  heated  in  a  furnace,  the  tem- 
perature would  be  found  to  rise  at  a  uniform  rate 
until  the  critical  point  is  reached,  when  its  rising 
temperature  is  suddenly  halted  by  the  physical  and 
chemical  changes  that  take  place  in  the  .steel,  which 
cause  it  to  absorb  a  certain  amount  of  heat  energy. 
In  cooling,  this  condition  is  just  reversed  and  a  piece 
of  steel  cooled  through  the  critical  point  will  be 
found  to  give  out  a  considerable  quantity  of  heat. 
While  the  pyrometer  method  is  reliable,  the  follow- 
ing, which  may  be  adopted  as  a  check,  is  perhaps 
more  practical  for  the  average  mine  smith. 

A  small  pocket  compass,  preferably  with  a  jeweled 
reedle  and  stop,  which  may  be  procured  in  almost 
any  jewelr>-  or  hardware  store  at  nominal  cost,  and 
a  pair  of  brass  or  other  nonmagnetic  tongs  are  the 
only  essentials.  This  compass  should  be  set  upon  a 
wooden  stool  in  close  proximity  to  the  forge  and  in 
such  a  position  that  the  natural  swing  of  the  test 
piece  back  and  forth,  when  testing,  will  be  in  a  plane 
at  right  angles  to  the  needle.  In  other  words,  the 
test  piece  being  hardened  should  be  swung,  using 
the  brass  tongs,  east  and  west.  By  passing  the  test 
piece  forward  and  backward  close  to  the  compass, 
the  magnetism  of  the  metal  will  cause  the  needle  to 
be  deflected  first  one  way  then  the  other  and  will 
continue  to  deflect  the  needle  until  the  proper  heat 
for  quenching  has  been  obtained.  The  right  heat  is 
reached  when  the  material  loses  its  magnetism.  It 
does  not  follow,  if  the  needle  remains  stationary  the 
first  time  you  test,  that  the  heat  is  right,  because 
after  the  material  has  reached  a  certain  degree  of 
heat  the  magnetism  leaves  the  steel,  so  there  is  no 
influence  on  the  needle  and  it  may  be  too  hot.  Differ- 
ent grades  of  drill  steel  having  different  carbon  con- 
lent  require  different  degrees  of  heat.  The  magne- 
tism leaves  the  steel  at  that  degree  of  heat  corre- 
sponding to  the  carbon  content  in  the  steel,  and  in 
every  case  this  is  the  proper  heat  for  dipping.  After 
testing,  the  smith  may,  by  remembering  the  color, 
give  the  bit  a  corresponding  heat,  (juench  it  in  the 
bath  to  harden  it  and  temper  it  by  subsequently  sub- 
jecting the  cutting  end  to  the  proper  heat,  by  dr.'iw- 


ing  the  temper  required  to  give  the  bit  the  necessary 
toughness  for  the  work. 

For  tempering  the  finishing  bit,  it  should  be  heated 
slowly  and  uniformly  until  the  critical  point  is 
reached  and  then  <iueiuhed  in  the  bath,  in  which  pro- 
vision may  be  made  for  automatically  drawing  the 
temper. 

While  the  critical  point  in  the  heating  of  carbon 
steel  does  at  all  times  indicate  the  degree  of  heat  at 
■-vhich  the  steel  may  be  quenched  to  the  best  advan- 
tage, it  must  be  borne  in  mind  that  there  will  be  a 
rapid  drop  in  temperature  of  the  heated  steel  during 
the  time  period  required  to  transfer  it  from  the  heat- 
ing furnace  to  the  quenching  bath;  and  in  order  to 
insure  the  steel  being  quenched  at  the  critical  point, 
it  should  be  heated  to  approximately  100  F.  higher 
before  being  removed  from  the  furnace. 

As  the  striking  end  of  hollow  drill  steel  for  ham- 


Fig.   5.— The    Homestake   Quenching   Tank   for   Drill    Steel. 

mer  drills  is  usually  equipped  with  lugs  or  a  collar 
to  properly  position  the  steel  in  the  path  of  the  pis- 
ton hammer,  it  is  desirable  to  subject  the  shank  end, 
for  a  distance  of  from  2  to  2'j  in.  below  the  lugs  or 
collar,  to  an  oil  treatment  in  order  to  provide  for 
toughness  and  to  make  the  angular  section  through 
which  the  rotary  motion  of  the  drill  chuck  is  trans- 
mitted to  the  drill  steel  as  wear-resisting  as  possi- 
ble. To  accomplish  this,  heat  the  shank  slightly  above 
the  critical  point,  remove  from  the  furnace  and  dip 
the  tip  end  in  a  receptacle  containing  several  pounds 
of  cyanide  of  potassium,  then  plunge  in  oil,  letting 
it  remain  in  the  oil  until  cold. 

For  holding  the  oil  a  quenching  tank  will  be  re- 
quired equipped  with  a  grate  bottom  placed  2  or  3 
in.  above  the  bottom  of  the  tank.  This  will  prevent 
the  steel  from  coming  in  contact  with  dirt  or  sedi- 
ment in  the  bottom  and  will  serve  to  eliminate  "soft- 
spot"  trouble.  A  great  many  devices  for  quenching 
and  drawing  the  temper  of  rock-drill  bits  automatical- 
ly have  been  and  are  being  used  successfully,  but  a 
device  similar  to  that  adopted  by  the  Homestake  Gold 
Mining  Co.  is  worthy  of  consideration  for  average 
mine  and  contract  conditions.  Fig.  5  shows  a  dia- 
grammatic  sketch   of  this  apparatus. 

This  consists  of  a  metal  tank  partly  filled  with 
running  water  in  which  is  submerged  a  revolvable 
perforated  disk  set  at  an  angle  with  respect  to  the  sur- 
face of  the  water.  From  this  disk  a  skeleton  framework 
is  provided  for  supporting  nonpositively  locking  the 
drill  steel  in  position,  which  is  disengaged  by  a  sta- 
tionary knock-off  lever  when  the  steel  has  been  tem- 
pered for  service.     For  hardening  and  tempering  the 
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drill  bit,  the  steel  is  removed  from  the  heating  fur- 
nace whsn  the  critical  point  has  been  reached  and 
the  bil  end  is  immediately  quenched  by  placing  it  in 
a  vertical  position  on  the  outer  edge  of  the  revolving 
disk  and  at  the  point  which  is  nearest  the  surface 
of  the  water,  it  being  locked  in  this  position  by  a 
spring  latch.  This  disk  is  made  to  revolve  slowly 
and  continuously,  thus  causing  the  drill  bit  to  be 
submerged  gradually  in  the  bath  (which  is  in  a  state 
of  agitation)  until  it  reaches  the  point  diametrically 
opposite  that  at  which  it  was  positioned.  Then  it  is 
gradually  raised  from  the  bath  until  it  is  auto- 
matically disengaged  by  the  knock-off  lever,  it  hav- 
ing traveled  through  appro.ximately  315°  of  a  circular 
path.  A  number  of  drill  steels  may  be  mounted  on 
the  disk,  depending  upon  the  number  of  vertical  sup- 
ports with  which  it  is  provided. 

This  method  of  quenching  and  tempering  auto- 
matically possesses  many  advantages,  chief  among 
which  is  that  it  insures  uniformity.  The  apparatus 
if,  fle.xible,  and  the  maximum  and  minimum  depth  of 
submersion  and  the  speed  at  which  the  disk  revolves 
may  be  varied  to  suit  the  requirement.  Owing  to  the 
gradual  submersion  of  the  bit,  there  is  a  blending 
from  the  hard  to  the  untempered  portion,  which  re- 
duces to  a  minimum  the  liability  of  breakage. 

Inspection  of  Drills  Before  Leaving  Shop. — It  is 
excellent  practice  to  inspect  each  drill  steel  subse- 
quent to  the  tempering  operation  and  prior  to  the 
transportation  of  the  steel  from  the  shop  to  the  drills. 
It  should  be  the  duty  of  the  inspector  to  see  to  it  that 
each  piece  of  steel  comes  within  the  permissible 
limits  that  may  be  established.  He  should  make 
sure — 

That  the  drill  steel  is  straight  and  that  the  bit  and 

shank  are  formed  in  alignment  with  the  steel  body; 

That  the  shank  is  of  the  proper  length  rnd  shape; 

That  the  lugs  or  collar  at  the  base  of  the  shank 

are  of  the  proper  diameter  and  length; 

That  the  hole  throughout  the  steel  is  of  the  proper 
size  and  free  from  obstruction; 

That  the  striking  end  of  the  shank  is  flat  and 
square,  with  the  inner  and  outer  edges  slightly 
rounded; 

That  the  bit  is  of  the  proper  shape,  with  the  cut- 
ting and  reaming  edges  formed  full  and  to  the  re- 
quired size; 

That  the  gage  of  the  bit  is  of  the  correct  size  for 
the  length  of  the  steel; 

That  the  reaming  edges  of  the  bit  are  concentric 
with  the  axis  of  the  steel ; 

That  the  angle  of  the  reaming  side  corresponds  to 
the  standard  that  may  be  established  for  the  exist- 
ing conditions: 

That  there  are  no  sharp  corners  at  the  shoulder 
Avhere  the  bit  blends  into  the  steel  body; 

That  the  drill  steel  is  free  from  cracks  and  other 
imperfections  which  might  result  in  breakage  when 
put  into  service; 

That  the  steels  are  of  the  proper  length  to  corre- 
spond with  the  established  length  of  steel  change. 

The  object  of  the  smithshop  foreman  should  not 
be  to  see  how  many  drill  steels  he  can  put  through 
the  forge  or  drill-sharpening  machine,  but  to  see 
how  many  correctly  shaped,  gaged,  tempered  and 
sorted  drill  steels  he  can  turn  out  per  unit  of  time. 
For  inspecting  the  shanks,  a  hollow  gage  of  the 
correct  length  with  its  inside  diameter  of  such  a  size 
and  shape  that  it  may  be  readily  passed  over  the 
shank  body  and  lug  is  recommended. 


For  inspecting  bits,  a  limit  ring  gage  about  11/3 
in.  long  for  each  size  of  bit  may  be  used  to  advan- 
tage. The  bore  of  the  gage  should  be  slightly  tapered 
in  order  that  the  larger  diameter  at  one  end  may  de- 
termine the  maximum,  and  the  smaller  diameter  of 
the  other  end  the  minimum  permissible  for  each  size 
of  bit.  The  method  employed  when  inspecting  is  to 
place  the  large  end  of  the  gage  over  the  finished  bit, 
which,  if  it  enters  but  does  not  go  through,  will  in- 
dicate that  the  gage  diameter  of  the  bit  is  within  the 
permissible  limits.  It  will  also  determine  if  the 
reaming  edges  are  correctly  formed.  For  conve- 
nience the  ring  gage  may  be  made  with  a  segment  of 
its  wall  cut  away,  thus  providing  a  means  for  the  in- 
spector to  determine  if  the  required  clearance  is  pro- 
vided at  the  rear  of  the  reaming  edge. 

Remember  that  great  importance  is  attached  to 
having  the  drill  bit  true  in  every  particular  so  that 
the  shank  is  in  a  straight  line  with  the  axis  of  the 
steel  and  the  outside  edges  of  the  bit  are  in  a  true 
circle. 


How  the   $500,000,000   for   Railway  Work 
Will    Be   Spent 

Of  the  $500,000,000  authorized  by  Director  General 
of  Transportation  William  McAdoo  for  expenditure 
this  year  for  railroad  improvements  and  extensions 
only  $88,500,000  had  been  spent  up  to  July  1.  Of  the 
amount  $18,632,000  went  for  additional  yard  tracks, 
sidings  and  industrial  tracks,  $12,000,000  for  main 
tracks,  $8,650,000  for  freight  and  passenger  stations 
and  office  buildings,  and  $8,150,000  for  bridges, 
trestles  and  culverts.  The  apportionment  of  the  half 
billion  dollars  among  the  railroads  was  given  in  our 
July  17  issue.  The  schedule  of  the  various  classes  of 
work  to  be  covered  by  this  expenditure  follows: 

A\'idening   cuts   and   fills,    filling   trestles,    etc $  5.116,000 

i;allasting     9,379,000 

Rails  and  other  track  material 31,512,000 

Bridses,    trestles  and   culverts 38,254,000 

Tunnel    and    subway    improvements    2.185,000 

Track    elevations    or    depressions 6,717,000 

I'^iimination    of     ijrade     crossings 7,691,000 

lirade   crossing   and   crossing  signals 647.000 

Additional    main    tracks    47,118.800 

Additional  vard  tiacks,   sidings  and  industry  tracks....   99.231,000 

I'hansps    of    srade    or    alignment 6,363,000 

Sisnals    or    interlocking    plants 11,236,000 

Telegraph     and     telephone     lines 5.131,000 

Roadway    machinery   and   tcols 955,000 

.Section  houses  and  other  roadway  buildings 1,309,000 

Fences    and    snowsheds,    right    of    way,    snow    or    sand 

fences     817,000 

Freight    and    passenger    stations,    office    buildings,    etc..   23,510,000 

Hotels    and    restaurants    199,000 

Fuel    stations    and     appurtenances _ 6,197.000 

Water  stations  and  appurtenances 13,520,000 

Shop  buildings,   enginehouses  and   appurtenances 62,S01,0j0 

Shop    machinery   and    tools 10.723.000 

Electric   power   plants,    substations,    transmission    lines, 

etc 10,796,000 

Wharves    and    docks 3,236,000 

Coal  and   ore  wharves 7,024,000 

Orain    elevators    and    storage    warehouses 2,954,000 

Real    estate    3,432,000 

Assessments    for    public    improvements 1.1S2.000 

All  other   improvements    2S,1 13,000 


Clam  Shell  Bucket  in  Snow  Removal  Work 

A  clam  shell  bucket  handled  by  a  self-propelled  der- 
rick car  was  employed  very  successfully  last  January 
by  the  New  Yoi-k  Central  R.  R.  in  removing  snow  from 
r  highway  intersection  at  the  Gibson,  Ind.,  yard.  The 
entire  area  had  to  be  cleared  which  if  done  by  hand 
shoveling  would  have  involved  carrying  the  snow  in 
shovels  a  considerable  distance.  It  is  stated  that  the 
bucket  and  derrick  in  1  hour  removed  as  much  snow 
as  30  men  with  hand  shovels  would  have  done  in  10 
hours. 
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Levee  Settlement:  Cause  and 
Remedy 

The  recent  frequent  c;i.sf.s  of  levee  settlement  on 
certain  parts  of  the  Mississippi  has  brought  to  the 
attention  of  the  authorities  a  problem  in  levee  con- 
struction, which  though  not  altogether  unknown  in 
the  more  remote  past,  has  not  until  the  last  4  or  5 
years  reached  the  proportions  which  call  for  pre- 
cautions to  prevent  or  minimize  its  recurrence.  A 
^■tudy  of  this  sinking  or  subsiding  tendency  has  been 
made  by  the  Board  of  State  Engineers  of  Louisiana, 
and  in  their  last  annual  report  some  of  their  con- 
clusions are  given.  The  notes  following  are  taken 
from  this  report. 

It  is  the  exception  rather  than  the  rule,  that  new 
levees  can.  as  a  general  proposition,  be  built  and  the 
amount  of  .settlement  be  limited  to  what  may  reason- 
ably be  expected  from  the  natural  shrinkage  taking 
place  in  newly-constructed  earthwork.  This  tendency 
of  reaching  what  seems  to  be  the  limit  of  the  support- 
ing power  of  the  soil  has  been  particularly  noticeable 
in  levee  construction  below  New  Orleans. 

Observations  of  numerous  occurrences  of  this  kind 
in  widely  different  localities  have  pointed  to  the  ex- 
istence of  some  relation  between  the  natural  eleva- 
tion of  the  ground  upon  which  the  levee  is  built,  and 
the  net  height  of  the  levee  it  will  sustain.  It  has 
been  noticed  that  where  the  ground  surface  is.  for 
Lxample.  5  ft.  above  the  Gulf  Level,  it  will  carry  a 
levee  9  ft.  high,  but  not  one  11  ft.  high.  Likewise  if 
the  ground  surface  is,  say,  3  to  4  ft.  above  Gulf  Level, 
it  will  barely  sustain  a  levee  6  ft.  high. 

It  has  also  been  noticed  that  these  subsidences  oc- 
cur more  often  in  instances  where  levees  are  built  by 
machinery  than  where  built  by  wheel-barrows  or 
teams,  and  this  fact  has  led  to  the  opinion  that  the 
probable  cause  of  the  failure  of  the  foundation  is  the 
deeper  pit  excavation  made  by  the  levee-building  ma- 
chine. This  opinion  is  based  on  the  assumption  that 
underlying  the  foundation  of  the  levee  are  .strata  of 
.semi-liquid  material  or  watery  slush,  and  this  ma- 
terial is  displaced  by  one  or  the  other  of  the  following 
causes: 

1.  These  strata  are  tapped  in  digging  the  pit,  and 
the  slushy  material  oozes  out  or  flows  out  into  the  pit, 
leaving  a  void  under  the  foundation  of  the  levee 
which  is  filled  by  the  superincumbent  embankment 
crushing  through  suddenly;  or, 

2.  The  pits,  after  having  been  stripped  of  what  may 
be  termed  the  over-burden  of  deposit  have  insufficient 
thickness  on  the  bottom  to  resi.st  the  upward  pressure 
of  this  semi-fluid  material  and  in  this  way  permit  its 
displacement  from  under  the  levee  by  pushing  up 
'.he  bottom  of  the  pits,  and  is  accompanied  by  a  grad- 
ual slow  subsidence  of  the  adjacent  embankment. 

It  has  also  been  observed  that  where  .search  ditches 
or  muck  ditches  have  been  dug  near  the  center  line 
of  the  levee,  that  this  has  contributed  to  the  subsid- 
ing of  a  portion  of  the  levee,  if  not  of  the  whole 
length,  and  the  larger  the  search  ditch  or  much  ditch 
the  greater  the  degree  of  subsidence.  Instances  of 
this  kind  have  occurred  where  the  new  levee  was 
practically  a  turn-over  job  and  did  not  involve  dig- 
ging of  pits  exceeding  4  ft.  in  depth. 

Still  another  interesting  observation  was  the  case 
of  a  new  levee  located  in  a  sugar  cane  field,  a  part  of 


which  was  built  with  a  20-ft.  berme,  and  a  part  with 
a  45-ft.  berme,  and  which,  after  construction,  sub- 
sided to  the  point  where  the  change  to  a  wider  berme 
was  made;  no  subsidence  taking  place  on  the  wider 
berme  portion  of  the  levee,  although  the  same  height 
and  section  of  levee,  same  material  and  same  method 
of  construction  prevailed  in  both  cases. 

The  conclusions  reached  from  the  study  and  ob- 
servation of  this  subject  of  subsiding  levees  as  lim- 
ited to  the  instances  occurring  principally  on  that 
part  of  the  Mississippi  River  below .  New  Orleans, 
point  to  the  advisability  in  the  future  where  subsi- 
dences are  expected,  to  adopting  the  following  pre- 
ventive measures: 

(a)  The  depth  of  the  pit  to  be  limited  .so  that  the 
bottom  will  not  be  below  Gulf  Level. 

(b)  The  muck  ditch  to  be  eliminated  or  to  be  lo- 
cated at  or  near  the  toe  of  the  slope. 

(c)  A  greater  width  of  berme  to  be  pre.scribed  than 
has  been  the  practice  heretofore. 

As  regards  that  part  of  the  levee  system  above  New 
Orleans,  on  account  of  the  relatively  higher  elevations 
cf  the  ground  surfaces  and  the  corresponding  higher 
bearing  power  of  the  soils,  this  trouble  of  subsiding 
levees  was  not  generally  encountered  until  the  con- 
etruction  began  of  new  levees  on  retired  locations 
and  built  to  the  increased  prevailing  Mississippi  River 
Commission  grades.  The  increased  elevation  of  the 
!evee  grade  and  the  naturally  lower  elevation  of  the 
ground  surface  500  to  600  ft.  in  the  rear  of  the  exist- 
ing levee,  are  accountable,  in  a  majority  of  instances, 
for  an  increased  net  height  of  the  levee  from  3  to  4 
ft.  So  that  in  the  caving  banks  between  New  Orleans 
»nd  Baton  Rouge,  a  levee  with  a  net  height  of  20  to 
21  ft.  is  the  usual  requirement,  and  above  Baton 
Rouge,  these  heights  are  sometimes  slightly  exceeded. 

The  weight  of  an  earthen  embankment  of  this 
height  would  be  approximately  1,800  lb.  to  2,000  lb. 
per  square  foot  for  such  part  of  the  embankment  as 
is  5  ft.  on  either  side  of  the  center  line.  This  does 
not  exceed  the  theoretical  safe  supporting  limit  of 
the  soil  upon  which  the  embankment  is  built  as  is 
evidenced  by  the  stability  of  brick  chimneys,  brick 
walls,  and  other  structures  in  the  immediate  locality. 
But  Professor  Rankin's  safe  load  of  '.t  to  to  I-3  ton.s 
per  square  foot,  and  Professor  Baker's  recommended 
safe  load  of  I'j  to  2  tons  per  square  foot  for  ordinary 
clay  foundations  do  not  pre-suppose  the  presence  of 
pits  10  ft.  or  more  in  depth  within  200  ft.  of  the  point 
of  application  of  the  load. 

So  that  again,  the  conclusion  forces  itself  that  deep 
pits  are  responsible  for  many  of  the  occurrences  of 
this  nature  on  the  upper  coast,  as  well  as  on  the  lower 
coast.  That  this  deduction  is  correct  is  proven  con- 
versely by  the  fact  that  the  most  obstinate  cases  of 
subsiding  levees  or  sinking  levees  have  been  cor- 
rected by  "loading  the  berme,"  or  "loading  the  pit" 
:>fter  which  the  levee  is  easily  brought  to  grade. 
This,  however,  is  a  very  costly  operation.  But  speci- 
fying shallow  pits  is  also  a  sure  way  of  increasing 
the  cost  of  levee  work. 

Since  it  is  certain  that  we  shall  continue  to  have 
.subsiding  or  sinking  levees  in  the  future,  it  follows 
that  the  determination  of  the  economical  men 
between  the  costly  curative  method  of  dealing 
with  subsidences  after  they  occur,  and  the  costly  pre- 
'•entive  method  suggested  above,  is  a  subject  invit- 
ing the  careful  consideration  and  thought  of  all 
levee  building  authorities. 
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Economic  Air   Lift  for  Hand- 
ling Sand  or  Screenings 

An  interesting  description  of  an  economic  air  lift 
employed  by  a  copper  company  for  handling  tailings 
from  its  mill  appeared  in  a  recent  issue  of  the  Engi- 
neering and  Mining  Journal.  In  as  much  as  this  de- 
vice could  be  similarly  used  for  elevating  sand, 
gravel,  etc.,  the  article  is  reprinted   below: 

Tailings  from  the  mill  of  one  of  the  largest  copper 
companies  in  the  Southwest  are  brought  to  a  consist- 
ency of  4  or  5  parts  of  liquid  to  one  of  solid  and  al- 
lowed to  flow  by  gravity  through  launders  for  about 
a  mile  where  they  then  have  to  be  lifted  from  15  to 
30  ft.  and  carried  over  a  dam  into  a  .settling  pond  or 
dump.  About  7,000  gal.  per  minute  of  this  mixture  is 
handled,  and  three  10-in.  centrifugal  sand  pumps,  di- 
rect-connected  to    150-HP.   motors,    were    previously 
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'  Dischargf  Pipe 


Air   Lift   Used   by   Copper  Company  for   Handling   Tailings. 

used.  This  method  was  found  to  be  very  expensive, 
as  the  tailings  were  sharp  and  cut  out  the  casings 
and  impellers  of  the  pumps  very  rapidly,  the  average 
life  of  a  pump  not  exceeding  four  days  of  continuous 
operation.  Large  motors  were  necessary,  as  the  effi- 
ciency of  the  pumps  dropped  readily  to  a  low  point 
as  wear  occurred. 

To  obviate  these  difficulties,  an  air-lift  system  was 
installed  and  has  proved  a  solution  of  the  problem. 
At  various  points  in  the  lower  launder,  openings  were 
made  discharging  each  into  a  20-in.  wood-stave  pipe, 
which  was  set  in  a  pit  a  sufficient  depth  to  give  proper 
submergence  and  closed  at  the  lower  end.  Inside  of 
this  a  10-in.  discharge  pipe,  fitted  with  a  footpiece, 
is  placed,  through  which  air  is  introduced  at  the  bot- 
tom and  which  discharges  directly  into  the  upper 
launder.    This  pipe  has  no  bends  and  no  obstructions 


inside,  so  very  little  wear  can  occur  and  renewal  will 
be  practically  unnecessary.  Three  of  these  installa- 
tions are  able  to  handle  the  maximum  tonnage.  A 
separate  compressor,  driven  by  a  40-HP.  motor,  is 
used  for  each  air  lift,  although  all  three  could  easily 
be  handled  from  a  central  plant  if  local  conditions 
made  it  desirable.  Compressors  and  motors  are 
housed  and  require  little  attention.  Operating  costs 
and  repairs  have  been  cut  to  a  small  fraction  of  what 
they  were  with  sand  pumps,  and  the  inconvenience  of 
frequent  shut-downs  is  eliminated. 


A  Comparison  of  Pile  Bearing 
Formulas* 

By  C.  E.  NICHOLS. 

The  purpose  of  this  article  is  to  point  out  briefly 
what  progress  past  study  and  discussion  has  made  to- 
ward establishing  standards  for  judging  the  support- 
ing power  of  piles  driven  by  modern  methods  and  ap- 
pliances; to  indicate  the  limitations  of  the  formulas 
in  common  use  for  this  purpose;  and  to  suggest  cer- 
tain lines  along  which  our  experience  and  knowledge 
of  the  subject  can  be  increased.  Consideration  is 
given  to  formulas  used  in  driving  both  wood  and  con- 
crete piles,  and  to  the  three  most  common  methods 
of  driving,  namely,  by  means  of  the  "drop  hammer," 
the  "single-acting  steam  hammer,"  and  the  "double- 
acting  steam  hammer." 

The  Wellington  or  Engineering  News  formula  (pub- 
2wh 

'ished  in  1888)  is:     L  = in  which 

s  +  C 
L  =  safe    bearing    capacitv  in  lb.     (Factor  of  safety 

=6.) 
w  =  weight  of  falling  hammer  in  lb. 
h  =  height  of  fall  in  ft. 

s  ^  penetration  per  blow  in  inches  for  last  few  blows. 

C  =  Constant   depending  primarily  upon  the  type  of 

hammer  used  and  the  frequency  of  the  blows. 

This  formula  (with  the  factor  of  safety  eliminated) 
is  merely  an  equation  of  the  average  resistance  to  the 
movement  of  the  pile  through  the  distance  of  its  pene- 
tration and  the  driving  energy  of  the  hammer  falling 
Through  a  certain  distance;  modified  by  making  al- 
lowance (by  the  factor  C)  for  the  loss  of  energy  ex- 
pended in  overcoming  the  inertia  of  the  pile,  in  caus- 
ing vibration,  brooming  and  heating — of  which  items 
that  of  overcoming  inertia  is  by  far  the  largest.  It 
is  evident,  then,  that  the  selection  of  a  value  for  "C" 
in  the  formula  is  a  matter  for  the  judgment  of  the 
pngineer  and  it  is  interesting  to  note  that  in  present 
practice  when  driving  wood  piles  with  drop  hammers 
weighing  from  2,000  lb.  to  3,000  lb.  and  falling  10  to 
15  ft.  each  blow,  the  value  of  C  =  1  which  is  almost 
universally  used  is  the  same  as  originally  recom- 
mended by  Wellington.  For  most  pile  driving  work 
by  this  method  no  change  in  the  value  of  C  in  this 
formula  is  warranted,  but  in  extreme  conditions,  as 
for  example  the  driving  of  very  short,  light  piles  with 
a  heavy  hammer,  the  engineer  might  well  change  the 
constant  accordingly. 

In  the  early  '90's  single-acting  steam  hammers  came 
into  use  for  pile  driving  and  it  was  evident  that  the 
much  greater  frequency  of  the  blows  struck  by  these 
hammers  reduced  materially  the  amount  of  energy 
necessary  to  overcome  inertia,  and  also  the  greater 
rigidity  of  the  pile  in  the  heavy  driver  leads  minimized 
the  loss  in  vibration.    Consequently  an  entirely  diflfer- 
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ent  value  for  C  in  Wellintrton's  formula  should  be 
used  for  this  type  of  hammer.  Again  the  original  rec- 
ommendation  is   still   the   present   practice    and    the 

2wh 

formula   used   in  this  case   is   L  = .    Hammers 

8  +  0.1 
of  the  type  for  which  this  formula  is  used  have  strik- 
ing rams  weighing  from  3,000  lb.  to  5,000  lb.  falling 
2' J  to  3'..  ft.,  and  strike  10  to  80  blows  per  minute. 
It  is  interesting  to  note  that  the  ratio  of  the  values 
used  for  C  in  the  formulas  for  drop  hammers  and  sin- 
gle-acting steam  hammers  is  appro.ximateiy  inversely 
in  proportion  to  the  ratio  of  the  products  of  the 
weights  of  hammers  and  the  number  of  blows  struck 
per  minute  for  the  respective  types  of  machines. 

The  single-acting  steam  hammer  is  also  commonly 
used  for  driving  both  "precast"  and  "built-in  place" 
concrete  piles,  as  well  as  for  wood  piles,  and  some 
slight  controversy  has  arisen  occasionally  as  to  the 
proper  formula  to  use  as  compared  with  that  for  wood 
piles.  Some  of  the  commercial  manufacturers  of  con- 
crete piles  have  claimed  that  a  greater  proportion  of 
the  energy  of  the  hammer  is  effective  in  causing  pene- 
tration on  account  of  the  greater  rigidity  and  hence 
less  vibration  than  with  wood  piles,  and  consequently 
that  a  relatively  higher  value  should  be  allowed  for 
loading.  As  a  matter  of  fact  the  greater  amount  of 
energ>'  e.\pended  in  overcoming  inertia  probably  more 
than  balances  the  gain  due  to  greater  rigidity  and 
the  value  of  C  in  the  Wellington  formula  should  con- 
sequently be  increased  rather  than  decreased  for  con- 
crete piles.  Precast  concrete  piles  will  weigh  from  5 
to  8  times  as  much  as  wood  piles  of  the  same  length 
due  to  the  higher  unit  weight  of  the  material  and  to 
the  larger  sectional  area  commonly  used;  while  in  the 
ca.«e  of  the  built-in-place  piles,  such  as  the  Raymond, 
Simplex,  or  JIac  Arthur  piles,  the  weight  of  the  shells 
and  driving  cores  or  mandrels  is  sometimes  more  than 
ten  times  the  weight  of  the  same  length  of  wood  piles. 

An  additional  argument  for  using  a  more  conserva- 
tive formula  for  concrete  piles  is  that  they  are  com- 
monly loaded  from  two  and  a  half  to  four  times  as 
much  per  mile  as  are  the  wood  piles,  resulting  in  a 
correspondingly  smaller  total  number  of  piles  re- 
quired in  a  footing  or  group;  so  that  in  the  event  of 
the  failure  of  one  pile,  due  to  injury  during  or  after 
driving,  the  per(?entage  of  reduction  in  strength  of 
the  footing,  or  the  overload  on  the  remaining  piles  in 
the  group,  would  be  much  greater  than  if  one  wood 
pile  failed  in  a  group  of  the  same  total  bearing  ca- 
pacity. This  argument  is  especially  pertinent  in  the 
case  of  foundations  for  a  building  requiring  but  a  few 
piles  under  each  column. 

One  modification  of  the  Wellington  formula  that 
has  been  suggested  to  take  into  account  the  greater 
inertia  of  concrete  piles  in  the  form  (referred  to  later 
as  Formulas  X) : 
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I.= 


(l) 


for  drop  hammers,  or 
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L  = 


(■-T) 


for  single-acting  steam  hammers,  where  w  equals  the 
weight  of  the  hammer  and  W  e(|uals  the  weight  of  the 
pile.  These  formulas  however  differ  radically  from 
the  Wellington  formula  in  principle,  in  that  there  is 


no  constant  involved  which  is  independent  of  the 
amount  of  the  penetration.  These  formulas  would  at 
times  give  higher  rather  than  lower  safe-bearing  ca- 
pacities than  the  Wellington  formula.  Probably  a  bet- 
ter form  would  be  to  modify  onlv  the  constant  "C"  by 

W 
the  ratio  of  —  giving  formulas  as  follows   (referred 


to  later  as  Formulas  Y) : 
2wh 

L  = for  drop  hammers,  and  L 

W 
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O.IW 


8  + 


for  single-acting  steam   hammers. 

Formulas  X  give  somewhat  lower  values  than  the 
Wellington  formula  for  capacities  below  30  tons  per 
pile,  while  above  this  limit  they  give  materially  higher 
values.  On  the  other  hand,  formulas  Y  will  invariably 
give  values  lower  than  the  Wellington  formula  if  the 
weight  of  the  pile  exceeds  the  weight  of  the  hammer. 
The  large  reduction  by  this  formula  may  seem  radi- 
cally consenative,  but  it  should  be  remembered  that 
the  drop  hammer  is  seldom  used  for  concrete  piles  at 
the  present  day,  and  when  it  is  used  extreme  precau- 
tions are  taken  to  protect  the  head  of  the  pile  from 
the  severe  shock  of  the  blow  by  means  of  cushions 
which  must  absorb  considerable  energy-  and  increase 
the  loss  due  to  overcoming  the  inertia.  Formulas  X 
are  conservative  and  serve  their  purpose  up  to  a  load 
of  25  tons  per  pile  if  the  weight  of  the  pile  is  more 
than  twice  the  weight  of  the  hammer,  but  outside 
either  of  these  limits  formulas  Y  are  preferable. 

Double-acting  steam  hammers  (of  the  McKiernan- 
Terr>-  type)  have  been  used  e.xtensively  for  driving 
sheet  piling,  but  have  seldom  invaded  the  field  of  bear- 
ing piles.  Their  use  for  this  purpose,  however,  has 
been  sufficiently  frequent  to  vex  and  worry  the  engi- 
neers who  insist  upon  satisfying  themselves  so  far 
as  possible  upon  the  safe  bearing  capacity  of  piles 
upon  which  they  purpose  to  erect  some  structure  of 
more  or  less  importance;  and  consequently  some 
reasonably  accurate  formula  should  be  established 
for  this  type  of  hammer  or  else  it  should  be  avoided 
entirely  as  a  means  of  driving  bearing  piles.  Only 
very  meager  data  are  as  yet  available  from  which  to 
develop  a  consistent  formula. 

The  form  of  this  formula  might  well  be  that  of  the 
Wellington  formula  modified  to  suit  the  changed  con- 
ditions, but  the  few  authorities  who  have  attacked 
the  problem  have  apparently  been  for  the  most  part 
disinclined  to  open  public  discussion  of  the  subject. 
There  seems  to  be  no  reason,  however,  whv  the  gen- 
2wh 

eral  formula  L  = should  not  appiv  to  these  ham- 

s  +  C 
mers^w  in  this  case  including  the  weight  of  the  mov- 
ing ram  and  also  the  average  total   pressure  of  the 
steam  on  the  driving  piston.    The  formula  then  would 
2h(w  -i- Ap) 

be  L  = with  nothing  open  to  question  but 

s  +  C 
the  proper  values  of  p  and  C.  In  this  formula  A  = 
the  area  of  driving  piston,  p  =  the  average  steam  unit 
pressure  on  the  piston  throughout  its  stroke,  and  the 
other  symbols  the  same  as  in  the  Wellington  formula. 
What  little  data  are  available  show  that  p  is  alxiut 
.ine-half  the  gage  pressure  at  the  hammer  and  should 
'•ertainly  not  be  taken  as  over  one-half  the  pressure 
recorded  by  a  gage  as  near  the  hammer  as  it  can 
feasiblv   be   located. 
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Regarding  the  value  of  C,  two  prime  factors  are  in 
evidence:  the  frequency  with  which  the  blows  are 
struck  is  from  two  and  a  half  to  three  times  that  of 
the  single-acting  steam  hammer;  the  weight  of  the 
moving  ram  (generally  less  than  1,000  lb.)  is  only 
one-fourth  to  one-si.xth  that  of  the  single-acting  type. 
On  that  basis,  and  from  the  premise  that  the  value  of 
C  is  largely  a  question  of  the  energy  exerted  in  over- 
coming inertia,  it  would  appear  that  C  in  this  case 
should  be  two  to  three  times  its  value  for  the  single- 
acting  hammer,  and  that  a  conservative  figure  would 
be  C  =  0.3. 

2h(w  + Ap) 

The  formula  L  = has  been  checked  by 

s-t-0.3 
the  author  in  the  case  of  a  few  piles  driven  with  a 
No.  7  McKiernan-Terry  hammer  and  which  compared 
favorably  with  similar  piles  driven  at  the  same  loca- 
tion with  a  3,000-lb.  single-acting  Vulcan  hammer. 
This  check  is  not  in  itself  sufficient  to  establish  the 
absolute  accuracy  of  the  formula,  but  does  indicate 
that  it  is  safe  and  is  reasonably  accurate  for  condi- 
tions similar  to  those  for  which  it  was  tested. 

It  is  clear  that  no  simple  formula  can  be  accurate 
for  all  conditions  of  pile  driving  involving  piles  of 
different  sizes,  lengths  and  materials,  soils  of  vary- 
ing descriptions,  and  pile  drivers  of  endless  sorts 
v/ith  light  or  heavy  hammers  and  with  long  or  short 
drops.  A  formula  can  at  best  be  but  a  guide  to  the 
engineer  who  must  develop  ability  to  analyze  and 
weigh  his  data  carefully  in  the  light  of  what  his 
formula  indicates,  and  give  his  judgment  as  deter- 
mined by  all  the  conditions  involved.  The  engineer 
who  relies  solely  upon  a  pile  formula  taken  from  a 
handbook  or  from  a  technical  magazine  article  is 
hardly  fit  to  be  a  recorder  of  pile  driving  data — much 
less  to  be  an  engineer  in  responsible  charge  of  foun- 
dation work. 

Much  more  can  be  done  in  the  way  of  establish- 
ing the  reliability  of  and  the  proper  use  of  pile 
formulas  than  has  been  done  in  the  past.  The  care- 
ful recording  of  tests,  the  comparison  of  tests  with 
formula  values,  and  the  publishing  of  or  making 
available-  this  data  to  other  engineers  will  in  time 
more  nearly  standardize  pile-driving  practice  for  a 
great  many  localities  and  general  soil  conditions 
where  considerable  pile  driving  is  constantly  going 
on.  Also  a  little  additional  expenditure  of  time  and 
money  will  frequently  enable  engineers  to  check  the 
consistency  of  one  formula  or  constant  with  another 
by  the  comparison  and  test  of  a  few  piles  of  diff'er- 
ent  types  or  driven  by  hammers  of  different  types  at 
the  same  location  and  under  like  general  conditions. 
A  greater  co-operation  along  this  line  between  own- 
ers, engineers  and  contractors  would  be  of  inestima- 
ble value  to  all  concerned  and  particularly  to  other 
owners,  engineers  and  contractors  who  may  follow. 


Strength  of  100-Year-Old  Submerged  Spruce  Tim- 
bers.— Tests  of  spruce  timbers  that  had  been  under 
water  for  neai-ly  100  years,  made  for  the  U.  S.  Corps 
of  Engineers,  showed  a  tensile  strength  of  from  7,000 
to  12,000  lb.  per  square  inch.  The  tensile  strength 
of  new  spruce,  according  to  Trautwine  is  10  000  lb. 
per  square  inch.  The  timbers  were  removed  from  a 
stone  filled  crib  dam  built  in  1823  at  Troy,  N.  Y.,  for 
the  old  Erie  Canal. 


Chamber  Blasting,  Cable  Drilling 
and  Block-holing  Methods 

Two  methods  of  preparing  the  ground  to  receive 
the  blasting  charges  are  employed  in  the  work  of  ex- 
cavating the  ore  in  the  Copper  Mountain  deposit  at 
Ajo,  Ariz.,  belonging  to  the  New  Cornelia  Copper  Co. 
One  method  is  to  tunnel  into  the  working  face  on  a 
level  with  the  floor  of  the  shovel  pit;  the  other 
method  is  to  drill  vertical  holes  about  6  in.  in  diam- 
eter with  No.  14  Cyclone  gasoline  cable  drills.  An 
interesting  description  of  these  methods  is  given  by 
Mr.  S.  U.  Champe  in  a  recent  issue  of  the  Mining  and 
Scientific  Press,  from  which  the  matter  in  this  ar- 
ticle is  abstracted. 

Before  the  blasting  is  done,  the  ground  is  closely 
examined  and  a  careful  stadia  survey  is  made  to  de- 
termine the  toe  and  crest  of  the  working-face  and  the 
proper  situation  for  the  powder-chambers.  An  effort 
is  made  to  ascertain  the  positions  of  the  faults  and 
also  of  the  solid  and  loose  material.     The  effect  of 
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Boulder  before  shot. 


Largest  piece  after  shot. 
Method    of    Block- Holing. 


these  features  on  the  result  of  the  blast  is  anticipated. 
From  the  data  thus  secured  a  plan  is  drawn,  and  from 
this  map  a  suflJicient  number  of  cross-sections  is 
plotted  to  calculate  the  tonnage  that  will  probably 
be  broken  by  each  charge  of  powder. 

For  a  working  basis,  each  pound  of  Trojan  40  per 
cent  powder  is  taken  as  having  sufficient  strength  to 
break  four  tons  of  ore.  This,  no  doubt,  is  an  under- 
estimate of  the  strength  of  the  powder,  but  it  has 
proved  advantageous  to  slightly  overload  the  holes. 
This  practice,  to  a  degree,  prevents  the  broken  ore 
from  hanging  on  the  faces  and  from  developing 
slides,  which  are  dangerous  to  life  and  equipment, 
and  are  expensive  to  shoot  down.  In  actual  practice 
0.44  tons  of  ore  have  been  broken  for  each  pound  of 
powder  used,  including  that  required  for  "springing" 
or  chambering  the  churn-drill  holes.  This  figure  was 
determined  from  accumulated  records  of  the  blasting 
of  .530,600  tons  of  ore.  The  ore  weighs  about  160  lb. 
per  cubic  foot. 

Chamber  Blasting. — By  the  tunnel-method,  the  tun- 
nels are  driven  into  the  face  to  a  depth  equal  ap- 
proximately to  two-thirds  the  height  of  the  ore  above 
the  powder-charge.  From  the  main  tunnels  two  sets 
of  cross-cuts   are  made,   one   set  at  the  rear  of  the 
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tunnel  and  the  other  about  30  ft.  back  from  the  por- 
tal. The  cros.s-cut.s  are  driven  to  such  u  dl.stance  a.s 
will  make  the  charges  in  the  rear  an  ecjual  distance 
apart  for  all  tunnels.  Two  powder-chambers,  one  at 
each  end  of  the  cross-cut,  are  excavated  in  the  back. 
In  the  front  cross-cut  four  chambers  are  used.  The 
powder-charjres  are  placed  about  G  ft.  below  the  Hoor 
of  the  pit.  About  20  per  cent  of  the  total  amount  of 
the  powder  in  each  tunnel  is  placed  in  the  front 
charges.  These  figures  apply  to  ideal  conditions  onl.v. 
Allowances  are  made  for  faults,  hard  and  loose  ma- 
terial, height  of  bank,  and  other  things,  so  that  the 
amounts  of  powder  may  be  proportioned  accordingly. 
The  advantages  of  the  tunnel-system  are:  No  spring- 
ing is  necessary  before  placing  the  powder-charges; 
the  danger  of  premature  explosions  from  hot  walls, 
caused  by  chambering  with  powder  is  eliminated;  the 
work  can  be  done  with  less  skilled  labor;  it  i.s  not 
necessary  to  build  roads  over  difficult  surfaces  for 
the  movement  of  heavy  drilling  machines.  On  the 
other  hand,  tunneling  into  a  low  bank  is  as  expensive 
as  tunneling  into  a  high  one.  When  this  method  is 
used  in  banks  less  than  50  ft.  high,  the  cost  per  ton 
of  ore  broken  has  been  found  to  exceed  the  average. 

Cable  Drill  Blasting.— Churn-drill  holes  (6  in.  di- 
ameter) are  placed  about  50  ft.  apart  and  are  drilled 
to  a  depth  of  6  ft.  below  the  floor  of  the  pit.  After 
using  different  methods,  the  mine  superintendent, 
Fred  Eckman.  is  now  using  the  following  procedure 
when  chambering  churn-drill   holes: 

1.  Use  28  sticks  of  powder,  without  tamping,  to 
blow  the  hole  dry;  that  is,  to  drive  out  the  water. 

2.  Load  the  hole  with  25  lb.  of  powder  and  15  ft. 
of  tamping.  This  charge  is  to  enlarge  the  bottom  of 
the  hole  to  receive  the  final  shot  for  chambering. 

3.  Load  the  hole  with  one-tenth  the  amount  of 
powder  that  is  to  be  used  in  the  blast.  If  the  hole  is 
to  be  loaded  with  80  boxes  of  powder  then  use  8  boxes 
for  the  chambering  shot;  if  100  boxes  are  to  be  used, 
then  10  boxes  will  be  required  for  chambering. 
About  40  ft.  of  tamping  is  used  over  the  final  cham- 
bering-shot.  After  each  shot,  time  milst  be  allowed 
for  the  walls  of  the  hole  to  cool.  Repeated  tests  of 
temperature  are  made  by  lowering  a  self-recording 
thermometer  into  the  hole. 

There  are  advantages  in  using  the  cable  churn- 
drills.  The  work  can  proceed  without  interference 
to  steam-shovel  operations,  and  where  the  working- 
space  is  limited  greater  quantities  of  ore  can  be  pre- 
pared for  blasting  than  with  the  tunnel-method.  It 
is  not  necessary  to  wait  until  the  ore  already  shot 
'iown  is  removed  before  the  work  of  drilling  for  the 
next  blast  can  proceed.  Churn-drills  have  proved  ex- 
ceedingly satisfactory  where  the  working  faces  are 
not  over  50  ft.  high. 

On  account  of  the  extreme  hardness  of  the  ore  in 
the  Ajo  district,  it  has  been  found  that  after  a  depth 
of  40  or  50  ft.  has  been  passed  the  co.st  per  foot  of 
hole  drilled  rapidly  increa.ses. 

In  the  process  of  excavating  the  ore  in  Copper 
mountain,  it  was  estimated  that  200,000  tons  of  ore 
was  broken  by  a  single  blast.  This  was  on  Feb.  28, 
at  what  is  called  ".No.  :'.  hill."  Seven  holes  were 
drilled  with  a  churn-drill,  each  hole  being  6  in.  in 
diameter  and  90  ft.  deep,  spaced  50  ft.  apart.  A  total 
<.{  .32  ton.s  of  40  per  cent  Trojan  powder  was  used 
in  the  blast.  That  includes  the  powder  used  for 
springing  as  revealed  when  the  smoke  had  cleared 
aw.iy  four  minutes  later. 


Block-holinc- — All  block-holing  at  Ajo  is  now  done 
with  the  same  grade  of  Trojan  powder.  The  prac- 
tice is  illustrated  in  the  accompanying  cut.  In 
this  particular  case  a  block  measuring  approx- 
imately 6  ft.  in  all  three  dimensions  was 
drilled  in  the  center  of  one  side  to  a  depth  of  2 
ft.  6  in.  Block-holes  are  loaded  with  2  ounces  of  the 
granulated  40  per  cent  Trojan  powder.  A  fu.se  split 
at  the  end,  and  without  a  detonating  cap,  is  next  in- 
serted, after  which  another  2  ounces  of  the  powder 
is  poured  in  and  lightly  pressed  down  with  a  wooden 
tamping  stick.  The  remainder  of  the  hole  is  then 
tamped  full  of  screened  sand,  and  the  charge  is  ready 
for  shooting.  In  all  cases  the  results  are  practically 
the  same:  the  boulder  immediately  around  the  hole 
is  completely  shattered,  while  the  lower  half  is  split 
into  pieces,  the  largest  of  which,  in  the  case  cited, 
is  shown  on  the  diagram. 

Mexican  labor  is  used  for  this  work.  One  man  with 
an  Ingersoll-Rand  BCR-430  jack-hammer  can  drill  100 
holes,  averaging  18  in.  deep,  in  eight  hours,  making 
all  his  own  air  connections.  These,  as  well  as  the 
powder  men  for  this  work,  are  picked  men,  working 
most  of  the  time  without  the  direct  supervision  of  a 
foreman.     The  labor  is  verj-  satisfactor>'. 

The  drawing  shows  a  common  size  of  boulder  in 
which  4  oz.  of  powder  is  used.  If,  by  inspection,  a 
boulder  is  approximately  half  as  large,  then  only  2 
oz.  would  be  used;  if  twice  as  large  8  oz.  would  be  re- 
quired, and  so  on.  At  present  the  powder  is  stored 
in  two  stone  buildings,  one  of  200-ton  capacity,  the 
other  of  100-ton  capacity,  both  about  '2  rnile  from 
the  present  steam  shovel  pits.  To  date  this  has 
proved  ample  storage  capacity  for  the  amount  of  re- 
serve powder  required. 


Pneumatic  Tie  Tampers  Fitted  with  Pick 
Points  Used  for  \\  idening  Rock  Cut 

Pneumatic  tie  tampers  fitted  with  bars  with  pick 
points  instead  of  tamping  bars  were  employed  by 
'.he  Pennsylvania  R.  R.  in  widening  a  rock  cut  on  its 
line  between  East  Liberty,  Pa.,  and  Pittsburgh.  The 
rock  removed  is  known  as  Pittsburgh  shale  and,  while 
soft  and  having  decided  cleavages,  is  hard  enough  to 
make  its  removal  by  hand  picks  difficult.  The  local 
restrictions  prevented  the  use  of  explosives.  The 
work  was  of  considerable  magnitude,  being  400  ft, 
long  with  a  thickness  ranging  from  10  to  25  ft. 

Rope  slings  to  support  the  men  and  tools  were  at- 
tached to  the  fence  at  the  top  of  the  cut  and,  together 
with  an  air  hose,  were  strung  along  the  face  of  the 
cut.  The  work  commenced  at  the  top  of  the  wall  and 
progressed  downward  in  shelves,  each  cut  being  made 
to  the  full  depth  back  to  the  permanent  face.  The 
operator  picked  downward  through  the  rock  for  a 
distance  of  about  8  in.  and  then  drove  the  pick  into 
the  horizontal  seam,  breaking  the  rock  off  in  layers 
about  6  in.  thick. 

The  r<Hk  broke  off  in  comparatively  small  pieces, 
which  became  further  broken  up  in  the  downward 
course  into  gondola  cars  which  were  placed  along- 
side the  work.  Plank  aprons  were  provided  to  en- 
jiblo  the  spoil  to  be  loaded  into  the.cnrs  with  the  least 
effort.  The  method  of  placing  the  slings  and  the 
loailing  of  the  material  are  shown  in  the  photograph. 
1  he  iiir  supply  for  the  tools  was  obtained  from  the 
.'upply  line  used  in  connection  with  the  signal  system. 
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Small  Derricks  of  Special  Pattern 
Used  on  Lock  Wall  Con- 
struction  at  Troy 

In  the  construction  of  the  Government  lock  and 
dam  on  the  Hudson  River  at  Troy,  N.  Y.,  work  on  the 
lock  was  expeaiated  by  the  use  of  two  small  derricks 
of  special  pattern,  one  for  each  of  the  two  walls.  The 
derricks  had  to  be  made  very  narrow  so  as  to  pass 
each  other  and  at  the  same  time  they  had  to  have  a 
long  reach  so  as  to  cover  the  wide  foundations  and 
the  considerable  height  of  the  walls.  The  necessary 
reach  was  obtained  by  using  an  overhanging  arm 
built  up  of  channel  irons. 

The  width  of  the  derrick  frame  was  10  ft.,  and  its 
length  24  ft.  The  mast  spar  is  24  ft.  high,  the  boom 
was  40  ft.,  and  the  outward  over-hanging  arm  had  a 
reach  of  16  ft.  Owing  to  the  narrow  base  of  the  der- 
rick, ample  counter  weights  of  sand  and  gravel  had 
to  be  used  and  in   lifting  weights  on  a  low  boom  a 


Special   Type   of    De 


portable  guy  was  strung  from  the  top  of  the  mast. 
These  derricks  proved  very  successful,  and  to  their 
handiness  and  quickness  in  operation  much  of  the 
satisfactory  progress  was  due.  As  they  had  been 
designed  with  a  view  of  easy  removal,  they  were  used 
on  several  other  parts  of  the  work  and  when  finally 
done  with  were  transferred  to  another  district  for 
work  on  fortifications. 


Big  Electric  Company  Operates  Own  Barge  Line. — 

A  small  fleet  of  rebuilt  boats  was  recently  placed  in 
service  as  a  barge  line  on  the  New  York  State  Barge 
Canal  by  the  General  Electric  Co.  of  Schenectady,  N. 
Y.  Last  winter  the  company  purchased  three  lake 
schooners.  These  have  been  altered  by  removing  the 
sailing  rigging  and  building  a  house  with  side  doors 
to  cover  the  deck.  Portable  gravity  conveyors  are 
used  in  loading  and  unloading,  and  both  deck  and 
hold  loads  may  be  carried.  It  is  the  purpose  of  the 
company  to  run  these  boats  between  Schenectady  and 
New  York,  with  possibly  an  occasional  trip  to  Rome, 
where  certain  copper  supplies  are  obtained. 
The  down  cargoes  will  consist  of  machinery,  and 
ihe  return  loads 'will  be  copper  and  raw  materials. 
The  boats  will  each  carry  a  cargo  of  300  tons,  and 
will  operate  independently,  each  being  towed  by  a 
tug. 


The  Opportunities  for  Safety 
Engineering  in  Construc- 
tion Work* 

By  DAVID  VAN  SCHAACK, 

President  National  Safety  Council. 

A  civil  engineer  is  perhaps  the  best  qualified  of  all 
engineers  to  be  a  safety  engineer  as  well,  because  in 
his  work  he  has  constantly  in  mind  the  fundamentals 
of  safety  and  strength,  utility  and  economy,  which 
are  also  the  fundamentals  of  safety  engineering.  In 
planning  his  work  an  engineer  gives  close  attention 
to  the  methods  used  in  its  construction,  and  he  must 
often  consider  the  safety  of  the  workmen  as  well  as 
the  operations  to  be  performed,  because  he  knows 
that  he  cannot  get  good  construction  unless  the  men 
can  work  in  comparative  safety.  Every  workman  de- 
votes some  part  of  his  time  and  attention  to  protect- 
ing himself  against  injury.  The  less  time  required 
for  this  purpose,  the  more  there  is  for  productive 
work.  So  a  civil  engineer  is  in  fact  a  safety  engineer 
without,  perhaps,  realizing  it. 

Safety  Engineering  in  the  Industries. — It  is  no  ex- 
aggeration to  say  that  within  the  past  few  years  there 
has  grown  up  a  new  branch  of  the  engineering  pro- 
fession— that  of  safety  engineering — which  has  al- 
ready a  well-defined  field  of  usefulness  in  present  day 
industries.  It  owes  its  origin  to  the  rapid  increase 
of  organized  safety  work  in  manufacturing  plants 
and  other  industrial  operations,  an  increase  which 
is  notably  evidenced  by  the  National  Safety  Council's 
frrowth  within  5  years  from  50  members  to  a  mem- 
bership of  3,500  industrial  concerns,  employing  up- 
v.-ard  of  6,000,000  workmen.  Many  concerns  now  em- 
ploy safety  engineers  to  devote  their  entire  time  to 
r.  thoroughly  organized  safety  campaign,  comprising 
the  two  essentials  of  accident  prevention  work,  safe- 
guarding and  the  education  of  the  workmen. 

The  safety  movement  is  now  well  beyond  the  ex- 
perimental stage.  Its  value  is  an  established  fact, 
and  it  has  gained  such  impetus  that  not  only  can 
there  be  no  retrogression  but  failure  to  continue  a 
rapid  and  steady  advance  seems  impossible.  Some 
concerns  have  started  safety  work  not  fully  convinced 
that  it  would  amount  to  much,  of  a  mind  that  it  was 
perhaps  a  passing  fad,  but  they  have  soon  found  it 
to  be  good  business.  It  not  only  produces  direct  sav- 
ings and  increases  the  efficiency  of  workmen,  but  it 
promotes  the  better  feeling  between  employer  and 
employes  which  is  so  highly  desirable.  It  has  been 
the  history  of  almost  every  case  that  employers  who 
cnce  start  an  organized  safety  movement  increase 
each  year  rather  than  decrease  the  amount  of  time 
and  money  given  to  it.  The  movement  grows,  and 
i^rows  rapidly,  as  they  see  the  results  of  their  first 
efforts. 

Safety  Engineering  in  Construction  Work. — What 
has  been  accomplished  so  widely  in  manufacturing 
plants  can  be  done  in  construction  work — in  fact  has 
been  done.  Perhaps  even  more  can  be  done  in  con- 
struction work,  because  a  greater  need  exists.  Con- 
struction work  as  a  class  is  one  of  the  most  hazard- 
ous. Each  year  it  exacts  a  heavy  toll  of  killed  and 
maimed.  The  underlying  principles  of  safety  work 
apply  to  construction  the  same  as  to  other  branches 
of  industry,  and  there  is  no  doubt  about  the  results 


'Abstract  of  a  paper  presented   before   the  Connecticut  Society 
of  Civil  Engineers. 


(40) 


August  21,  1918. 


EXGINEERIXG     AND     CONTRACTING 


l^W 


of  their  application  being  equally  satisfactory.  Stated 
kB  two  aphorisms,  these  principles  are  as  follows: 


A  condition  of  safety  «houlil  i 
connlruc'tlon  work  In  no  fur  as  tlic 
operation   will   permit. 

i^nd 


oth 


Each   peraon  should   strive   to   keep   from    Injurliii:    hlmnelf   or 
lera. 

As  is  plainly  .seen,  the  first  places  responsibility 
on  the  owners,  the  contractors,  the  enjtineer.s,  the  su- 
perintendents and  foremen,  or  othcr.s  who  share  as 
parts  of  the  "directinp  minds"  of  the  operations.  The 
"Hand  of  God"  causes  very  few  accidents.  They  are 
generally  the  result  of  somebody  "taking  a  chance" 
who  knew  better. 

The  second,  that  "each  person  engaged  in  construc- 
tion work  should  stri%-e  to  keep  from  injuring  him- 
self or  others"  is  something  to  be  instilled  into  the 
.Tiinds  of  the  workers.  It  is  useles.s,  of  course,  to 
provide  good  equipment  if  it  will  not  be  used,  or  give 
instructions  for  safe  methods  if  they  will  not  be  car- 
ried out.  The  desire  for  safety  must  be  in  the  minds 
of  the  foremen  and  workers,  themselves.  At  first 
thought,  it  might  appear  as  an  almost  hopeless  task 
to  instill  into  the  minds  of  some  workmen  a  sense  of 
carefulness  about  themselves  or  others.  But  I  want 
to  say  right  here  that  such  is  not  the  case.  The  old 
copy  book  adage  of  "Self-preservation  is  the  first  law 
of  nature"  is  still  a  moving  impulse,  and  most  work- 
men can  be  brought  to  note  the  advantages  to  them- 
selves of  safe  equipment  and  safe  methods.  The 
greatest  difficulty,  perhaps,  is  with  the  quick,  heed- 
less type  of  worker  who  delights  in  scorning  danger 
in  order  to  "show  off."  This  kind  needs  to  be  dis- 
ciplined as  well  as  educated.  Some  rules  are  neces- 
.sar>-  at  times,  but  I  believe  the  fewer  the  rules  the 
better. 

Safe  Methods  Equipment  and  Education  Basis  of 
Safety  Work. — Safety  woi-k  in  construction  is  there- 
lore,  as  in  other  industrial  fields,  dependent  on  safe 
methods  and  equipment  and  on  education.  The  im- 
portance of  the  first  two  have  been  recognized,  while 
that  of  education  has  only  within  recent  years  come 
to  be  appreciated  as  it  should.  Each  is  dependent 
on  the  others  for  anything  like  complete  fulfillment 
of  its  purpose.  All  are  dependent  upon  that  cordial 
co-operation  between  employer  and  employes  which 
>  obtainable  only  through  organization,  and  this 
<>-operation  cannot  well  be  expected  from  the  work- 
men unless  they  have  reason  to  believe  that  their 
employer  is  willing  to  do  his  full  share  in  the  joint 
effort  which  will  inure  to  their  common  benefit. 
What  and  how  the  employer  does  in  taking  care  of 
his  part  are  the  best  tangible  evidence  of  his  good 
faith. 

Engineers  readily  appreciate  that  accident  pre- 
vention is  an  economic  necessity.  The  strenuous 
■  iisiness  competition  of  today  calls  for  the  highest 
'i-gree  of  efficiency  if  success  is  to  be  attained,  and 
ndustrial  accidents  are  such  an  actual  and  potential 
;iuse  of  impairment  of  efficiency  that  they  cannot 
be  ignored. 

Without  belittling  its  humanitarian  side,  the  day 
has  gone  by  when  safety  work  was  considered  an  hu- 
manitarian fad;  the  experience  of  employers  who  have 
undertaken  it  proves  too  plainly  that  it  is  good  busi- 
'fss.  Gone  by,  too,  is  the  day  when  its  economic 
alue  was  measured  solely  in  terms  of  damages  or 
cf.mpensation  saved,  or  lessened  insurance  cost.  Con- 
siderable as  the  direct  cost  of  accidents  may  be,  they 
ore  much  more  expensive  to  an  employer  through  the 
lost  time  of  injured  men,  through  interruption  of  the 
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work  of  others  caused  by  accidents,  through  the 
waate  of  material  and  the  spoiling  of  product  by  new 
men,  through  their  lessened  production,  through  the 
time  of  foremen  or  others  diverted  for  their  train- 
ing. 

Not  only  does  safety  work  cut  down  the  lo.ss  in  effi- 
ciency due  to  accidents,  but  it  tends  to  increase  out- 
put. The  less  time  a  workman  has  to  devote  to  avoid- 
ing injury,  the  more  he  has  to  give  to  production. 
And  the  spirit  of  co-operation  among  workmen  de- 
veloped by  organized  safety  efforts  is  also  plainly 
reflected  in  a  greater  interest  in  their  work. 

Labor  Turnover  and  Safety  Work. — Every  employer 
knows  how  costly  labor  turnover  is,  how  important 
it  is  to  the  general  efliciency  of  his  plant  to  keep  his 
labor  force  as  intact  as  possible.  Especially  is  this 
appreciated  now,  when  the  turnover  is  so  phenom- 
enally large.  Safety  work  reduces  labor  turnover, 
both  directly  through  lessening  the  number  of  em- 
ployes killed  and  injured  and  indirectly  through  pro- 
moting better  relations  between  employer  and  em- 
ployed. 

The  thinking  employer,  who  takes  carefully  into 
account  every  single  item  of  cost  entering  into  the 
turning  out  of  his  product  and  who  endeavors  in  every 
way  to  conserve  his  capital  in%'e.stment,  must  view 
with  favor  anything  which  tends  to  stabilize  his 
working  force.  With  the  necessarj-  money  available, 
it  is  possible  to  purchase  his  equipment  in  a  short  time, 
but  the  creation  of  an  efficient  working  force  often 
requires  years.  No  matter  how  carefully  the  original 
material  is  selected,  it  has  to  be  readjusted,  sifted 
out,  replenished,  sifted  and  replenished  again  and 
again,  before  the  desired  efficiency  is  reached.  All 
this  takes  both  time  and  real  money,  plenty  of  it.  Once 
created,  an  efficient  working  force  is  not  only  a  most 
valuable  asset,  but  it  represents  a  capital  investment 
which  is  well  worth  all  the  protection  that  can  be 
given  it. 

One  of  the  pioneers  in  safety  work  struck  the  key- 
note when  he  said  that  the  best  safety  device  was  a 
safe  man.  Another  has  put  it  that  the  greatest  fac- 
tor operating  toward  the  prevention  of  accidents  is. 
not  the  prevention  device,  but  the  "prevention  spirit." 
The  safety  slogan  which  has  the  strongest  appeal  to 
me  is  "get  the  safety  habit."  There  is  a  lot  of  mean- 
ing in  that  phrase.  Safety  habit  is  but  another  way 
of  spelling  caution,  which  is  the  one  and  only  pre- 
ventive of  so  large  a  number  of  industrial  acci- 
dents. The  safety  habit  may,  perhaps,  not  be  so  easy 
to  acquire  as  some  other  habits  of  which  we  know, 
but  it  is  certainly  much  more  worth  while. 

I  do  not  think  I  e.xaggerate  in  making  the  state- 
ment that  promoting  the  safety  habit,  getting  the 
men  to  think  safety  and  to  think  it  unconsciously,  is 
the  biggest  thing  that  safety  engineers  have  to  do. 
and  the  most  difficult.  It  is  the  leading  feature  of 
the  general  educational  work  which  is  the  keynote 
of  all  successful  accident  prevention  campaigns. 
\Vorkmen  do  not  intentionally  get  hurt,  but  ignorance 
:'nd  thoughtlessness  are  the  most  prolific  causes  of 
accidents,  and  these  causes  can  be  eliminated  only 
through   a   comprehensive   plan   of   education. 

Foremen  Should  Be  in  Full  Sympathy  with  Safety 
Work. — The  one  thing  to  do  is  to  create  an  atmos- 
phere of  safety,  if  I  may  so  describe  it,  and  the  more 
the  foremen  and  workers  participate  in  creating  it, 
the  better  the  results  will  be.  The  size  of  the  job  in 
no  way  governs  the  degree  of  safety  that  can  or  should 
be  attained.     The  underlying  principles  are  just  as 
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much  needed  and  are  as  effective  on  small  work  as  on 
large  work.  Suggestion,  education  and  persuasion 
will  obviate  much  of  the  need  for  coercive  measures. 

Especially  should  the  foreman  be  in  full  sympathy. 
Not  only  is  his  the  closest  authority,  but  he  is  the 
natural  teacher  of  the  men  and  the  example  whom 
they  emulate.  The  foreman  often  makes  the  best 
rule  book  and  danger  signal.  If  you  can  interest  him, 
help  him  to  see  clearly  the  causes  and  remedies  of 
accidents,  if  you  can  make  him  feel  that  accident  pre- 
vention is  worth  while,  I  venture  to  say  that  three- 
quarters  of  the  work  is  accomplished  He  is  in  the 
best  position  to  note  the  real  hazards  of  the  work 
and  determine  the  true  causes  of  accidents.  He  is 
closest  to  the  men  and  his  influence  to  induce  them 
to  acquire  safety  habits  can  be  enormous. 

There  is  another  feature  of  accident  prevention, 
and  a  very  important  one,  to  which  I  should  like  to 
sail  your  attention.  This  concerns  itself  with  the 
selection  of  men  for  work  and  their  instruction  in  it. 
Too  little  attention,  from  the  safety  standpoint,  is 
often  given  to  these  matters.  To  put  a  heavy,  slow- 
thinking  man  on  a  job  requiring  both  bodily  agility 
and  mental  alertness,  or  vice  versa,  is  simply  inviting 
accident.  So,  too,  is  assigning  a  man  to  work  with- 
out carefully  instructing  him  how  to  perfoi-m  his 
duties  safely  as  v.'ell  as  otherwise  efficiently.  Every 
new  man  on  a  job  should  be  carefully  instructed  in 
general  safety  as  well  as  in  the  safe  way  of  doing  his 
particular   work. 


Sand  and  Gravel  to  Be  Given  Priorities  in 
Accordance  with  Utilization 

A  war  service  committee  I'epresenting  the  sand, 
stone  and  gravel  industry  has  been  appointed  follow- 
ing a  conference  between  men  engaged  in  the  indus- 
try with  the  War  Industries  Board.  For  purposes  of 
war  administration  the  country  has  been  divided  into 
17  regions,  Ohio  and  Michigan  comprising  one.  As 
a  result  of  the  conference,  it  is  stated,  priority  orders 
will  be  issued  according  to  the  following  program: 
Producers  of  fluxing  stone  will  have  a  clear  way,  as 
their  product  is  essential  to  the  manufacture  of  steel; 
ballast  producers  will  also  be  given  transportation 
facilities,  in  order  to  keep  railroad  beds  in  proper 
condition;  limestone  used  for  fertilizer  will  be  given 
as  adequate  facilities  as  possible,  while  materials 
used  in  road  building  will  receive  consideration  when 
materials  for  other  purposes  are  not  demanding  im- 
mediate shipment.  Exception  will  be  made  for  ur- 
gent road  work,  but  for  general  purposes  road  build- 
ing material  will  be  given  consideration  after  stone 
and  gravel  for  other  purposes  mentioned  have  been 
taken  care  of. 


French  Mission  to  Visit  American  Industrial  Plants. 

— A  mission  composed  of  French  ordnance  engineers, 
technical  experts  and  shop  foremen  is  now  in  this 
country  for  the  purpose  of  studying  American  meth- 
ods of  manufacture  of  war  material.  The  mission 
will  visit  the  principal  arsenals  and  private  plants 
engaged  in  the  manufacture  of  war  materials  and 
will  not  only  consider  the  engineering  features  but 
production  and  inspection  as  well,  where  the  particu- 
lar projects  are  fi\r  enough  advanced  to  permit  it.  All 
communications  relative  to  the  activities  of  the  mis- 
sion should  be  addressed  to  Secretary,  Franco-Amer- 
ican Ordnance  Committee,  Army-Navy  Bides.,  Group 
B,  Room  H  215,  Washington,  D.' C. 


Repairing  and  Oiling  Dump  Cars 

By  adopting  a  systematic  method  of  oiling  and  re- 
pairing dump  cars  by  special  men  assigned  to  this 
work  a  m.ining  company  greatly  decreased  the  upkeep 
cost  of  the  cars.  The  plan  is  described  in  a  recent  is- 
sue of  the  Engineering  and  Mining  Journal  to  which 
we  are  indebted  for  the  matter  in  this  article.  The 
mine  moved  500,000  tons  of  ore  and  waste  a  year, 
which  was  trammed  by  between  150  and  200  shovel- 
ers,  hand  trammers,  mule  drivers  and  storage  bat- 
tery handy  men,  requiring  about  250  mine  cars.  Pre- 
vious to  the  adoption  of  the  new  system  repairs  were 
made  by  sending  a  mechanic  and  his  helper  under 
ground  from  the  machine  shop  to  do  the  work.  If 
the  mechanics  were  not  available  the  marker  often 
made  what  repairs  he  could  to  keep  the  car  in  op- 
eration. The  car  oiling  usually  was  done  by  the  la- 
borers. During  the  first  6  months  of  1917  this  man- 
ner of  repairing  and  oiling  cars  was  rather  closely 
observed.  It  was  estimated  that  not  less  than  $3,000 
per  year  was  being  wasted  through  time  lost  by  the 
m.en  in  fixing  their  own  cars  and  in  looking  for  cars 
in  good  condition  when  something  happened  to  the 
ones  they  were  using. 

The  following  costs  were  obtained  during  this 
period,  January  to  June,  1917:  Total  cost  of  oils, 
S152.94;  of  car  repairs,  $1,191.33;  cost  per  "ton  1,000 
ft."  of  oils  $0.00017;  of  car  repairs  $0.0012.  The  num- 
ber of  "ton  1,000  ft."  per  car  was  4,260. 

Repair  Men  Assigned  to  Look  After  Cars. — During 
the  second  half  of  1917,  a  mechanic  and  one  helper 
v/ere  put  on  the  mine  payroll,  solely  for  the  purpose 
of  oiling  and  repairing  cars.  These  men  made  daily 
inspection  of  the  cars  underground,  attending  to 
those  needing  it.  Whenever  a  car  was  noticed  in 
bad  condition,  the  repair  men  were  notified,  and  one 
or  both  would  leave  their  regular  runs  to  attend  to  it. 

On  the  various  levels,  space  was  provided  for  mak- 
ing repairs  of  a  more  serious  nature.  When  a  car 
was  badly  damaged,  it  was  left  at  these  places  and 
promptly  looked  after  by  the  mechanics.  If  any  forge 
work  were  necessary,  the  car  was  taken  to  the  sur- 
face, where  a  separate  shop  was  provided  especially 
for  this  work. 

Enough  spare  cars  were  kept  on  each  level,  in  con- 
veniently situated  though  unused  places,  so  that  if 
one  were  broken  another  was  immediately  available. 
Spare  chains,  car  hooks,  grease  caps,  for  roller  bear- 
ings, bolts,  etc.,  were  kept  on  hand.  All  parts  subject 
to  repeated  damage,  such  as  car  hooks,  were  bolted 
instead  of  riveted  on,  permitting  more  rapid  repair. 
At  times  when  only  minor  repairs  were  necessary, 
the  mechanic  and  his  helper  would  inspect  every  four 
days  and  keep  in  good  condition  all  of  the  250  mine 
cars  in  use.  Each  car  was  inspected  at  least  once 
every  10  days. 

Proper  Lubrication  of  Roller  Bearings. — The  ques- 
tion of  car  oiling  was  rather  carefully  investigated  at 
this  time.  All  mine  cars  are  equipped  with  roller 
bearings,  which  reduce  car  resistance  to  about  half 
of  that  required  for  plain  bearings.  The  use  of  this 
type  of  bearing  has  permitted  an  increase  in  the  size 
of  cars  used  in  mule  haulage  from  30  to  40-cu.  ft. 
capacity,  and  the  length  of  train  from  six  to  seven 
cars.  To  operate  roller  bearings  to  the  best  advan- 
tage, it  is  necessary  to  have  the  bearings  full  of  lu- 
bricant at  all  times,  the  rollers  floating  in  grease.  If 
this  is  not  done,  the  resistance  is  as  great  as  if  not 
greater  than  with  well-oiled  plain  bearings.  Several 
oils  and    greases    ranging  in  price  from  6  to  15  ct. 
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per  pound  were  tried  out  in  the  bearings,  with  thu 
following  results: 

With  oils,  there  was  a  constant  leakage  around  the 
n'heel,  and  the  oil  would  not  remain  in  the  bearings 
long  enough  to  lose  its  lubricating  qualities. 

Greases  of  ordinary  consistency  were  too  thick 
and  would  ball  up  in  the  axles.  There  was  not  enough 
heat  generated  in  the  bearings  to  cause  them  to  be- 
come soft  and  run  into  the  roller  bearings. 

Mi.xtures  of  oil  and  grease  in  various  proportions 
did  not  seem  to  have  the  desired  lubricating  (lualities, 
and  when  made  soft  enough  to  be  forced  into  the 
bearings  with  a  grease  gun,  they  tended  to  run  out, 
as   did  the  oil   alone. 

Samples  of  non-fluid  oils  or  transmission  grease  of 
ihe  consistency  of  soft  vaseline  were  finally  tried 
out,  and  were  entirely  successful.  These  greases  are 
of  moderate  price,  about  12  ct.  per  pound,  and  can 
be  readily  injected  with  a  hand-operated  grease  gun. 
They  will  not  run  out  of  the  bearings,  although  they 
flow  freely  to  all  parts.  It  has  been  found  unneces- 
sary to  oil  mine  cars  with  these  greases  more  than 
once  a  month,  and  in  many  cases  once  in  six  weeks 
is  sufficient,  and  then  only  a  small  quantity  is  re- 
quired (0.62  lb.  per  a.xle). 

Car  Duty  Under  New  System. — The  following  costs 
were  obtained  during  this  period,  July  to  December, 
1917:  Total  cost  of  oils,  $364.07;  of  car  repairs. 
$2,666.22;  cost  per  "ton  1,000  ft."  of  oils  $0.00015;  of 
car  repairs.  $0,001.  The  number  of  "ton  1.000  ft." 
per  car  was  9,952. 

For  a  full  year's  operation  these  figures  represent 
p.  saving  in  expense  of  $100  for  oil,  and  $1,000  on  car 
repairs,  besides  the  estimated  saving  through  having 
all  the  cars  in  use,  and  in  good  running  condition  all 
of  the  time,  of  not  less  than  $:5,000.  This  is  a  yearly 
total  of  $4,100,  or  a  saving  of  $0,008  per  ton  on  all 
ore  and  waste  moved.  These  figures  were  obtained 
while  this  system  of  car  repairing  was  being  installed, 
and  now  that  it  is  in  full  operation  and  working 
smoothly,  it  is  estimated  that  $500  per  year  can  be 
saved  on  oil,  $1,500  on  car  repairs  and  $3,000  in  time, 
making  a  total  of  $5,000  a  year,  or  $0.01  per  ton  of 
ore  and  waste  moved. 


Steps  Taken  to  Form  National  Association 
of  General  (Contractors 

Steps  have  been  taken  for  the  formation  of  a  na- 
tional association  of  general  contractors.  Action  to- 
ward this  end  was  taken  by  a  number  of  contractors 
who  were  in  attendance  at  the  Atlantic  City  conven- 
tion of  the  building  industries.  An  executive  commit- 
tee, composed  of  members  of  some  of  the  largest  con- 
tracting firms  in  the  country,  was  appointed  and  a 
constitution  drawn  up.  This  tentative  constitution 
provides  that  "members  of  the  association  shall  be  re- 
gional, sectional  or  local  organizations  of  general  con- 
tractors, or  individual  firms  engaged  in  general  con- 
tracting where  there  does  not  exist  an  association  eli- 
gible to  membership."  It  is  further  provided  that  all 
:iffairs  and  activities  of  the  as.sociation  shall  be  con- 
ducted by  ;in  executive  board  of  15  members  and  the 
three  elective  oflucrs.  president,  vice-president  and 
treasurer.  The  secretary  would  be  a  paid  official  and 
would  maintain  and  conduct  the  general  oflices  which 
i*  is  proposed  to  locate  at  Washington  during  the  re- 
mainder of  the  war.  U.  A.  Garber  of  the  Northea.st- 
ern  Construction  Co.,  225  Fifth  Ave.,  New  York  City, 
is  chairman  of  the  committee. 


Safeguarding  Construction  Equip- 
ment 

Unguarded  machinery  on  construction  work  in  Cali- 
fornia was  responsible  for  17  fatal  injuries  in  the 
three  years  1914-lG,  according  to  accidents  reported 
to  the  State  Industrial  Accident  Commission.  In  the 
same  period  there  were  195  permanent  and  serious 
injuries  duo  to  this  cause.  Discussing  these  accidents 
in  the  California  Safety  .News,  Mr.  J.  J.  Rosedale, 
Construction  Engineer  of  the  Commission,  states  that 
from  the  average  amount  paid  for  compensation  and 
medical  f^s  per  accident,  it  is  computed  that  the  17 
fatal  accidents  for  the  three  years  cost  $40,000,  and 
the  195  permanent  and  serious  injuries,  $214,500. 

Considerable  difficulty  has  been  found  in  inducing 
contractors  to  safeguard  their  machinery.  There  are 
several   reasons  for  this;   first,  that   most  machinery 


Home  Made  Guard   on   Gaso: 


Driving   Concrete    Mixer. 


used  on  construction  work  is  rented  by  the  contractor 
and  is  delivered  and  connected  by  the  owner  of  the 
equipment;  the  contractor  when  informed  by  an  in- 
spector to  safeguard  such  machinery  usually  refuses, 
for  the  reason  that  he  does  not  own  it.  Second,  both 
'he  owner  of  the  equipment  and  the  contractor  argue 
that  it  does  not  pay  to  safeguard  equipment  because 
the  job  will  last  only  a  short  time.  Third,  the  speed 
and  high  pressure  under  which  most  con.struction 
work  is  performed  causes  the  contractor  to  evade  the 
law.  and  avoid  anything  that  he  thinks  will  retard 
tlte  progress  of  the  work.  Fourth,  the  workmen  them- 
h-elves  often  discard  safeguards  from  circular  saws 
and  other  machines. 

Practically  all  of  the  machinery  used  on  construc- 
tion work  can  be  guarded  with  home-made  guards. 
There  is  nearly  always  enough  surplus  lumber  and 
nails  lying  around  construction  work  to  safeguard 
lly-whoels.  belts,  pulleys,  gears  and  sprocket-chains. 
The  accompanying  illustration  shows  how  one  con- 
tractor is  safeguarding  the  gasoline  engine  running 
his  concreto  mixer. 


Spruce  Tree  Serves  as  Derrick  Mast.— A  small 
.=  pruce  tree  located  at  the  edge  of  the  clearing  of  the 
!hip  vard  of  the  Feeney  &  Bremer  Co..  Tillemook,  Ore.. 
is  used  as  a  mast  for  a  derrick  handling  ship  timbers. 
A  steel  jacket  has  been  placed  on  the  tree  to  protect  it 
at  the  point  where  the  derrick  boom  swings. 
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Creosoted  Wood  Water  Tanks  for 
Railway  Service 

Creosoted  timber  has  been  adopted  recently  by  the 
Illinois  Central  Ry.  for  its  standard  wooden  water 
tanks.  Seven  of  these  tanks  constructed  during  the 
past  winter  proved  so  successful  that  the  railroad  is 
now  building  more  and  has  practically  made  the  creo- 
soted tank  standard,  states  Mr.  C.  R.  Knowles,  Super- 
intendent of  Water  Service,  in  an  article  in  The  Rail- 
way Maintenance  Engineer. 

Although  many  different  timbers  are  commonly  used 
untreated  in  the  construction  of  water  ^tanks,  there 
are  but  few  that  are  available  in  suitable  sizes  and 
lengths  to  be  used  in  the  construction  of  large  tanks, 
and  when  the  life  of  the  timber  is  considered  this  list 
may  possibly  be  reduced  to  two  timbers,  namely,  cy- 
press and  redwood.  The  great  demand  for  these  tim- 
bers has  been  such  their  price  has  advanced  rapidly 
and  suitable  lengths  are  difficult  to  obtain.  Undoubt- 
edly the  timber  situation  will  grow  worse  as  the  war 
continues.  Thus  the  use  of  lower  grade  timber  that 
wlil  take  treatment  readily  appears  to  be  a  timely 
move. 

The  creosoted  tanks  being  built  by  the  Illinois  Cen- 
tral are  of  their  standard  sizes,  100,000  gal.  capacity 
with  a  20  ft.  stave  and  30  ft.  bottom,  and  50,000  gal. 
capacity  having  a  16  ft.  stave  and  24  ft.  bottom,  no 
change  having  been  made  in  the  plans  formerly  used 
for  the  construction  of  untreated  wood  tanks.  The 
timber  used  is  loblolly  pine  coming  under  the  general 
specifications  for  tank  timber  except  that  no  restric- 
tions are  enforced  as  to  heart  or  sap.  The  timber  is 
air  seasoned  and  should  be  permitted  to  season  for 
three  months  in  favorable  weather. 

The  timber  is  treated  by  the  Rueping  process,  using 
about  5  lb.  of  oil  per  cubic  foot  of  timber.  The  oil 
u.sed  is  American  Railway  Engineering  Association 
No.  1  coal  tar  creosote.  The  tank  tower,  constructed 
of  12  in.  by  12  in.  posts  and  6  in.  by  8  in.  braces,  roof, 
frost  box,  ladder  and  all  timber  entering  into  the  com- 
plete structure  is  creosoted. 

A  very  important  feature  in  the  construction  of 
these  tanks  is  that  all  timber  more  than  1  in.  in  thick- 
ness is  framed  before  treatment.  The  work  of  fram- 
ing the  tank  before  treatment  is  given  such  careful 
attention  that  it  has  rarely  been  necessary  even  to 
bore  a  hole  in  the  treated  timber  during  the  field  erec- 
tion of  the  tank.  The  work  of  framing  and  treating 
is  done  by  company  forces  at  the  Grenada,  Mississippi, 
creosoting  plant.  The  tanks  are  erected  by  line  gangs. 
Thus  in  the  manufacture  and  erection  of  these  ^nks 
the  Illinois  Central  is  independent  of  outside  forces 
except  the  mills  who  cut  the  timber  and  ship  it  to 
Grenada  in  the  rough. 

When  one  discusses  creosoted  tanks  for  the  storage 
of  water  the  question  is  immediately  raised  as  to  the 
effect  of  the  creosote  on  the  water.  In  the  tanks  con- 
structed on  the  Illinois  Central  the  effect  from  the 
creosote  in  the  water  was  so  slight  as  to  be  hardly 
noticeable,  and  had  no  detrimental  effect  upon  the 
water  whatever.  The  Bureau  of  Industrial  Research 
of  the  University  of  Washington  conducted  extensive 
tests  of  creosote  wood  str.ve  pipe  to  determine  its 
effect  upon  water  for  domestic  and  irrigation  pur- 
poses. 

The  test  was  conducted  to  determine  the  effect  upon 
water  carried  by  a  56-in.  creosoted  wood  stave  pipe 
line  22V2  miles  long,  from  the  Landsberg  intake  on  the 
Cedar  river  to  the  Volunteer  Park  reservoir  in  the 


City  of  Seattle.  In  conducting  the  experiment  a 
smaller  pipe  was  used,  but  care  was  exercised  to  have 
the  conditions  in  the  experiment  representative  of 
those  existing  in  the  large  pipe  line.  The  conclusions 
of  the  Bureau  were  that  there  was  no  detrimental 
effect  on  the  water  from  the  creosote.  These  conclu- 
sions have  been  borne  out  fully  by  the  results  ob- 
tained on  the  Illinois  Central  with  its  new  tanks. 


Malaria  Prevention  Work  by  St. 
Louis  Southwestern  Ry. 

The  St.  Louis  Southwestern  Ry.  within  the  last 
lew  months  has  created  a  new  department  that  de- 
votes its  entire  time  to  the  elimination  of  malaria 
T'-^ir  among  the  15,000  employes  working  over  ap- 
proximately 2,000  miles  of  trackage  in  five  states. 
The  anti-malaria  campaign  inaugurated  by  this  rail- 
way was  described  by  Mr.  H.  W.  Van  Hooverberg, 
formerly  sanitary  engineer  of  the  company,  in  a  pa- 
per presented  at  a  conference  of  the  National  Ma- 
laria Committee,  from  which  the  matter  following 
is  abstracted. 

The  St.  Louis  Southwestern  Ry.  anti-malaria  dem- 
onstration work  for  1917  included  the  protection  of 
the  employes  themselves  from  mosquitoes  through 
screening,  and  the  eradication  of  malaria  bearing 
mosquitoes  from  cities  and  towns  by  removing  and 
destroying   their   breeding   places. 

A  large  number  of  employes  live  and  sleep  on  cars 
fitted  up  for  the  purpose.  These  work  trains  of  va- 
rious kinds  are  often  located  in  highly  malarious  dis- 
tricts, thus  exposing  the  men  to  infection.  For  the 
months  of  May  to  October,  1916,  13  per  cent  of  all 
the  malaria  patients  in  the  employes  hospital  came 
from  the  bridge  and  building  department,  which  de- 
partment employed  1  per  cent  approximately  of  the 
1otal  employes  of  the  road. 

J.  M.  Herbert,  president  of  the  St.  Louis  South- 
western System,  ordered  all  cabooses,  extra  gang 
cars,  work  trains  and  bridge  and  building  cars 
screened  before  the  mosquito  season  of  1917.  He 
gave  his  personal  attention  to  this  work  to  the  ex- 
tent of  inspecting  the  screening  of  outfit  cars  while 
on  tours  of  inspection  along  the  line.  As  a  result 
of  these  measures  it  was  found  that  the  relative 
number  of  hospital  cases  from  the  bridge  and  build- 
ing department  alone  decreased  nearly  one-half  in 
1917.  The  records  show  that  for  the  months  of  May 
to  October  inclusive  in  1916,  one  employe  from  the 
bridge  and  building  department  went  to  the  hospital 
for  malarial  treatment  for  every  3,960  man-hours  of 
labor  put  in  by  the  department,  while  for  the  same 
period  of  1917,  one  man  went  to  the  hospital  for  every 
7,580  man-hours,  a  relative  decrease  of  47.7  per  cent. 
Screening  the  sleeping  quarters  of  these  employes 
was  undoubtedly  responsible  in  a  large  measure  for 
this  great  reduction.  Orders  are  now  out,  directing 
that  all  screening  be  repaired  and  that  new  screen- 
ing be  done  wherever  needed,  in  preparation  for  the 
1918   mosquito    season. 

Protection  of  the  men  living  on  work  trains  is  se- 
cured easily  and  without  undue  expense.  Screening 
of  windows  and  doors  must  be  well  done,  and  only 
screen  wire  having  16  meshes  or  over  to  the  inch 
«houId  be  used.  Screen  that  will  keep  out  flies  will 
not  be  effective  against  mosquitoes.  Defective  screen- 
ing will  pemiit  mosquitoes  to  enter  the  sleeping  cars 
at  night.  At  daybreak  they  try  to  get  out,  but  in  the 
short   interval   before   full   daylight  they   are   unable 
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to  find  the  particular  hole  in  the  screen  that  they 
searched  half  the  night  for.  Consequently  the  car 
become.s  a  mosquito  trap  and  the  infected  mosquito 
must  hide  and  await  her  time  to  bite  another  victim 
iind  thus  spread  malaria  from  one  person  to  another 
in  the  same  car. 

Holes  in  the  floors,  walls  and  ceilings  of  the  cars 
should  be  completely  closed,  and  the  screen  door 
braced  against  sagging.  Painting  the  ceilings  of  the 
cars  white  and  puttying  up  all  the  cracks  will  per- 
mit swatting  the  mosquitoes  each  morning  at  day- 
break. 

The  fumes  of  certain  chemicals  when  burned  will 
destroy  the  adult  mosquito.  This  should  be  done  at 
night  before  retiring,  since  the  malaria  bearing  mos- 
quito does  her  biting  as  a  rule  only  at  night,  and 
she  may  not  give  notice  of  her  presence  about  the 
car  to  the  sleepers  because  she  does  not  make  the 
'oud  humming  sound  usually  associated  with  the 
more  numerous  and  better  known  varieties  of  mos- 
quitoes. In  handling  construction  trains  the  offi- 
cials in  charge  of  work  crews  should  choose  points 
for  the  location  of  cars  that  are  as  far  removed  from 
mosquito  breeding  areas  as  possible.  Perhaps  a  verj' 
little  work  with  shovels  will  drain  standing  water 
near  outfit  cars  or  a  few  applications  of  oil  will  de- 
stroy the  breeding  areas  of  myriads  of  mosquitoes. 

Certain  railway  employes  are  not  easily  protected 
from  malarial  infection.  For  instance,  conductors, 
engineers,  firemen  and  brakemen  may  work  several 
ways  out  of  a  division  point.  They  may  sleep  in  sev- 
eral different  places  during  the  week  and  they  may 
be  obliged  to  sleep  without  proper  protection  by 
screens.  These  men  can  protect  themselves  by  use 
of  mosquito  bars  carried  with  them  for  this  pur- 
pose, or  they  may  resort  to  the  use  of  quinine.  It  is 
well  known  that  quinine,  when  used  in  suitable 
;.niounts  and  at  required  times,  will  render  most  peo- 
ple immune  from  malarial  infection.  Such  a  method 
of  protection  against  malaria  has  been  practiced  for 
years  in  many  tropical  countries.  The  St.  Louis 
Southwestern  Ry.  proposes,  during  the  oncoming 
malaria  season,  to  supply  quinine  free  of  cost  to  em- 
ployes on  certain  work  who  express  a  desire  to  help 
themselves  to  have  good  health. 


Mechanical  efficiency  is  the  ratio  of  the  air  indi- 
rated  horsepower  to  the  steam  indicated  horsepower 
in  the  case  of  a  power-driven   machine. 

Overall  efficiency  is  the  product  of  the  compres- 
sion efficiency  and  the  mechanical  efficiency. 


Compressed  Air  Terms 

The  following  definition  of  certain  compressed  air 
terms  have  been  adopted  by  the  Compressed  Air  So- 
ciety, with  headquarters  at  30  Church  St.,  New  York 
City : 

The  displacement  of  an  air  compressor  is  the  vol- 
ume displaced  by  the  net  area  of  the  compressor  pis- 
ton. 

The  capacity  should  be  expressed  in  cubic  feet  per 
minute  and  is  the  actual  amount  of  air  compressed 
and  delivered,  expressed  in  free  air  at  intake  tem- 
perature and  at  the  pressure  of  dry  air  at  the  suc- 
tion. 

Volumetric  efficiency  is  the  ratio  of  the  capacity 
to  the  displacement  of  the  compressor,  all  as  defined 
above. 

Compression  efficiency  is  the  ratio  of  the  work  re- 
quired to  compress  isothermally  all  the  air  delivered 
by  an  air  compressor  to  the  work  actually  done 
within  the  compressor  cylinder,  as  shown  by  indica- 
tor cards,  and  may  be  expressed  as  the  product  of  the 
volumetric  efficiency  (the  incompression),  all  divided 
by  the  indicated  mean  effective  pressure  within  the 
air  cylinder  or  cylinders. 


Increased  Attendance  at  Technical 
Schools  Urged 

The  nation's  need  for  technically  trained  men  is 
defined  and  a  specific  higher  education  program  urged 
in  the  report  of  Secretary  Lane's  special  committee  on 
higher  education  and  industry.  The  report,  which 
was  made  public  last  week,  points  out  how  essential 
it  is,  if  the  Government's  far-reaching  military  plans 
are  to  be  carried  out  successfully,  that  the  processes 
of  higher  education  be  maintained  at  the  highest  pos- 
sible efficiency — especially  those  having  to  do  with  the 
future  supply  of  men  and  women  trained  in  scientific 
and  technical  subjects,  including  teachers  in  these 
fields. 

That  it  is  impossible  to  exaggerate  the  importance 
of  engineering  knowledge  and  skill,  in  the  broadest 
sense,  is  the  judgment  of  Secretary  Lane's  committee, 
not  only  directly  in  the  conduct  of  militarj'  operations, 
but  indirectly  in  the  essential  war  industries,  includ- 
ing agriculture.     The  report  says: 

The  engineering  problems  confronting  the  United  States  are 
Infinitely  greater  ttian  t>io8e  of  any  other  of  tha.  great  nations. 
For  an  average  distance  of  more  than  4.D00  milen,  across  the 
continents  and  the  seas,  we  must  transport  all  of  the  men,  muni- 
tions, and  supplies,  which  are  to  represent  us  In  this  great 
strugsle.  Furthermore,  the  central  powers  prepared  themselves 
for  this  conflict  over  a  long  period  of  years,  and  by  this  means 
determined  its  character  to  their  own  advantage  In  large  meas- 
ure. The  loss  by  our  allies  of  men  of  highly  specialized  traiplng 
in  the  early  stages  of  the  war.  and  the  difllcultlcs  in  the  way  of 
recovery,  leave  this  Nation  in  the  position  of  trustee  of  the  only 
remaining  sources  of  supply. 

Pointing  out  how  the  War  Department  has  already  • 

taken  steps,  through  the  establishment  of  the  student 
army  training  corps,  to  utilize  the  higher  educational 
institutions  in  training  young  men  under  21,  Secretary 
Lane's  committee  makes  the  following  recommenda- 
tions: 

The 'people  of  the  United  States  should  recognize  that  the 
maintenance  of  the  war  strength  of  the  Nation  In  Its  full  power 
demands  the  utmost  efforts  of  all  existing  well  organized  and 
adequately  equipped  colleges,  universities,  ajid  technical  schools. 
This  means  ever  increasing  and  more  devoted  bodies  of  students 
as  well  as  faculties. 

Young  people  having  the  requisite  quallflcatlons  should  heed 
this  urgent  call  of  their  countrj-.  and  apply  themselves  diligently, 
enthusiastically,  and  la  increasing  numbers  to  the  task  of  pre- 
paring for  the  highest  service  of  which  they  are  capable.  Wher- 
ever practicable,  young  men  should  at  the  sumo  time  Join  the 
students'  enlisted  reserve  and  prepare  for  milltar>'  service.  In 
order  to  be  ready  for  that  call  also  when  it  comes. 

Institutions  of  higher  education  should  adjust  their  courses, 
so  far  as  possible,  to  immediate  war  needs  and  to  the  demands 
which  must  inevitably  come  with  the  establishment  of  peace,  and 
should  develop  especially  those  Bclontlllc  and  pnictlcul  brunches 
of  study  which  are  essential  to  the  winning  of  the  war.  to  the 
development  of  our  inUustrle.M  and  commerce,  and  to  the  accom- 
plishment i.f  the  tuska  of  the  civic  and  political  life  of  the 
Nation. 

Kductttlonal  institutions  should  use  every  effort  to  make  the 
opportunities  and  privileges  of  training  for  public  service  accessi- 
ble to  all  suitably  prepared  men  and  women  of  college  age.  In 
the  cases  of  many  worthy  young  men  nnd  women  this  will  require 
some  provision  for  as.ilstunce  In  nieelInK  payments  for  tuition 
and  lalxiratory  fees  nnd  other  nece.H»ar>'  expenses  of  hither  teoh- 
nlt-nl    InilnlnK. 

The  committee  consisted  of  Fuller  E.  Callaway,  a 
financier  of  LaGrange,  Ga..  Samuel  M.  Felton.  director 
general  of  military  railways  for  the  War  Department, 
nnd  President  E.  A.  Alderman  of  the  University  of 
Virginia. 
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U.  S.  to  Establish  $30,000,000  Gun  Relining 
Plant  in  France 

Announcement  is  made  by  the  Ordnance  Department 
of  the  approval  of  the  plans  for  the  manufacture  of 
the  machine  tool  equipment  which  the  United  States 
will  install  in  France  for  relining  the  heavy  railway 
mount  guns  of  from  8-in.  to  16-in.,  up  to  50  calibers  in 
length. 

The  project  for  this  relining  plant  is  one  of  the 
largest  undertakings  by  the  Ordnance  Department 
and  will  call  for  the  expenditure  before  completion 
of  from  $25,000,000  to  $30,000,000.  The  plant  will  be 
comparable  in  size  with  the  Krupp  Gun  Works  at  Es- 
sen, Germany. 

The  machine  tools  alone  required  for  this  project 
will  cost  between  $15,000,000  and  $20,000,000  and  em- 
brace some  218  units,  including  gun  boring  lathes,  en- 
gine lathes,  rifling  machines,  and  grinders. 

Included  among  the  facilities  required  for  the  man- 
ufactui-e  of  these  tools  was  a  planer  of  unprecedented 
length— 500  ft.— to  cost  $450,000.  The  largest  planer 
previously  built  was  186  ft.  in  length.  The  outstand- 
ing feature  in  the  construction  of  these  planers  is 
the  use  of  reinforced  concrete  for  the  bed  plates.  This 
results  not  only  in  a  very  material  reduction  in  the 
time  required  to  build  the  all  important  item — but  also 
reduces  the  cost  and  saves  iron  for  other  war  indus- 
tries. 

In  addition  to  the  machine  tool  requirements  there 
will  be  needed  extensive  shrinkage  pits  for  heating 
the  gun  jackets  in  order  to  remove  the  old  liners  and 
insert  the  new  ones;  a  full  equipment  of  240-ton  trav- 
eling cranes;  a  steam-electric  generating  plant  of  ap- 
proximately 5,000-kw.  capacity  with  its  complement 
of  boilers,  pumps  and  other  accessories;  and  the  elec- 
tric motors  for  driving  the  machines.  There  will  also 
be  required  extensive  housing  facilities  for  the  equip- 
ment and  the  personnel  to  operate  it. 

The  Ordnance  Department  has  completed  the  en- 
gineering work  on  this  whole  project  in  less  than  30 
days  from  its  inception.  In  that  time  the  project  has 
been  reviewed  and  approved  by  the  Chief  of  Ord- 
nance, passed  by  the  Clearance  Committee  of  the  \Yar 
Industries  Board,  negotiations  concluded  with  ma- 
chine tool  builders,  and  procurement  orders  issued 
for  the  production  of  the  tools  required.  Under  ordi- 
nary conditions  the  engineering  work  on  a  project  of 
this  magnitude  would  have  required  over  four  months. 


The  Dump  Car  in  Industrial  Operation 

Many  industrial  concerns,  according  to  the  Earth 
Mover,  are  now  employing  dump  cars  for  transporta- 
tion purposes.  The  Carnegie  Steel  Co.  of  Youngs- 
town,  O.,  uses  30-yd.  air  dump  cars  for  hauling  cin- 
ders. The  U.  S.  Steel  Corporation  in  stripping  op- 
erations on  the  Mesaba  Iron  Range  hauls  the  over- 
burden in  20-yd.  cars  of  the  mof^t  modern  design  ob- 
tainable. The  same  is  true  of  the  Copper  Queen  Con- 
solidated Mining  Co.  at  Bisbee  and  Douglas.  Ariz.,  as 
to  both  overburden  and  low  grade  ore.  Still  larger 
cars  are  used  by  the  Anti-Costa  Island  Co.,  which 
transports  light  wooden  blocks  for  the  manufacture 
of  paper  pulp  by  means  of  dump  cars  of  44-yd.  ca- 
pacity. The  Illinois  Central  R.  R.  finds  it  profitable 
to  haul  rubbish  from  its  yards  in  30-yd.  dump  cars. 


A.  S.  Baldwin,  vice-president  of  the  Illinois  Central  R.  R., 
ha.s    Ijeen    elected    vice-president. 

S.  J  Williams.  Jr.,  has  resigned  as  principal  assistant  en- 
gineer of  the  Wheeling  &   Lake   Erie    Ry. 

J.  W.  Fox.  heretofore  valuation  engineer  of  the  Central  of 
Georgia    Ry.,    lias   been    appointed   chief   engineer. 

E.  R.  Lewis,  heretofore  assistant  to  the  general  manager  of 
the  Duluth,  South  Shore  &  Atlantic  Ry.,  has  been  appointed 
Chief    Engineer. 

M.  J.  Kennelly,  formerly  superintendent  of  the  Cotton  Belt 
an.".  Rock  Island,  has  been  comwiissioned  a  major  in  the  U.  S. 
Railwa>'   Engineers. 

A.  J.  Witchell  has  been  appointed  chief  engineer  of  the  Spo- 
kane &  Inland  Empire  R.  R.  at  the  United  Rys.  Co.,  with  head- 
quarters at  Portland.  O're. 

J.  A.  Atwood  has  been  appointed  chief  engineer  of  the  Pitts- 
burgh &  Lake  Erie.  Lake  Erie  &  Eastern,  and  Monongahela 
railroads,    under   federal   management. 

Ralph  Budd,  formerly  chief  engineer  of  the  Great  Northern 
Ry.,  has  been  elected  chairman  of  the  corporate  executive  com- 
mittee   of    the    Chicago,    Burlington    &    Quincy    R.    R. 

H.  D.  Earl,  former  superintendent  of  the  Cotton  Belt  Ry., 
with  headquarters  at  Pine  Bluff,  Ark.,  has  been  appointed  gen- 
eral superintendent  of  seven  railway  lines  in  Texas  by  A.  G. 
Whittington,  general  manager  of  tfie  lines  under  government 
control. 

W.  Nelson  Smith,  consulting  electrical  engineer,  has  been 
appointed  to  the  staff  of  the  Winnipeg  Electric  Railway  Co., 
Winnipeg,  Man.,  succeeding  J.  T.  Donahoe,  who  resigned  re- 
cently. He  will  make  a  study  of  matters  affecting  electrolysis, 
power   requirements   and   electrical   distribution. 

A.  A.  Matliews.  Chief  Engineer  St.  Louis  Southwestern  Ry.. 
has  been  appointed  assistant  chief  engineer  for  all  lines  under 
jurisdiction  of  Federal  Manager  J.  L.  Lancaster.  The  other  ap- 
pointments for  this  Federal  District  include:  E.  S.  Pennbaber. 
assistant  to  chief  engineer;  R.  L.  Holmes,  engineer  of  water 
supply:  W.  D.  Williams,  bridge  engineer. 

Theodore  Brent,  former  member  of  the  shipping  board  and 
at  present  a  trafHc  expert  with  the  fuel  administration,  has 
been  appointed  traffic  manager  of  the  Mississippi  River  Barge 
Line.  It  is  expected  that  a  barge  line  freight  service  between 
St.  Louis  and  New  Orleans  will  be  in  operation  on  a  weekly 
schedule  on  and  after  Sept.  1.  The  Government  has  acquired 
40  steel  barges  and  five  towlwats   to   inaugurate   the  service. 

M.  J.  Caples,  vice-president  of  the  Hocking  Valley  Ry.  and 
the  Chesapeake  &  Ohio  Ry.,  has  been  elected  director  and  vice- 
president  of  the  Seatroard  Air  Line  Ry.  Mr.  Caples  entered 
the  service  of  the  Boston  &  Maine  Ry.  in  1S83  and  filled  posi- 
tions from  rodman  to  division  engineer.  He  entered  the  service 
of  the  Norfolk  &  Western  R.  R.  as  resident  engineer  of  con- 
struction in  1889  and  afterward  served  as  train  supervisor,  di- 
vision engineer  and  superintendent.  In  1905  he  became  general 
manager  of  the  Carolina,  Clinchfield  &  Ohio  Ry.  He  had  charge 
of  the  building  of  that  road  and  directed  operations  as  vice- 
president  and  general  manager  for  2  years.  He  became  vice- 
president  in  charge  of  operations  of  the  Chesapeake  &  Ohio 
and  the  Hocking  Valley  Ry.  in  November,  1911,  and  has  been 
with   the   latter  two  companies  for  7  years. 


Obituaries 

Sir  George  Christie  Gibbons,  K.  C.  chairman  of  the  Cana- 
dian section  of  the  International  Waterways  Commission,  died 
Aug.   8. 

C.  A.  Goodnow,  director  of  electrification  of  lines  for  the  Chi- 
cago, Milwaukee  c&  St.  Paul  R.  R.  and  Vice  President  of  the 
company,   died  last  month  at   Seattle,  Wash. 

Henry  W.  Klausmann,  Citv  Civil  Engineer  of  Indianapolis, 
Ind..  died  recently  at  his  horne  in  that  city.  He  was  born  in 
Marion  County,  Indiana,  Sept.  2,  1868,  and  moved  with  his  par- 
ents to  Indianapolis  when  he  was  10  years  old.  He  engaged  in 
the  engineering  business  in  1891.  From  1901  to  1910  he  served 
three  terms  as  county  surveyor.  He  was  city  civil  engineer 
under  the  Shank  a-iministration.  Mayor  Charles  W.  Jewett 
appointed  him  city  engineer  Jan.  7,  1918.  When  not  in  public 
office  Mr.  Klausmann  conducted  a  general  contracting  business, 
engaging  principally  in  the  construction   of  large  office  buildings. 

Col.  David  C.  Dodge,  a  pioneer  railroad  builder,  died  July  19 
at  Denver,  Colo.,  aged  81.  Colonel  Dodge  entered  the  railroad 
business  in  February.  1853,  beginning  as  chairman  on  an  engi- 
neer corps  of  the  Fox  River  Valley  R.  R.  in  Illinois  and  Wis- 
consin and  in  the  engineer  corps  of  the  Wisconsin  Central  R.  R. 
From  March.  1S56,  to  1857.  he  was  with  the  engineering  depart- 
ment of  the  Chicago,  Iowa  &  Nebraska  road.  He  came  to  Den- 
ver in  tlie  earlv  sixties.  His  chief  accomplishment  was  the 
building  of  the  Denver  &  Rio  Grande  R.  R.  from  Grand  Junc- 
tion to  Salt  Lake  Citv,  Utah,  a  distance  of  more  than  300  miles 
through  the  hardest  kind  of  country.  He  also  was  instrumental 
in  the  construction  of  the  Great  Western  Sugar  Co.  at  Loveland, 
Colo.;  the  Western  Packing  Co.  of  Denver,  the  Denver  Union 
Water    Co.    and    the    Shirley    Hotel. 


Personals 


F.  L.  Nicholson,  chief  engineer  of  the  Norfolk  Snuthern 
R.  R.,  has  been  appointed  consulting  engineer  for  the  Virginian 
Ry. 


Industrial  Notes 

J.  H.  Fenton,  of  the  Los  Angeles  office  of  the  Westinghouse 
Electric  &  Mfg.  Co..  has  recently  been  appointed  manager  of 
the  industrial  division  of  that  office,  which  includes  jurisdiction 
over  the  Tucson  pnd  El  Faso  offices. 

The  Chicago  Pneumatic  Tool  Co.  announces  that  contract 
has  been  let  and  work  started  on  the  erection  of  an  up-to-date 
addition  to  its  Cleveland  Plant,  which  is  planned  to  double  the 
present  output.  It  is  expected  that  work  will  be  completed  on 
the  building  itself  about  Nov.  1.  The  necessary  equipment  has 
been  ordered  and  it  is  believed  will  be  delivered  and  ready  for 
installation  bv  the  time  the  building  is  completed,  so  that  the 
additional  production  contemplated  wiU  be  available  very  soon 
thereafter. 

The  Walter  -V.  Zelnicker  Supply  Co.  recently  secured  the 
services  of  Merle  G.  Peterson,  who  is  now  connected  with  the 
company's  Chicago  sales  force  at  428  First  National  Bank  Bldg. 
Mr.  Peterson  was  formerly  associated  with  the  Niles-Bement- 
Fond  Co.  and  Pratt  &  Whitney  Company.  The  Zelnicker  Co. 
al.so  has  recently  added  to  its  sales  force  Henry  Stroh.  For 
tlie  past  10  years  Mr.  Stroll  was  connected  with  the  Elliot  Frog 
&  Switch  Company,  prior  to  which  time  he  was  associated  with 
the  Republic  Iron  &   Steel  Co.,   both  of  East  St.   Louis. 
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special  monthly  issues  may  be  subscribed  for  as  a  monthly  at  $1.00  a  year  (or  any  two  monthly  issues 
at  $1.50  a  year)  and  the  4  special  quarterly  issues  will  be  sent  without  extra  charge.  Three  of  these 
special  quarterly  issues  relate  entirely  to  foreign  engineering  and  construction  practice,  and  the  fourth  is 
our  annual  "New  tlquipment  Issue."  The  first  two  issues  of  each  month  ( 1st  and  2nd  Wednesdays) 
completely  cover  the  municipal  engineering  field.  Sec  tdvcttising  p«gc  for  further  information  and  tubicription  coupon. 
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The    Tnion    of    Local    Societies 
with  the  American  Associa- 
tion of  Engineers 

Tht'  .•Xnierican  .Association  of  Kngineers  pulilishe.s  a 
monthly  periodical  called  the  Monad,  and  every  issue 
contain.s  many  article.s  that  should  l>e  inspiring  to  all 
engineers  who  have  faith  that  the  combined  action  of 
engineers  will  raise  the  entire  engineering  profession 
in  public  estimation.  The  Association  has  done  a 
great  work  already,  and  under  its  new  secretary,  C.  E. 
Drayer,  will  undoubtedly  make  itself  felt  more  and 
more.  Mr.  Urayer  brought  about  the  plan  of  com- 
bined membership  of  the  American  Association  of  En- 
gineers and  the  Cleveland  Engineerinf  Society.  It  is 
hi.s  belief  that  this  plan  will  be  adopted  by  many  other 
local  societies.  Certainly  the  belief  in  co-operative 
union  between  local  and  national  societies  is  rapidly 
approaching  unanimity.  Uoubtless  specialized  local 
societies  will  eventually  associate  with  the  corre- 
sponding specialized  national  societies.  But  there  are 
many  local  societies  and  clubs  that  include  technical 
men  of  almost  every  class.  These  certainly  should 
affiliate  with  one  or  more  national  societies  of  equally 
broad  scope. 


The   Thinking   Habit   Should    Be 
Wedded  to  the  Doing  Habit 

There  are  more  thaii  a  thousaiul  trade,  business, 
professional  and  other  "class  periodicals"  in  Amer- 
ica, not  to  mention  thousands  of  books  that  sum- 
marize much  that  has  appeared  in  these  periodicals. 
In  spite  of  the  vast  volume  of  educational  matter  thus 
produced  annually,  our  general  increase  in  economic 
efficiency  is  disappointingly  slow.  Years  after  im- 
proved methods  of  doing  things  have  been  given  wide 
publicity,  the  older  and  less  effective  methods  remain 
in  general  use.  And  this  is  true  even  where  the  new 
methods  are  so  simple  as  to  be  readily  understood, 
and  where  they  can  be  put  into  efTect  with  little  or 
no  capital  expenditure.  Then  why  this  prevalent 
inertia  in  a  nati<m  of  people  as  intelligent  as  ours? 


The  answer  here,  as  in  similar  problems,  is  to  be 
found  by  a  study  of  the  principles  of  psychology;  and 
in  this  case  we  must  study  the  psychology  of  habit. 
Our  schools,  not  excepting  most  of  our  colleges,  are 
at  fault  in  that  they  give  little  attention  to  the  forma- 
tion of  the  habit  of  following  up  a  reasoned  conclusion 
by  a  physical  action.  We  are  trained  to  understand 
rather  than  to  apply  our  understanding.  Boys,  for 
example,  learn  the  "principle  of  the  lever"  in  their 
high  school  physics,  and  are  taught  how  to  solve  cer- 
tain problems  by  its  aid.  But  they  are  not  trained  to 
apply  the  principle  again  and  again  in  a  great  variety 
of  practical  ways.  So,  although  they  may  form  the 
habit  of  thinking  mechanically,  they  are  not  grounded 
also  in  the  habit  of  applying  mechanical  laws  and 
principles. 

We  are  now  referring  not  merely  to  the  general 
lack  of  manual  training  in  our  schools,  for  that  is 
but  one  phase  of  a  wider  matter.  Our  point  is  that 
students  should  be  trained  invariably  to  take  some 
sort  of  action  that  will  give  immediate  application  to 
the  conclusions  that  they  have  reached  as  a  result  of 
their  studies.  America  is  full  of  inventors  who  get 
no  further  than  to  make  a  few  sketches  of  their  ideas, 
and  who  raise  a  cry  of  priority  when  someone  else 
goes  further  and  makes  the  real  physical  device  that 
their  sketches  forecast.  Every  village  has  its  clever 
and  sound  reasoners  who  are  habituated  only  to 
reason  and  not  to  act  upon  their  conclusions.  It  is 
often  a  puzzle  why  these  thinkers  "get  nowhere," 
when  it  is  evident  that  all  progre.ss  is  due  to  thinking. 
Hut  the  puzzle  is  solved  the  moment  it  is  realized 
that  most  thinkers  are  not  doers. 

Why  Airplaiu's  Ketiuirc  So  Much 
Spruce 

.M;in.\  rny:ui-fv>  have  limilitless  been  pu/.zled  over 
statenunts  that  the  airplane  output  was  limited  by  the 
output  of  spruce.  The  average  airplane  contains  less 
than  170  ft.  board  measure  of  spruce.  An  ultimate 
monthly  output  of  10,000  airplanes  would  therefore 
involve  only  1.700,000  ft.  B.  M.  -a  really  small  quan- 
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tity  of  lumber.  Then  why  was  there  a  shortage  of 
airplane  stock?  Until  very  recently  it  required  70  ft. 
of  timber  in  the  tree  to  furnish  1  ft.  in  an  airplane. 
About  15  per  cent  of  the  timber  in  the  tree  was  clear 
enough  and  sufficiently  straight  grained  to  be  suitable 
for  airplane  stock,  and  less  than  10  per  cent  of  the 
stock  was  used  in  the  finished  plane.  However,  about 
20  per  cent  of  the  stock  is  now  used,  and  the  engineers 
hope  to  increase  this  to  30  per  cent. 

The  Sitka  spruce  of  northern  California,  Oregon  and 
Washington  supplies  95  per  cent  of  the  lumber  used  by 
our  government  and  its  allies  for  flying  machines. 
This  spruce  is  lighter  and  more  resilient  than  any 
other  timber  available  in  large  quantities,  being  fully 
10  per  cent  superior  to  Douglas  fir. 

Less  than  a  year  ago  the  Spruce  Production  Division 
of  the  U.  S.  Signal  Corps  began  organizing  the  spruce 
lumbering  industry.  There  were  only  3,000  men  in 
the  spruce  camps  of  Oregon  and  Washington  last  No- 
vember, where  now  there  are  10,000.  Some  $3,500,000 
worth  of  logging  engines,  wire  rope  and  steel  rails 
were  secured  for  use  in  these  logging  camps,  and  a 
hundred  mills  are  engaged  in  sawing  the  lumber. 

Recently  the  head  of  the  German  aviation  forces 
told  German  reporters  that  America's  talk  about  pro- 
ducing 50,000  airplanes  before  the  end  of  the  year 
was  only  another  sample  of  American  bluff.  It  is  well 
that  he  thinks  so.  Our  output  of  these  machines  is 
fast  reaching  a  rate  that  will  be  quite  as  amazing  to 
the  Germans  as  our  shipbuilding  output  has  become. 
Liberty  motors,  spruce  and  other  airplane  essentials 
have  already  reached  "quantity  production'"  rates,  and 
will  be  delivered  according  to  a  schedule  that  provides 
ultimately  for  100,000  flying  machines  annually. 


Should 


Gold   Mining    Be 
sidized  ? 


Sub- 


At  a  recent  meeting  of  gold  mine  owners  and  oper- 
ators the  government  was  importuned  to  subsidize  the 
gold  mining  industry.  Rise  in  wages  and  prices  of 
materials  has  already  caused  many  gold  mines  to  sus- 
pend operation.  Gold  miners  argue  that  since  credit 
is  based  on  gold,  our  expanding  credit  should  be  pro- 
vided for  by  additional  gold  production.  Mining  peri- 
odicals have,  in  most  instances,  endorsed  this  conten- 
tion. Is  the  argument  sound?  Certainly  it  is  not,  if 
there  is  any  truth  in  that  political  economy  law  which 
states  that  the  general  level  of  prices  varies  with  the 
quantity  of  money  in  use  and  its  rapidity  of  circula- 
tion. If  this  is  true — and  no  one  has  ever  denied  it — 
to  encourage  fui'ther  production  of  gold  by  govern- 
ment subsidies  to  gold  producers  will  have  the  disas- 
trous effect  of  raising  the  general  level  of  prices  still 
more.  Then  the  gold  miners  would  demand  a  still 
greater  subsidy,  and  so  on  endlessly. 

The  fact  is  that  never  in  the  history  of  the  world 
has  any  nation  had  so  great  a  per  capita  fund  of  gold 
as  America  now  has.  Coupled  with  this  we  have  only 
recently  adopted  a  new  banking  law  that  makes  the 
gold  more  efficient  as  a  basis  for  credit,  as  well  as  pro- 
viding greater  safety  by  virtually  pooling  the  re- 
sources of  the  banks.  If  the  authorities  on  political 
economy  are  right,  America  should  rid  herself  of  a 
large  part  of  her  gold,  for  her  stock  is  already  so  great 
as  to  have  produced  excessively  high  prices. 

The  Mining  Press  recently  said: 

There  is  but  one  wav  to  protect  both  gold  and  general  indus- 
try; and  that  is  to  build  up  the  gold  reserve  faster  and  (aster 
as  a  foundation  adequate  to  sustain  the  growing  national  in- 
debtedness. That  indebtedness  means  services  loaned,  but  the 
repayment  must  be  made  in  currency,  the  only  guarantor  of 
which   is   the   royal   metal.     The  way   to   reenthrone   gold  as   the 


arbiter  of  commercial  value  is  either  by  crystallizing  the  prices 
for  all  commodities,  or  by  letting  all  markets  regulate  them- 
selves on  the  ancient  principle  of  supply  and  demand.  Half-slave 
and  half-free  it  is  certain  that  industry,  commerce,  banking, 
and  insurance,  will  presently  fall  into  a  slough  of  difficulties 
from  which  we  may  not  extricate  them  before  appalling  damage 
will  have  been  inflicted  not  alone  upon  the  economic  life  of  our 
own   day  but    upon   that  of  generations   to   come. 

There  are  two  errors  in  this  argument:  First,  it  is 
not  a  fact  that  "repayments  must  be  made  in  cur- 
rency." Very  little  currency  is  used  in  the  commer- 
cial transactions  of  this  country,  payments  being 
made  with  checks  and  drafts.  Second,  the  control  of 
certain  prices  by  the  government  has  not  caused  in- 
creased costs  of  gold  mining,  but  the  exact  reverse,  so 
that  it  can  not  be  maintained  that  the  government 
should  further  relieve  the  gold  mine  operator  by  guar- 
anteeing his  profits.  His  profits  would  have  been  less 
had  the  government  not  kept  many  prices  down. 

The  unexampled  fall  in  the  value  of  gold  relative  to 
other  products  has  again  raised  the  question  whether 
nations  would  not  be  wise  to  abandon  it  entirely  as  the 
basis  of  domestic  currency,  using  it  merely  to  settle 
international  trade  balances.  Certainly  it  would  seem 
that  the  time  has  come  when  enlightened  nations  can 
safely  undertake  to  use  nothing  but  "credit  money" 
for  domestic  purposes,  guarding  against  expansions  of 
credit  that  will  cause  such  unreasonable  rises  in  gen- 
eral price  levels  as  we  have  witnessed  in  the  last  three 
years. 


(26) 


The  Future   of  the    Shipbuilding 
Industry  in  America 

At  the  present  moment  no  branch  of  the  construc- 
tion field  is  attracting  as  much  attention  or  growing 
as  rapidly  as  shipbuilding.  This  activity  is  likely  to 
lead  many  structural  engineers  and  contractors  to 
believe  that  ship  designing  and  building  will  be  a 
good  field  to  enter  as  a  permanent  occupation.  Before 
coming  to  such  a  conclusion  it  will  be  well  to  study 
shipping  statistics. 

Prior  to  the  war  the  merchant  fleet  of  the  world 
totaled  45,000,000  tons,  of  which  Great  Britain  had 
18,000,000  tons.  The  net  loss  (gross  loss  minus  new 
construction)  in  the  tonnage  since  the  war  began  has 
been  only  5,200,000  tons.  During  1918  America  will 
turn  out  4,000,000  tons  and  the  rest  of  the  world  about 
an  equal  amount.  Submarine  destruction  during  re- 
cent months  indicates  a  total  sinking  of  about  4,000,000 
tons  for  1918. 

Schwab  has  predicted  an  output  from  American 
yards  of  10,000,000  tons  in  1919;  and  Hurley  states 
that  if  the  750  ways  used  for  cargo  ships  average 
three  vessels  each  in  1919  the  output  will  be  13,500,000 
tons.  It  is  America's  plan  to  build  fully  25,000,000 
tons,  which  alone  will  increase  the  world's  tonnage  to 
75,000,000  by  the  end  of  1920,  a  gain  of  50  per  cent 
over  the  tonnage  existing  prior  to  the  war.  The 
greatest  shipbuilding  nation  in  the  world.  Great  Brit- 
ain, never  turned  out  as  large  a  tonnage  in  any  five 
years  as  America  will  turn  out  in  one  year  if  the 
13,500,000  tons  output  is  reached. 

It  is  perfectly  evident  that  no  matter  how  rapid  the 
growth  of  water  borne  commerce  may  be  after  the 
war,  the  shipbuilding  facilities  will  far  exceed  all  need 
for  increased  tonnage.  In  this  connection  it  is  worthy 
of  note  that  the  efficency  of  ships  as  cargo  carriers  has 
increased  greatly  since  the  war  began,  and  will  in- 
crease much  more.  This  has  been  effected  by  speedier 
loading  and  unloading  of  vessels.  Statistics  have 
been  given  out  by  Hurley  indicating  increases  of  50  to 
100  per  cent  in  the  number  of  round  trips  per  annum 


August  28,  1918. 


KNC.IN'KKRIN'G   A\D   CONTRACTING 


207 


made   by   vessels   to   South   American    and    P^uropean 
ports. 

The  present  number  of  ship  ways  in  America  is  660. 
and  160  more  are  under  con.struction ;  750  of  these  will 
be  under  the  direction  of  the  Emergency  Fleet  Cor- 
poration. The  speed  of  conatructinK  and  eciuipping 
ships  has  increased  at  an  amazing  rate,  so  that  esti- 
mates of  the  output  of  the  yards  have  been  jjreatly 
exceeded.  When  5.000-ton  ships  bepan  to  be  launched 
in  60  days,  astonishment  was  e.xpressed  by  all  ac- 
ijuainted  with  shipbuildinjr.  Then  a  12.000-ton  vessel 
the  "Defiance."  was  launched  in  ;?8  days.  Following 
immediately  from  the  same  yard  a  sister  ship,  the 
"Invincible."  was  launched  in  24  working  days,  or  30 
calendar  days.  Fifteen  hundred  men  working  day  and 
night  accomplished  this  feat.  Consider  what  this 
means.  At  this  rate  12  ships  of  12,000  tons  each  would 
'be  built  annually  on  each  way.  or  four  times  as  many 
ships  as  Hurley  estimated  per  way  per  annum! 

During  July  123  American  vessels  were  launched, 
totaling  632,000  tons,  which  is  a  greater  output  in  one 
month  for  this  country  than  in  any  single  year  in  the 
past.  The  tonnage  launched  by  months  has  been  as 
follows: 

January    88,507 

Krbruury     123.625 

.March     172.611 

April    : 160.286 

May    259.241 

June     283,322 

J  uly    631,944 

Total    1.719.536 

When  it  is  remembered  that  the  largest  shipyard  in 
the  world  ( Hog  Island  with  50  ways)  did  not  launch 
its  first  ship  till  Aug.  5,  and  the  first  launching  at  the 
Bristol  yard  (12  ways)  did  not  occur  till  Aug.  3,  the 
July  record  makes  it  clear  that  before  the  end  of  1918 
we  shall  have  reached  an  output  of  fully  800.000  tons 
monthly.  There  are  now  300,000  men  engaged  in  our 
shipyards  and  200.000  more  in  fabricating  steel,  build- 
ing equipment,  etc.,  for  the  ships.  Hurley  has  said 
that  this  number  will  be  doubled  by  1920.  But  one 
may  well  ask  why.  Have  we  not  almost  reached  the 
stage  where  we  may  well  consider  calling  a  halt  on 
further  increase  in  shipbuilding  capacity?  If  the 
American  output  of  ships  is  raised  to  10,000,000  tons 
yearly  and  that  of  the  other  nations  is  4,000,000  tons, 
the  net  gain  over  submarine  and  mine  losses  will  be 
fully  10,000,000  tons  yearly.  This  is  more  than  twice 
what  is  required  to  provide  the  increased  tonnage 
needed  by  our  growing  army  and  for  other. purposes. 
Why,  then,  should  we  continue  piling  Pike's  Peak  on 
Mount  Tacoma? 

In  any  event,  it  is  evident  that,  after  the  war,  ships 
and  shipbuilding  plants  will  be  a  drug  on  the  market, 
for  America  alone  will  have  a  shipbuilding  capacity 
three-fold  as  great  as  that  of  the  entire  world  prior  to 
the  war. 


Why   a   Sewer   Contractor  Has 
Succeeded  as  a  Ship  Builder 

Fully  two-thirds  of  all  large  American  contractors 
do  not  specialize  e.xclusively,  but  engage  in  a  variety 
of  construction  work.  In  times  like  the  present  there 
is  a  great  shifting  in  the  contract  world  from  one 
class  of  work  to  another.  An  interesting  and  strik- 
ing example  is  the  Meacham  &  Babcock  Shipbuild- 
ing Corporation,  whose  yards  are  on  Lake  Union, 
Seattle.     In  a  recent  interview  Mr.  Meacham  said: 

W<>  nrc  ronlrni  tor.».  I  wim  liulldlni;  nIiIimi  In-fore  I  evrr  unw 
»n«  launrhvd.  We  havo  Mono  newer  roiimruollon.  \Vr  have 
«>ven  l>ulU  a  church.  AnythliiK  that  lookixl  like  a  contran  we 
woru  after.  BulldliiK  contrarln  Krowinc  Iraa.  on  account  iif  the 
war.   Wf  decided  to  Ko  Into  thl«. 


To    build    a    ahip.    after   all.    la   a   contract — and    we   are   con- 

irarloni.     If    »o    take   a    aewer    contract    we    enirnre    e«pert»    In 
thiit    line.     If  we  take  a  contract   to   build  a   <  ;  trajse 

I'liil.l.  r»      Now   that  wo  are  bulldmi:  rhlpn.   ».  |.ert 

I. rain.'.    In    that    calllne.     We   have   about    l.40«  _    and 

will  hitvc  more.     I  don't  think  wo  have  a  »lnKl>-      m...  >.,■;      m  the 
5.ird 

This  company  had  six  wooden  ships  of  3,500  tons 
each  in  the  ways  when  they  received  telegraphic  or- 
ders for  two  more  at  $550,000  each.  Sir.  Meacham, 
commenting  on  this,  said: 

Surh  n  ri.nira.t  would  liavi-  taken  our  breath  away  If  It  had 
mill.-  II  year  auu.  Now  It  U  In  the  reKuUr  order  of  bualneaa. 
It  Hhiiwti  how  a  man's  frame  of  mind  can  change  when  neceaalty 
romeH. 

The  noteworthy  part  of  this  inter\'iew  is  the 
point  of  view  of  a  man  accustomed  to  do  outdoor  con- 
struction work  on  a  large  scale.  He  regards  himself 
as  an  executive  capable  of  handling  any  such  work, 
I  rovided  he  can  hire  experts  to  manage  it  under  his 
general  direction.  Accu.stomed  to  the  problems  of  rap- 
idly building  up  an  efficient  organization,  a  general 
contractor  is  capable  of  securing  really  astonishing  re- 
sults in  a  short  time.  This  was  demonstrated  on  a 
spectacular  scale  by  the  engineering  contractors 
who  built  the  cantonments  so  rapidly  last  year.  It 
has  also  been  demonstrated  in  fully  as  spectacular  a 
fashion  by  such  contracting  firms  as  Meacham  &  Bab- 
cock in  the  building  of  ships.  Contractors  who  had 
never  before  built  a  ship  knew  they  could  do  it,  for 
had  they  not  built  their  first  dam,  or  their  first  church 
without  previous  personal  experience  as  builders  of 
churches  or  dams?  Theirs  is  the  courage  developed 
by  success  in  venturing  into  relatively  new  construc- 
tion fields,  and  courage  is  half  of  every  battle.  But 
note  well  the  fact  that  such  successful  men  do  not 
rely  on  blind  courage.  They  "engage  experts  in  that 
line,"  and  they  themselves  put  the  "pep"  into  the 
whole  enterprise. 


Light  Weight  Concrete  for   Ship  Con- 
struction 

Numerous  studies  have  been  made  recently  for  the 
purpose  of  finding  a  light  weight  concrete  for  ship 
construction.  The  Department  of  Concrete  Ship  Con- 
struction of  ,the  Emergency  Fleet  Corporation,  ac- 
cording to  the  Emergency  Fleet  News,  has  succeeded 
in  developing  an  aggregate  weighing  only  70  per  cent 
as  much  as  the  aggregate  commonly  employed  in 
concrete  construction,  which  is  satisfactory  from  the 
standpoint    of   strength    requirements. 

Tests  of  a  volcanic  scoria  from  New  Mexico,  made 
a  few  weeks  ago  at  the  University  of  Texas,  indi- 
cated that  this  material  would  give  a  concrete  weigh- 
ing about  120  lb.  per  cubic  foot  and  having  a  com- 
pressive strength  of  above  4,000  lb.  per  square  inch 
at  the  age  of  28  days.  The  volcanic  scoria  in  a  solid 
condition  weighed  93.4  lb.  per  cubic  foot.  Crushed 
between  -'i  in.  and  's  in.  in  size  it  weighed  39  lb.  per 
cubic  foot  loose;  the  screenings  passing  the  '4-in. 
screen  weighed  78  lb.  per  cubic  foot  loose.  Good 
results  also  were  obtained  from  tests  of  a  sandstone 
which  weighed  solid  137  lb.  per  cubic  foot. 

Concrete  made  with  the  volcanic  scoria,  as  coarse 
aggregate,  and  its  screenings  as  fine  aggregate, 
weighed  15  per  cent  less  and  had  12'-  per  cent  more 
strength  than  a  limestone  concrete  made  at  the  same 
time  and  in  the  same  way.  The  concrete  made  of 
crushed  sandstone  and  its  screenings  weighed  10  per 
cent  less  and  was  12.4  per  cent  stronger  than  a  simi- 
lar concrete  made  with  gravel  and  sand. 
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Centrifugal  Force  and  Reaction 

To  the  Editor:  The  editorial  comment  as  to  cen- 
trifugal force  and  reaction  in  your  issue  of  June  26, 
on  my  paper  in  the  April  number  of  Proceedings  of 
the  Society  for  Promotion  of  Engineering  Education, 
comes  to  hand  after  my  absence  from  home.  Possi- 
bly the  question  may  have  enough  interest  for  some 
of  your  readers  to  justify  a  brief  rejoinder. 

One  point  of  your  criticism  is  clearly  stated  in 
the  final  sentence  as  follows:  "We  have  no  objec- 
tion to  the  use  of  the  term  centrifugal  reaction,  but 
we  do  strenuously  object  to  the  assertion  that  a  re- 
action is  not  a  force."  Another  point  is  clearly  put 
when  you  say:  "We  do  not  say  that  inertia  may  not 
be  a  force  (for  it  is  doubtless  better  called  an  en- 
ergy), but  we  insist  that  inertia  cannot  be  excluded 
from  the  class  of  phenomena  called  force  merely  by 
including  it  among  the  'properties  of  matter.'  " 

Noting  the  latter  criticism  first :  does  the  term  "prop- 
erty of  matter"  really  e.\clude  the  idea  of  force?  All 
conceptions  of  force  are  derived  from  its  observed 
action  on  matter.  Is  it  inconsistent  to  say  that  inertia 
is  a  property  of  matter  which  reveals  the  action  of 
force — the  force  being  external  to  the  mass? 

Reverting  to  the  first  quotation  above  we  seem  to 
be  at  once  in  partial  agreement.  And  we  may  also 
consider  that  the  literal  meaning  of  "centrifugal" 
contradicts  the  fact,  as  an  adjective  of  force.  The 
definition  of  centrifugal  in  Webster's  Dictionary  is: 
"Proceeding  or  flying  away  from  the  center."  But 
in  fact  the  body,  being  constrained  to  move,  say,  on 
the  arc  of  a  circle,  is  being  drawn  constantly  to- 
wards the  center — pulled  out  of  the  straight  line  in 
which  at  every  instant  it  tends  to  move,  according 
to  Newton's  first  law  of  motion.  The  writer  of  the 
definition  amplifies  by  adding:  ".  .  .  it  is  this  con- 
stant tendency  to  move  in  a  straight  line;  in  other 
words,  the  inertia  of  the  body,  which  in  its  aspect 
of  opposition  to  the  centripetal  force,  is  called  cen- 
trifugal force."  Thus  this  author  clearly  states  the 
fact  and  then  gives  the  popular  or  common  term  for 
the  eflFect.  The  term  centrifugal  reaction  exactly 
describes  that  effect  as  your  editorial  comment  ad- 
mits in  the  quotation  given.  One  who  clearly  under- 
stands this  would  not  say  that  a  flywheel  "bursts"  in 
the  same  sense  that  a  steam  boiler  bursts  or  a  loaded 
shell  explodes.  He  knows  that  the  disaster  hap- 
pens when  the  cohesive  forces  in  the  material  of  the 
rim  and  in  one  or  more  spokes  are  overcome  by  the 
centrifugal  reaction,  and  that  the  pieces  then  fly 
away  tangentially,  as  when  a  stone  is  hurled  from  a 
sling. 

But  your  more  strenuous  objection  perhaps  refers 
more  especially  to  statical  conditions.  In  lifting  a 
heavy  body  from  the  ground  muscular  action  is  an 
impressed  force  equal  and  opposite  to  the  weight 
(force  of  gravitation).  Or,  again,  when  two  men  pull 
equally  each  other  at  opposite  ends  of  a  rope  (as  in 
the  "tug  of  war")  there  are  two  impressed  forces  di- 
rectly opposed.  Now  suppose  the  rope  to  be  cut  and 
tied  to  a  hook  firmly  fixed  in  a  wall,  while  one  man 
pulls  as  before.  The  tension  in  the  rope  is  the  same 
(although  novices  sometimes  say  that  the  rope  pulled 
by  two  opponents  has  a  tension  equal  to  the  sum  of 
the  two  pulls) ;  but  the  pull  of  the  one  man  is  now 
resisted  by  the  hook.  There  is  no  force  in  the  hook; 
but  it  offers  an  equal  and  opposite  reaction.  If  the 
man  pulls  more  or  less  the  reaction  varies  accord- 
ingly.     If   the   pull    ceases    so    does    the     reaction — 
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which   is   thus   coexistent   with   the   pull   but   neither 
pre-existent  nor  persistent. 

In  computations  of  the  internal  stresses  in  a  bridge 
truss  or  plate  girder  we  begin  by  computing  the  "re- 
action of  the  abutment,"  which  is  the  proper  desig- 
nation of  this  external  resistance  to  the  weight  there 
imposed.  Of  course  the  reaction  is  equal  to  the 
weight,  and  it  is  convenient  to  view  it  as  a  force 
when  we  write  the  equation  in  the  form  W  =  Reac- 
tion. But  when  lifting  a  load  the  opposition  or  stress 
is  between  weight  and  direct  muscular  effort,  not 
reaction;  or,  W  =  direct  pull.  This  may  appear  to 
be  a  trivial  distinction,  but  it  is  there  and  it  is  well 
to  observe  it.  Newton  after  years  of  patient  observa- 
tion and  study,  ennunciated  his  third  law  of  motion 
thus:  An  action  is  always  opposed  by  an  equal  re- 
action; or,  the  mutual  actions  of  two  bodies  are  al- 
ways equal  and  act  in  opposite  directions.  There  are 
two  clauses  in  this  statement.  As  the  writer  under- 
stands it,  Newton  intended  by  them  to  make  the  dis- 
tinction just  suggested.  If  not  the  second  clause  is 
little  more  than  a  needless  repetition.  It  is  as  if  he 
said,  by  the  first  one,  the  effect  equals  or  is  the  meas- 
ure of  the  cause,  but  is  not  the  cause;  and,  by  the 
other,  the  mutual  actions  of  two  impressed  forces, 
causing  stress  between  two  bodies  must  be  equal  and 
opposite. 

An  author  of  cherished  memory  in  an  otherwise 
admirable  text  book,  gives  an  example  of  robbing 
this  law  of  its  full  meaning.  He  says:  "A  force  is 
an  action  between  two  bodies.  .  .  .  There  can  be  no 
force  unless  there  are  at  least  two  bodies  .  .  .  there 
are  two  bodies  and  one  action  of  force."  Further  on 
he  states:  "When  a  body  like  a  block  of  stone  rests 
upon  the  ground  there  are  two  actions  between  the 
stone  and  the  earth,  viz.:  a  pull  and  a  push  which  ex- 
actly balance  .  .  .  ."  Then,  after  quoting  the  third 
law  he  states:  "This  law  of  Newton  does  not  ex- 
plain the  stability  of  the  block  of  stone  resting  upon 
the  ground  in  the  former  illustration.  In  that  case 
there  were  two  actions  between  the  earth  and  the 
stone,  a  pull  and  a  push,  and  the  pull  and  push  bal- 
anced .  .  .  ."  Here  the  beginner  is  told  truly  that 
there  is  one  action  or  stress  between  two  bodies;  then 
that  another  action  comes  in  as  the  push  up  of  the 
earth;  and  finally,  to  add  to  his  confusion,  that  New- 
ton's law  does  not  apply.  More  than  a  page  of  such 
futile  explanation  would  have  been  saved  by  stating 
directly:  The  primal  action  or  impressed  force  is 
the  weight  of  the  stone;  the  reaction  or  counterac- 
tion of  the  earth  is  equal  and  opposite  to  that,  ac- 
cording to  the  statement  of  Newton's  third  law. 

Reverting  now  to  the  kinetic  aspect  of  the  case, 
anybody,  in  a  short  time  and  with  little  labor,  may 
make  the  following  simple  experiment:  Fill  a  suit- 
able bag  with  50  lb.  to  100  lb.  of  sand,  and  a  similar 
bag  of  the  same  size  wit  h  sawdust,  hay  or  other  light 
material.  Suspend  these  by  suitable  cords  from 
hooks  firmly  fixed  10  to  12  ft.  overhead.  Evidently 
these  masses  are  perfectly  free  to  move,  as  friction 
and  air  resistance  are  negligible.  Now  strike  each 
in  succession  a  very  quick  strong  blow  horizontally 
directed;  or  give  a  sudden  pull  by  an  attached  cord 
of  medium  strength.  The  lighter  mass  will  be  sent 
flying  on  a  wide  swing,  giving  a  moderate  reaction 
against  the  fist.  The  heavier  mass  may  offer  enough 
resistance  to  injure  the  hand  or  cause  the  pulling 
cord  to  break;  and  its  range  of  movement  will  be  much 
less.  Evidently  the  different  behavior  of  the  two 
masses,  which  may  be  made  to  look  alike  externally, 
is  due  to  the  fact  that  the  quantity  of  matter  in  one 
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is  greater,  although  the  .size  is  the  same,  and  the  two 
blows  equally  quick  and  strong.  There  is  no  inherent 
force  in  them,  as  they  are  passive  until  struck.  This 
experiment  is  suggested  as  affording  tangible  e.xperi- 
ence  of  reaction  opposing  mu.scular  effort,  lit  may 
be  used  also  to  illu.strate  and  verify  other  principles 
of  mechanics.] 

Admittedly  we  are  discussing  vexed  questions. 
Some  authorities  urge,  as  you  .suggest  parenthetically, 
that  the  relations  of  force,  mass,  momentum,  etc., 
should  be  treated  from  the  viewpoint  of  energy,  or 
work,  since  the  unit  measure  of  force  involves  unit 
of  acceleration;  hence  it  is  really  an  elementary 
quantity  of  work  |  F  —  Ma,  and  .M  —  1.  a.  =  1  |.  New- 
ton's definitions  have  been  criticised  and  discussed 
by  many  later  authorities  and  his  "laws"  restated  ac- 
cordingly. As  they  were  written  originally  in  Latin 
the  variety  in  the  renderings  is  not  surprising.  He, 
himself,  suggested  the  term  "force  of  inertia,"  but, 
as  Barton  says*:  "There  is  a  strong  body  of  opinion 
that  Newton's  definition  of  mass  is  incomplete  and 
illogical." 

The  foregoing  considerations  are  submitted  in  the 
spirit  of  one  conscious  that,  even  after  40  years  of 
teaching,  he  does  not  yet  know  it  all.  He  believes, 
however,  that  they  afford  a  satisfactory  viewpoint  of 
some  of  the  fundamentals. 

Robert  Fletcher. 

(Professor   emeritus.) 

Thayer  School  Civil  Engineering, 

Dartmouth  College. 


How  the  Engineering  Profession 
Can  Help  Its  Younger  Members 

To  the  Editor:  The  letter  from  O.  W.  Childs  of 
Washington,  D.  C,  in  your  issue  of  Aug.  21  should 
be  read  by  all  engineers.  The  policy  of  the  Govern- 
ment in  regard  to  the  employment  of  non-organized 
groups  of  employes  contrasted  with  that  followed  in 
the  employment  of  organized  groups  suggests  the 
remedy  for  the  former.  From  the  engineer's  stand- 
point it  is  to  be  regretted  that  the  draftsmen  in 
Washington  have  found  it  necessary  to  form  a  labor 
union  in  order  to  secure  justice.  This  fact  confronts 
the  engineering  profession  as  an  unpleasant  demon- 
stration of  its  indifference  to  its  younger  members. 
If  engineers,  after  having  spent  their  time  and 
money  in  gaining  a  technical  education  and  joining 
the  ranks  of  a  profession  whose  main  object  is  pub- 
lic service,  cannot  receive  even  as  much  considera- 
tion as  union  tradesmen,  nor  greater  compensation, 
something  should  be  done  about  it.  The  men  in 
Washington  did  something,  and  if  what  they  did  was 
not  the  best  that  could  have  been  done,  it  was,  for 
them,  better  than  nothing  at  all. 

There  are  other  places  in  the  United  States  where 
similar  conditions  obtain,  and  if  the  existing  engi- 
neering organizations  cannot  espouse  the  cause  of 
the  younger  engineers  when  they  are  beset  by 
trouble,  the  support  that  might  be  theirs  from  these 
potential  leaders  of  the  future  will  be  lost.  The 
American  Association  of  Engineers  has,  as  Mr. 
Child's  letter  states,  been  active  and  solicitous,  not 
only  in  maintaining  the  professional  character  of  en- 
gineering practice  as  distinguished  from  that  of  the 
usual  trade  union,  but  also  in  helping  younger  engi- 
neers by  direct  employment,  by  the  education  of  the 
public  to  an  appreciation  of  the  real  meaning  of  en- 


gineering, and  by  encouraging  its  members  to  think 
of  themselves  as  individuals  belonging  to  an  army 
fighting  for  its  ideals  as  well  as  for  something  more 
than  a  bare  existence. 

The  national  societies  from  their  point  of  vantage 
in  New  York  have,  within  the  last  year,  been  show- 
ing signs  of  uneasiness  and  dissatisfaction  with  their 
time-honored  past.  The  Engineering  Council  has 
been  formed.  But  evidence  is  accumulating  which 
would  indicate  that  the  speeding-up  processes  of  the 
war  have  been  accompanied  by  no  parallel  accelera- 
tion in  engineering  organization. 

One  remedy  which  might  be  suggested  for  the  sit- 
uation in  Washington  which  in  other  forms  exists 
elsewhere,  is  the  formation  of  an  inclusive  national 
organization  of  engineers  for  the  purpose  of  promot- 
ing a  sagacious  and  discerning  business  policy  while 
maintaining  the  traditional  technical  activity  of  the 
past.  There  must  be  provided  in  this  a  mechanism, 
endowed  with  sympathetic  insight,  for  reaching  out 
to  the  far  corners  of  the  country  and  down  to  the 
veriest  beginner  in  the  profession.  An  organization 
with  an  intelligently  controlled  sensitive  nervous 
system  with  quick  apprehension  and  sane  reactions, 
founded  upon  democratic  principles  will  master  the 
situation.  Frederick  Bass. 

M.  Am.  Soc.  C.  E.. 
M.   Am.    Assoc. 

Minneapolis.  Minn. 
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Second  Largest  Shipyard   in  L".  S.  to  Be 
Built  on  Pacific  Coast 

With  the  Victory  plant  at  Squantum  completed  and 
boats  being  launched  there  every  few  days,  the  Beth- 
lehem Shipbuilding  Corporation,  has  again  turned  its 
attention  to  further  expansion  and  authorized  the 
construction  of  a  new  shipyard  located  at  Alameda, 
Cal.,  near  the  present  plant  of  the  Union  Iron  Works. 

Contract  for  the  construction  of  the  plant  was 
awarded  to  the  Aberthaw  Construction  Co.  of  Bos- 
ton, which  recently  completed  the  Victory  plant  in 
record  time  and  who  has  handled  practically  all  the 
wartime  expansion  of  the  Bethlehem  Corporation, 
totalling  more  than  $20,000,000  exclusive  of  the 
present  work. 

The  Alameda  plant  will  be  the  second  largest  in 
the  United  States  exceeded  in  size  only  by  Hog 
Island.  It  will  be  twice  the  size  of  the  Victory  plant 
at  Squantum  and  will  involve  twice  the  expenditure. 
The  plant,  which  will  be  complete  for  building  on  10 
slips,  will  cover  over  '  3  square  mile  and  from  3.000,- 
000  to  4.000,000  cu.  yd.  of  dredging  will  be  necessary. 
Large  cargo  vessels  will  be  constructed,  contracts 
for  which  have  already  been  awarded  to  the  Beth- 
lehem Shipbuilding  Corporation  by  the  United  States 
Shipping  Board. 

The  formal  opening  of  the  work  occurred  on  Aug. 
IS  when  the  first  pile  was  driven.  Five  hundred  men 
are  already  on  the  grounds  and  it  is  anticipated  that 
the  construction  work  will  require  the  services  of 
approximately  15,000  men  within  the  next  few  weeks. 
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lit)  l'»r  (in I  of  Capacity  of  Bridge  and  Structural 
•Shops  (  ontracted  For. — The  records  of  the  Bridge 
Builders  and  Structural  Society,  as  collected  by  its 
Secretary,  show  that  during  the  month  of  July.  1918. 
llG'i;  per  cent  of  the  entire  capacity  of  the  bridge 
and  structural  shops  of  the  country  was  contracted 
for.  The  total  tonnage  contracted  for  during  the 
first  six  months  of  1918  was  56  per  cent  of  capacity. 
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Cost  Plus  Contracts 

By  P.  B.  GLASCO. 
President   George   W.   Stiles   Construction   Co. 

The  Convention  of  Building  Industries  which  met 
recently  at  Atlantic  City  attempted  to  pass  a  reso- 
lution in  favor  of  "Voiding  so  far  as  practicable  so- 
called  Cost  Plus  Contracts,"  inasmuch  as  various  de- 
partments of  the  Federal  Government  looked  with 
disfavor  upon  cost  plus  contracts.  It  seems  strange 
that  a  body  of  men  who  should  be  well  informed  in 
regard  to  building  matters  under  present  conditions 
would  attempt  to  pass  such  a  resolution,  and  the  fact 
that  after  discussion  it  was  not  passed,  goes  to  show 
that  there  are  a  great  many  things  to  be  said  in  favor 
of  cost  plus  work. 

The  greatest  advantage  of  the  cost  plus  system  is 
that  on  urgent  work  it  permits  work  to  be  started 
without  waiting  for  the  plans  to  be  completed,  thus 
making  a  great  saving  in  time,  and  also  probably  in 
cost,  as  an  efficient  contractor,  working  with  an  ar- 
chitect or  engineer,  can  no  doubt  make  suggestions 
that  will  save  money  as  well  as  time. 

If  the  work  is  not  so  urgent  and  will  permit  the 
finishing  of  the  plans  and  taking  bids,  the  proper 
kind  of  cost  plus  contract  should  save  an  owner 
money  under  present  conditions,  for  in  bidding  on 
lump  sum  contracts,  reliable  and  experienced  con- 
trf.ctors  will  undoubtedly  add  a  larger  percentage  of 
profit  than  they  would  under  ordinary  conditions,  and 
in  addition  put  on  considerable  for  contingencies  in 
the  way  of  advances  in  wages,  prices  of  materials, 
freight  rates,  and  other  risks.  If  these  contingencies 
do  not  arise,  the  owner  still  has  to  pay  for  them  and 
the  contractor  makes  a  larger  profit  than  he  is  really 
entitled  to.  In  actual  practice  it  has  often  "orked 
out  that  all  bids  are  considered  to  be  excessive  and 
the  project  is  either  abandoned  or  shelved  for  the 
time  being,  or  else  new  bids  are  taken  in  the  hopes 
cf  finding  a  contractor  who  is  willing  to  take  large 
risks  for  a  slight  prospective  profit. 

There  has  been  abuses  in  connection  with  cost  plus 
work,  possibly  more  on  public  work  than  on  private, 
but  instead  of  condemning  the  cost  plus  system  out- 
right, it  seems  to  us  that  it  would  be  better  to  at- 
tempt to  develop  a  cost .  plus  system  which  would 
eliminate  abuses  as  far  as  possible,  and  we  believe 
that  the  best  way  of  eliminating  abuses  is  to  give 
the  contractor  every  possible  incentive  to  make  good. 
This  can  be  accomplished  b.v  a  system  which  puts 
the  contractor  on  his  mettle  to  achieve  and  maintain 
a  reputation  as  an  economical  and  efficient  builder, 
and  which  also  makes  his  pecuniary  reward  depend- 
ent upon  his  degree  of  success  in  carrying  out  his 
contract. 

Where  speed  is  essential  and  where  it  is  desirable 
to  start  the  work  before  plans  are  finished,  the  ar- 
chitect or  engineer  will  naturally  pick  from  the  con- 
tractors known  to  him  the  one  best  suited  for  the 
1  articular  job,  and  abuses  can  only  be  avoided,  by 
securing  a  contractor  of  unquestioned  honesty  and 
ability.  Where  there  is  time,  however,  to  prepare 
complete  plans  and  specifications,  some  of  the  good 
points  of  lump  sum  competitive  bidding  can  be  com- 
bined with  a  cost  plus  system,  which  embodies  the 
incentives  of  "making  good"  referred  to  before,  and 
the  owner  can  secure  the  benefit  of  both  systems. 
An  outline  of  such  a  combination  which  we  have  sug- 
gested to  several  architects  and  engineers  recently 
and  which  has  been  used  by  them  in  taking  bids,  is 
as  follows : 


The  architects  or  engineers  invite  four  or  five 
honest  and  competent  contractors  to  submit  competi- 
tive bids  on  the  amount  of  the  lump  sum  fee  for 
which  they  will  do  the  work  on  a  cost  plus  basis. 
Each  contractor  submits  with  his  bid  on  the  fee 
a  detailed  estimate  of  the  actual  cost  of  the  work 
and  is  required  to  guarantee  his  estimate  to  the 
amount  of  one-half  of  his  fee;  that  is.  if  the  actual 
cost  should  exceed  the  estimated  cost,  the  overrun 
is  to  be  deducted  from  the  contractor's  fee  up  to  one- 
half  the  amount  of  the  fee.  This  gives  the  contrac- 
tor every  incentive  to  keep  the  cost  as  low  as  possi- 
ble in  order  that  he  shall  earn  his  full  fee,  but  is  not 
so  strong  as  to  cause  him  to  risk  his  reputation  by 
slighting  the  work,  as_  he  is  certain  of  at  least  one- 
half  his  fee.  An  added  incentive  for  economy  and 
efficiency  is  to  give  the  contractor  a  percentage 
(usOally  50  per  cent)  of  any  savings  in  cost  under 
the  estimated  cost. 

Several  tryouts  of  this  system,  where  the  contrac- 
tors were  given  their  option  of  submitting  either 
lump  sum  bids  or  cost  plus  bids,  showed  that  the  con- 
tractors were  strongly  in  favor  of  the  cost  plus  sys- 
tem, and  in  one  case,  at  least,  no  bids  were  received 
on  the  lump  sum  basis,  all  the  contractors  electing 
to  submit  bids  on  the  cost  plus  basis.  In  instances 
where  lump  sum  bids  were  submitted  the  cost  plus 
bids  were  found  to  be  considerably  lower. 

An  outline  for  invitation  for  either  lump  sum  or 
cost  plus  bids  which,  of  course,  v/ill  have  to  be  am- 
plified or  varied  to  suit  any  particular  job,  is  as  fol- 
lows : 

The  owner  will  consider  bids  submitted  en  the 
usual  lump  sum  basis,  also  bids  on  a  "cost  p'us" 
basis.  Contractors  may  bid  under  either  or  both 
methods  £S  outlined  below: 

1.  Lump  sum  bid  '^o  be  made  f::r  p''\  branches  of 
the  work  as  listed  below,  except  that  the  mechanical 
branches  may  be  omitted  if  desired.  Bid  shall  state 
specifically  all  branches  included: 

Wrecking 

Excavating   ; 

Masonry    

Etc 


2.  Cost  plus  bid  shall  state  a  lump  sum  fee  for 
which  the  contractor  will  do  the  work  on  a  cost  basis, 
cost  to  consist  of  all  expense  in  ccnnec'ion  with  the 
work  except  overhead  expense  of  contractor's  main 
office.  The  contractor  shall  also  submit  with  bid  his 
estimated  cost  of  the  work  except  the  mechanical 
branches,  but  the  superintendence  and  handling  of 
these  branches  shall  be  covered  by  h's  lump  sum 
fee.  Any  overrun  of  the  cost  above  contractor's  es- 
timate shall  be  borne  by  the  contractor  up  to  'no- 
half  the  amount  of  his  fee,  any  balance  by  the  owner. 
Any  saving  shall  be  divided  equally. 

Estimated  cost  shall  be  given  in  detail  by  branches 
as  outlined  below.  For  various  items  included  under 
each  branch  refer  to  the  general  specifications. 

Overhead  expense  shall  include  liability  insur- 
ance, fire  insurance,  permits,  temporary  offices,  sheds, 
fences,  toilets,  etc.;  phone,  heat,  light,  etc.;  traveling 
expenses,  superintendent,  foremen,  timekeeper,  water 
boy,  watchman,  etc.;  plant  costs,  freight,  rentals,  re- 
pairs, depreciation,  tools,  etc.;  and  other  items  of 
overhead  expense. 

The  architect  will  require  the  contractors  v  hose 
propositions  are  favorably  considered  to  submit  com- 
plete detailed  estimates  showing  Quantities,  unit 
prices  for  materials  and  labor,  sub-bids,  together 
with   original   quotations,   wage   scales,   etc.,    used   in 
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estimating,   all   to   be   checked   and   approved   by   the 
architect  before  contract  is  awarded. 


Any  architect  or  engineer  tun,  no  doubt,  work  out 
his  own  form  of  contract  for  this  system  of  cost  plus 
work,  making  it  as  simple  or  elaborate  as  he  pleases, 
cr  if  he  wishes  to  get  some  ideas  of  the  leading  con- 
tractors' forms  for  cost  plus  contracts,  he  could  do 
no  better  than  refer  to  Engineering  and  Contracting, 
issue  of  Doc.  2G,  I'JIT,  which  contains  several  differ- 
ent forms. 

Last  but  not  least,  on  the  cost  plus  work  which 
we  have  done,  we  have  found  that  our  relations  with 
the  owner  and  architect  have  been  mo.st  pleasant  and 
agreeable  as  all  our  interests  are  identical,  that  is,  to 
ill'  g'lod  work  as  economically  as  possible;  and  as 
we  are  sure  of  a  certain,  if  small,  compensation  for 
(  ur  skill  and  ability  as  builders,  we  find  that  much 
rf  the  friction  is  eliminated  which  is  bound  to  arise 
under  a  lump  sum  contract,  where  it  is  to  the  con- 
tractors' interest  to  do  a.s  little  as  possible  under 
the  plans  and  specifications,  whereas  it  is  to  the 
owners'  and  architects'  to  demand  as  much  as  pos- 
sible. 

Coniniis.sion    to    .Study    New    Mississippi 
River  Crossing  at  New  Orleans 

The  City  of  New  Orleans  has  recently  authorized 
the  appointment  of  a  Board  of  Advisory  Engineers  of 
the  Public  Belt  Railroad  Commission  for  the  purpose 
of  investigating  the  physical  and  financial  feasibility 
of  a  new  bridge  or  tunnel  crossing  of  the  Mississippi 
River  at  or  in  the  vicinity  of  New  Orleans,  and  the 
pcssibilities  of  united  terminal  development,  both  pas- 
.-^enger  and  freight,  through  the  agencv  of  the  Public 
Belt  Railroad. 

The  Board  consists  of  four  members:  Lt.  Col.  Bion 
.1.  Arnold.  Transportation  Engineer,  of  Chicago.  Chair- 
man;  Dr.  J.  A.  L.  Waddell.  Bridge  Engineer,  of  Kansas 
City;  Mr.  .J.  Vipond  Davies,  Tunnel  Engineer,  of  New 
York;  and  Mr.  A.  F.  Barclay,  Engineer  of  the  Public 
Belt  Railroad  Commission,  Secretary.  The  Board  is 
working  under  the  general  direction  of  the  Bridge  and 
Tunnels  Committee  of  the  Commission,  Mr.  William  B. 
Bloomfield,  Chairman. 

The  possibilities  of  bridge  and  tunnel  construction 
will  be  investigated  by  Dr.  Waddell  and  Mr.  Davies 
respectively,  and  the  problem  of  terminal  development 
;<nd  general  co-ordination  of  facilities  will  be  studied 
by  Col.  Arnold.  The  Board  as  a  whole  is  instructed  to 
submit  a  report  by  Jan.  1,  1919. 

The  field  work  has  already  commenced  and  is  in 
rharge  of  Mr.  J.  R.  Bibbins,  of  Chicago,  Mr.  Charles 
K.  Allen,  of  Kansas  City,  and  Mr.  A.  R.  Archer,  of  New 
Yrrk,  resident  engineers  and  representatives  of  the 
respective  consulting  engineers  in  the  Board.  The 
problem  presented  is  complex  not  only  by  reason  of 
the  physical  dimensions  of  tha  crossing  project  and 
foundation  difficulties  encountered  in  the  Mississippi 
bottoms  arr)und  New  Orleans,  but  also  due  to  the  dis- 
prsition  of  present  railroad  operations,  traffic  and 
rates  in  the  Mississippi  Valley  and  the  possible  eff'ect 
in  the  future  fif  railroad  reorganization  brought  about 
by  war  conditions.  The  project  as  a  whole  is  designed 
for  permanent  improvement,  having  in  mind  the  de- 
velopment q^<Hle  New  Orleans  District  as  far  ahead  as 
1950. 


The  Advant-aj^es  of  Flat-Slab  Con- 
struction for  Bridges' 

By  A.  B.  COHEN, 

\-MM..nt  Kiiyinccrin-Lliarijc  Concrete  Dt5i«n,  the  Dela- 
ware, L.-ick;iwaiiiia  &  \N  citcrn  K.  K.,  Hoijoken,  N.  J. 

Principal  Advantaufs.— It  is  the  object  of  this 
paper  to  show  that  the  Mat  slab  can  be  utilized  with 
ellectiveness  and  advantage  in  carrying  heavy  rail- 
way loadings  in  the  construction  of  viaducts  and  es- 
pecially bridges  of  lesser  magnitude  where  the  re- 
quired span  length  is  not  prohibitive.  All  forms  of 
concrete  construction  have  this  limitation. 

The  principal  advantages  of  the  ffat  slab  compared 
with  all  other  forms  of  reinforced  concrete  and  other 
fireproof  construction  are  embodied  in  the  simplicity 
of  both  the  formwork  and  arrangement  of  the  rein- 
forcing steel.  The  first  cost  of  construction  has  been 
so  reduced  thereby  as  to  put  structural  steel,  in  com- 
petition with  the  fiat  slab  within  its  limitations,  sub- 
stantially out  of  consideration;  furthermore,  with  the 
concrete  construction  lower  maintenaiice  charges 
prevail  and  greater  permanency  is  obtained.  The 
simple  arrangement  of  the  reinforcing  steel,  laid  over 
a  practically  unbroken  flat  surface,  insures  a  more 
positive  placement  of  the  reinforcing  bars  than  the 
general  beam  and  slab  design  in  concrete. 

In  addition  to  the.se  general  advantages  of  the  flat- 
slab  construction,  the  salient  advantages  re.-iulting 
from  its  adaptation  to  railway  structures  will  be 
brought  out  in  subsequent  description  and  illustra- 
tions of  actual  e.\amples.  There  is,  however,  one  out- 
standing feature  of  the  flat-slab  system  which  in  the 
writer's  opinion  is  of  most  vital  importance  in  rein- 
forced-concrete  construction.  By  reason  of  its  uni- 
form cross-secticn  and  continuity  of  the  reinforce- 
ment, there  is  no  other  type  of  reinforced  concrete 
that  is  better  proportioned  to  resist  shrinkage  and 
thermal  changes.  Structures  of  the  flat  slab  have 
been  built  in  surprisingly  great  lengths  without  the 
incorporation  of  a  single  e.xpansion  joint  and  have 
succe.ssfully  resisted  the  very  severe  strains  of  these 
stresses.  By  the  insertion  of  an  additional  amount 
of  reinforcing  steel  across  con.struction  joints,  a  con- 
stant tensile  resistance  can  be  maintained  which  has 
the  eff"ect  of  preventing  cumulative  action  of  the 
stresses  at  any  particular  section;  the  strain  is  dis- 
tributed unformly  throughout,  resulting  in  an  infinite 
number  of  minute  cracks  that  do  not  impair  the 
strength  of  the  structure. 

Our  experience  does  not  extend  over  a  sufficient 
length  of  time  to  ascertain  definitely  what  eflTect  the 
repeated  action  due  to  temperature  changes  will  even- 
tually have  on  the  strength  of  the  structures.  How- 
ever, very  close  ob.servation  of  existing  flat-slab  struc- 
tures, in  ser\'ice  from  3  to  6  year.s,  have  disclcsed  no 
deleterious  effect  due  to  these  causes.  The  minute 
cracks  found  were  of  no  greater  concern  than  those 
developing  on  the  tension  side  of  a  beam  long  before 
the  steel  has  reached  full  working  strtss. 

By  way  of  comparison  in  this  regard,  to  show  the 
difficulties  encountered  in  other  types  of  concrete  con- 
struction, consider  the  special  arrangements  in  the 
manner  of  e.xpansion  and  sliding  joints  that  are  nec- 
essary and  not  always  efficacious  in  large  concrete- 
arch  viaducts  or  in  viaducts  of  the  column,  beam  and 
slab  design.  In  the  viaducts  consisting  of  a  series 
cf  large  main  arches  surmounted  by  transverse  span- 
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drel  walls  supporting  a  floor  system,  the  vertical 
movement  of  the  heavy  arch  ring,  for  a  rise  and  fall 
of  temperature,  is  transferred  to  the  floor  system. 
This  very  appreciable  vertical  movement  must  be  re- 
sisted by  the  comparatively  light  floor  in  addition  to 
its  own  changes  in  a  horizontal  plane.  In  the  case  of 
the  beam  and  slab  design  the  constituent  members 
have  different  sections  and  therefore  offer  varying 
degrees  of  tensile  resistance.  There  arises  the  diffi- 
culty of  transferring  the  movement  from  the  larger 
through  the  smaller  members,  as  from  the  deep  beams 
through  the  thin  slab,  which  is  not  always  satisfac- 
torily controlled. 


located  near  the  business  and  manufacturing  centers. 
This  entire  layout  for  handling  freight  is  carried  on 
an  elevated  structure  to  meet  the  municipal  require- 
ments that  no  grade  crossings  should  exist.  Flat- 
slab  deck  construction  gave  the  greatest  possibilities 
of  storage  development,  making  available  520,000  sq. 
ft.  on  the  ground  surface  underneath  the  deck  for  this 
purpose.  The  flat  slab  showed  advantages  of  lower 
cost,  lower  maintenance  and  greater  permanence  as 
compared  with  structural  steel.  From  a  railroad 
point  of  view  the  outstanding  feature  of  the  design  is 
the  possible  flexibility  in  the  track  layout  since  the 
structure   is   designed  to   carry   any   arrangement   of 


Fig.   1 — Details  of   Flat  Slab   Bridge  Constructed   at  Central   Ave.,     Orange,  N.  J.,  by  the  Delaware,  Lackawanna  &  Western  R.  R. 


There  are  many  advantages  in  addition  to  that  of 
economy  to  be  gained  by  this  type  of  construction.  It 
permits  of  more  effective  architectural  treatment; 
because  of  the  shallow  floor  depth  the  track  can  be 
laid  in  ballast  which  is  a  very  important  consideration 
in  track  construction;  there  are  no  girders  projecting 
above  the  deck  to  encroach  upon  the  lateral  clear- 
ance or  to  interfere,  as  in  this  case,  with  the  construc- 
tion of  the  platform;  the  rigidity  of  the  structure  is 
noteworthy  since  no  noticeable  vibration  is  developed 
with  the  simultaneous  passing  of  heavy  locomotives 
at  high  speed  on  all  three  tracks;  by  reason  of  the 
rigidity  and  of  the  ballasted  floor,  the  rumbling  noises 
common  to  structural  steel  bridges  are  very  much  sub- 
dued. 

The  First  Flat-Slab  Railway  Bridge.— In  1912-1913 
the  first  and  so  far  the  most  extensive  application  of 
the  flat-slab  system  for  carrying  railway  loadings 
was  made  in  Chicago  with  the  erection  of  the  Soo 
Line  Freight  Terminal. 

The  yard  area  required  for  this  improvement 
amounted   to   I8V2    acres,   comprising   11   city   blocks 


tracks  on  12-ft.  centres.  This  was  obtained  with  very 
little  additional  cost  over  a  fixed  position  of  tracks 
and  driveways.  It  was  in  this  structure  that  those 
responsible  for  the  design  decided  that  no  expansion 
joints  were  necessary  and  their  judgment  seems  to 
have  been  justified. 

The  Lackawanna  Terminal  at  BuiTalo. — The  highly 
satisfactory  results  obtained  with  the  flat-slab 
system  at  the  Soo  Line  Terminal  at  Buffalo  prompted 
its  consideration  and  adoption  by  the  Delaware, 
Lackawanna  &  Western  R.  R.  in  the  recent  con- 
struction of  a  viaduct  approach  to  the  station  of  the 
new  terminal  improvement  at  Buffalo,  N.  Y.  The  via- 
duct, 154  ft.  in  width  and  1,070  ft.  in  length,  supports 
a  structural  steel  trainshed,  platforms,  and  seven 
tracks  on  ballasted  floor.  For  reasons  analagous  to 
those  cited  in  the  first  example,  deck  construction  was 
admirably  adapted  to  the  maximum  development  of 
full  terminal  facilities  in  a  very  limited  area.  This 
new  layout  is  located  alongside  the  Buffalo  River. 
Docking  facilities  are  for  Great  Lake  steamers  which 
can    be    unloaded    directly    under   cover   of   the    slab 
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where  storage  and  other  .shipping  facilities,  including 
the  express  companies,  are  available.  Two  tracks  are 
located  on  the  dock  level  which  connect  hy  means  of 
the  subway  and  ramp  tracks,  with  the  main  line  tracks 
on  the  upper  level.  Passenger  traffic  is  discharged  on 
the  upper  level  precluding  interference  with  other 
station  appurtenances  best  located  on  the  ground 
level. 

The  entire  structure  is  supported  on  timber  piles 
and  gravity  footings.  A  precautionary  measure  was 
taken  to  prevent  possible  movement  of  piles  by  con- 
necting all  the  piers  in  both  longitudinal  and  trans- 
verse direction  with  reinforced-concrete  beam  structs 
or  ties,  thus  insuring  lateral  stability.  Single  drop 
panels  connect  corresponding  columns  of  bents  1  and 
2  to  reinforce  the  end  section  to  take  impact  trans- 
ferred from  the  bumping  post  which  is  anchored  to 
the  slab.  The  perfectly  flat  unobstructed  floor  sim- 
plified the  waterproofing  treatment  which  consists  of 
a  membrane  composed  of  two  layers  of  cotton  cloth 
saturated  and  applied  with  hot  asphalt  and  protected 
by  a  cover  of  asbestos  paper  and  two  -'i-in.  layers  of 
asphalt  mastic.  Only  one  expansion  joint  was  pro- 
vided and  this  placed  at  bent  31  where  the  slab  begins 
to  narrow  down  from  the  seven-track  to  the  two-track 
width  at  the  easterly  end.  The  joint  was  deemed  nec- 
essary here  for  the  reason  that  the  narrow  section 
would  not  offer  the  same  tensile  resistance  to  temper- 
ature changes  as  would  the  wider  section.  An  accu- 
mulation of  stress  might  reasonably  be  expected  some- 
where in  the  narrow  section  if  no  expansion  joint 
were  provided  which  might  result  in  cracks  of  suffi- 
cient magnitude  to  impair  the  strength  of  the  viaduct. 
It  might  be  noted  here  that  the  only  cracks  so  far 
developed  have  occurred  in  the  side  panel  under 
tracks  1  and  2  between  bents  24  and  25. 

Flat  Slab  Construction  at  Street  Crossings. — In 
continuation  with  the  improvement  through  South 
Orange,  and  following  extensive  plan.*!  to  eliminate  all 
grade  crossings  through  its  highly  developed  sub- 
urban sections  in  New  Jersey,  the  Lackawanna  R.  R. 
has  elevated  tracks  through  the  adjoining  city  of  Or- 
ange. Here  23  more  or  less  dangerous  crossings  have 
been  eliminated.  In  this  work  concrete  was  used 
almost  exclusively  in  the  construction  of  bridges. 

The  same  advantages  that  accrue  from  the  use  of 
flat  slab  construction  covering  large  areas  prevail  for 
smaller  structures.  Fig.  1  illustrates  its  application 
to  a  small  type  3-track  bridge  built  on  the  Orange 
improvement  over  Central  Ave.  100  ft.  in  width.  Col- 
umns on  the  curb  and  along  the  centre  line  of  the 
driveway  divide  the  deck  into  eight  rectangular  pan- 
els, two  in  the  width  and  four  in  the  length  of  the 
structure,  with  dimensions  as  shown  in  cross-sections 
of  Fig.  1. 

The  simplicity  of  the  structural  details  of  the  flat 
slab  offers  an  opportunity  to  correct  the  troublesome 
conditions  encountered  in  bridge  abutment  construc- 
tion. The  writer  calls  attention  to  the  abutment  de- 
velopment of  the  Central  Ave.  bridge  which  resulted 
from  the  conception  of  maintaining  throughout  the 
deck  the  positive  plate  action  attributable  to  the  flat 
slab.  This  was  to  be  effected  by  an  end  column  sup- 
port to  replace  the  somewhat  complex  action  in  sup- 
porting the  slab  en  the  full  width  of  the  abutment. 
The  columns  are  set  inrecesses  built  in  the  abutments 
as  shown  in  sections  A-A  and  B-B,  Fig.  1,  and  also  in 
the  isometric  drawing  of  the  corner  column,  which 
shows  the  sequence  of  the  construction.  The  slab  is 
cantilevered  beyond  the  abutment,  and  built  integ- 
rally with  the  slab  is  the  suspended  beam  or  apron 


which  is  to  prevent  the  back  fill  and  drainage  from 
percolating  through  the  construction  joints.  The 
cantilever  has  a  theoretical  significance  in  giving 
greater  balance  in  resistance  to  the  negative  move- 
ment over  the  columns.  The  abutment  is  in  fact  a 
retaining  walls,  since  it  takes  no  slab  reaction,  and  it 
was  possible  to  reduce  its  section  for  the  reason  that 
the  suspended  apron  of 'the  slab  reduces  to  a  consid- 
erable extent  the  live-  and  dead-load  surcharge  pres- 
sure against  the  back  of  the  wall.  The  reduction  in 
concrete  is  a  saving  over  ordinary  concrete  bridge 
abutments  and  an  appreciable  saving  over  the  massive 
abutments  required  in  support  of  structural  steel 
bridges,  where  the  top  width  is  fixed  by  wide  bearing 
plates,  or  shoes,  and  a  back  wall.  The  wide  bridge 
seat  retains  water,  snow  and  ice,  which  are  sources  of 
much  trouble  resulting  from  their  marked  deteriorat- 
ing action  on  the  steel  and  concrete.  Here  again  it 
is  to  be  noted  that  the  waterproofing  details  are  re- 
duced to  the  very  simplest  arrangement. 

Relative  to  the  comparison  of  the  cost  of  structural 
steel  with  the  flat  slab  for  the  small  type  railway 
bridge,  it  has  been  found  in  a  number  of  estimates 
that  a  very  appreciable  difference  existed  in  favor  of 
the  flat  slab.  The  statement  that  the  cost  of  struc- 
tural steel  in  one  case  exceeded  the  cost  of  the  flat 
slab  by  200  per  cent  may  seem  somewhat  surprising. 
This  result  was  obtained  where  deck  construction 
would  have  been  required  on  account  of  a  yard  layout 
involving  crossovers  on  the  bridge,  and  a  shallow  floor 
depth  made  necessary  because  of  close  vertical  clear- 
ances. The  estimate  included  the  price  of  structural 
steel  at  its  high-water  mark.  The  appreciable  saving 
augmented  by  the  present  high  price  of  structural 
steel,  which  is  likely  to  continue  for  some  time,  should 
give  added  impulse  to  the  consideration  of  flat-slab 
construction. 

From  the  standpoint  of  appearance  and  quantities 
involved  a  specific  comparison  of  the  flat-slab  bridge 
can  be  made  with  a  flat-top  bridge,  the  deck  of  which 
is  the  common  slab  of  rectangular  cross-section  rein- 
forced in  the  one  direction  for  continuous  action  over 
a  series  of  piers.  An  example  of  the  latter  type  spans 
Waverly  Place  in  track  elevation  through  Madison, 
N.  J.  The  spans  of  this  bridge  are  almost  identical 
with  the  spans  over  Central  Avenue,  since  here  the 
street  is  also  100  ft.  in  width,  but  the  slab  reinforced 
in  one  direction  is  12  in.  deeper  than  the  four-way 
reinforced  slab  of  Central  Ave.  bridge,  exclusive  of 
the  drop  panel.  If  this  type  were  used  at  Central 
Ave.  at  the  same  unit  prices,  its  cost  would  exceed 
that  of  the  present  structure  by  25  per  cent.  The 
noticeable  advantage  of  the  Central  Ave.  bridge  is  the 
clearer  vision  beyond  the  bridge  obtainable  from  all 
angles  of  approach. 

Erecting  During  TraflSc, — The  most  important  con- 
sideration in  the  construction  of  the  small  type  rail- 
way bridge  on  an  established  alignment  is  to 
maintain  traffic  without  interruption  during  the 
operation.  This  is  handled  in  a  number  of  ways. 
Where  the  topography  will  permit,  the  align- 
ment is  shifted  temporarily  in  order  that  the  bridge 
might  be  built  clear  of  traffic,  in  part  or  in  its  entirety. 
Where  the  right-of-way  is  of  limited  width  and  the 
tracks  cannot  be  shifted,  a  timber  pile  bent  trestle  of 
12-ft.  spans  is  driven  under  traffic  and  between  these 
bents,  after  the  excavation  has  been  made  the  abut- 
ment and  piers  only  of  the  new  bridge  can  be  built. 
Long  temporary  through  girders  are  often  used  to 
span  out  to  out  of  the  new  abutment  lines  in  order 
that  the  entire  bridge  may  be  built  underneath.     If  no 
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old  girders  are  available  and  the  only  solution  is  the 
timber  trestle  there  arises  the  exclusion  of  the  flat- 
slab  construction,  for  the  reason  that  the  floor  system 
of  the  new  bridge  must  be  erected  beyond  the  bridge 
site,  either  in  units  or  in  the  whole,  followed  by  a 
quick  removal  of  the  trestle  stringers  and  the  installa- 
tion of  the  completed  floor  system  on  the  new  masonry 
during  hours  of  least  traffic. 

This  very  important  consideration  of  construction 
may  be  satisfied  by  dividing  the  work  into  two  parts 
along  the  construction  joint.  This  joint  is  placed 
without  weakening  the  strength  of  the  slab  and  so 
that  one-half  can  be  built  first  without  interference 
with  traflic.  The  main  line  tracks  there  can  be 
shifted  temporarily  to  the  completed  half  which 
gives  clear  field  for  the  removal  of  the  old  bridge 
and  completion  of  the  new  structure.  The  bulkheads 
of  the  construction  joint  are  arranged  to  be  prac- 
tically normal  to  the  bands  of  reinforcement. 

The  measure  of  the  advantage  in  cost  of  the  flat- 
slab  railway  bridge,  compared  with  other  types, 
varies  considerably  and  is  dependent  upon  the  condi- 
tions at  hand.  There  seems  to  be.  no  question  con- 
cerning the  architectural  and  structural  advantages, 
the  latter  results  in  less  maintenance  and  greater 
permanence.  Of  measurable  value  is  the  simplicity 
of  design  and  the  expediency  with  which  the  con- 
struction can  be  carried  on.  Its  flexibility  offers  much 
opportunity  in  overcoming  and  simplifying  inherent 
complications  of  the  small  type  railway  bridge. 


Pre-Cast   Concrete   Industrial 
Houses 

Workmen's  houses  constructed  of  "shop  made"  con- 
crete have  been  erected  recently  for  employes  of  the 
No.  5  plant  of  the  Alpha  Portland  Cement  Co.,  at 
Manheim.  W.  Va.  The  houses  vary  from  the  5-room 
semi-bungalow  type  to  the  cottage  type  of  6  rooms 
and  bath.  They  were  erected  by  the  Simpson-Craft 
system,  which  permits  the  construction  of  reinforced 
concrete  practically  without  forms,  the  greater  por- 
tion of  the  work  being  pre-cast  of  minimum  sections, 
made  with  the  idea  of  using  common  labor  in  erec- 
tion. 

The  construction  consists  of  wall  .-.nd  floor  slabs, 
together  with  belt  and  sill  courses,  floor  beams  and 
roof  rafters  made  of  standard  sections  and  sizes  for 
individual  pieces.  They  may  be  assembled  in  any 
combination  desired,  so  that  while  each  building  is 
made  up  of  standard  units,  the  general  design  may 
be   varied,   making   it   possible    to    produce    a    large 


The  First  Welded  Steel  Vessel  Launched 
in  Great  Britain 

The  first  rivetless  steel  vessel  built  in  a  shipyard 
operated  by  the  Inland  Waterways  and  Docks  Sec- 
tion of  the  Royal  Engineers  of  Great  Britain  was 
launched  last  month.  The  following  details  regard- 
ing this  ship  are  given  in  a  recent  U.  S.  Consular  Re- 
port: 

Instead  of  riveting  and  calking  the  plates,  they  are  joined 
together  in  one  process  by  electric  welding.  This  means  that 
the  plates  are  held  together  temporarily  by  bolts,  and  that  the 
joint  is  then  submitted  to  local  heat  by  means  of  an  electric 
arc,  so  that  the  two  plates  are  fused  together.  Though  the 
process  itself  :s  not  new,  as  certain  auxiliary  work  on  ships  has 
been  done  by  electric  welding  in  the  past,  considerable  de- 
velopments have  been  made  in  the  last  12  months,  and  this  is 
the  first  time  that  a  vessel  has  been  produced  entirely  by  the 
new  method.  Its  general  adoption  would  speed  up  production, 
more  particularly,  in  the  assembly  of  bulkhead  deck  structures, 
fittings,  and  other  interior  work.  It  is  computed  from  the  re- 
suits  obtained  on  this  experimental  vessel  and  other  admiralty 
work  that  a  saving  of  20  per  cent  or  possibly  25  per  cent  could 
be  affected  in  both  time  and  material. 

The  United  States  Shipping  Board  have  been  in  close  touch 
with  this  experimental  work,  with  the  result  that  arrangements 
are  in  hand  for  the  manufacture  of  a  number  of  10,000-ton 
standard  ships,  in  the  production  of  which  "riveters"  will  be- 
come "welders."  While  the  first  vessel  just  launched  is  rivet- 
less,  it  is  calculated  tjiat  these  large  vessels  will  only  have 
about  21/4  per  cent  of  the  originally  intended  number  of  rivets. 
It  is  seen,  therefore,  that  in  nearly  all  circumstances  the 
electric  welding  process  can  be  satisfactorily  used.  In  the 
vessel  just  launched  the  "shell"  up  to  and  including  the  bottom 
seam  of  the  bilge  plate,  is  continuously  welded  inside  and  out. 
The  cross  seams  are  similarly  treated.  The  outside  is  con- 
tinuously welded  and  the  inside  "tack"  welded.  "Tack"  welding 
means  welding  a  short  section,  say,  3  in.,  and  then  skipping 
another  section  of  about  twice  as  much.  The  frames,  floors, 
deck  brackets,  and  nonwater-tight  bulkheads  are  all  "tack" 
welded;  the  water-tight  bulkheads  are  continuously  welded.  In 
the  case  of  the  deck  plates,  "butt"  welding  (i.  e.,  the  plates 
arranged  end  to  end,  without  any  overlap)  has  been  adopted. 
In  the  construction  outlined  it  is  considered  that  a  good  margin 
of  safety  has  been  allowed. 


Precast   Beams   and  Slabs. 

number  of  buildings,  using  the  standard  units,  but 
varying  the  exterior  treatment. 

The  pre-cast  sections  of  the  buildings  are  made  on 
casting  tables  or  in  moulds.  This  may  be  done  either 
at  the  building  site  or  in  the  yard  or  shop,  and 
shipped  to  the  site.  If  they  are  shipped,  the  sections 
may  be  packed  in  fine  broken  stone,  sand  or  gravel, 
and  the  latter  may  be  used  at  the  site  as  an  aggre- 
gate forming  the  studs,  which  are  field-cast  and  form 
the  binding  element  for  the  buildings.  All  of  the 
pre-cast  members  entering  into  the  construction  are 
so  designed  that  the  metal  with  which  they  are  rein- 
forced projects  beyond  the  end  or  edge  of  the  pieces. 
In  assembling  the  pre-cast  sections  in  the  buildings, 
they  are  spaced  at  intervals  on  the  walls,  leaving  a 
space  between  the  two  sides  of  sections,  and  are  then 
clamped  together  temporarily  by  means  of  channel 
shaped  wood  or  metal  forms  covering  the  two  open 
sides  of  the  intervening  spaces  and  forming  a  pocket 
into  which  reinforced  bars  are  placed..  The  inside 
face  of  these  pockets  has  a  series  of  holes  spaced 
about  7  in.  on  centers,  into  which  are  placed  large 
wire  hairpins.  The  pockets  formed  by  the  forms  are 
filled  with  concrete,  forming  the  studs  of  the  build- 
ing and  binding  all  parts  together. 

The  reinforced  concrete  beams  of  the  floor  con- 
struction, which  are  pre-cast,  rest  on  the  top  of  the 
wooden  forms  of  the  studs,  the  ends  of  the  concrete 
beams,  with  their  reinforcements,  projecting  into  the 
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pockets.  When  the  casting  is  complete,  the  end  of 
the  beam  rests  directly  upon  the  stud,  and  is  se- 
curely anchored. 

L'pon  the  removal  of  the  field  forms,  heavy  water- 
proof buildinjf  paper  is  placed  anainst  the  inside  face 
of  the  studs,  bejjinninjr  at  the  ceilinj?  line  and  work- 
ing down  toward  the  tioor,  lapping  the  paper  4  in.  at 
each  joint,  and  securing  the  edges  to  the  windo.v  and 
door  frames.  After  this  paper  has  been  applied,  hy- 
rib  self-centering  or  other  ribbed  lath,  is  placed 
with  the  ribs  against  the  paper,  forcing  the  ends  of 
the  hairpin  through  the  opening  in  the  lath.  Through 
these  openings   is  then   placed   a   heavy   wir?  or  ten- 


concrete  rafters.  Where  cement  tile  is  used  for  roof- 
ing, the  tile  may  be  laid  directly  upon  the  reinforced 
concrete  roof  slabs.  For  other  types  of  roof  cover- 
ing, dovetailed  lath  are  built  into  the  top  surface  of 
the  rooting  slabs,  forming  nail  spaces  for  the  roof- 
ing material. 

The  foundation  walls  may  be  either  a  solid  8-in. 
concrete  wall  on  top  of  a  concrete  footing,  or  formed 
in  the  same  manner  as  the  walls  in  the  building 
above  grade.  In  the  latter  ca.se,  however,  the  slabs 
forming  the  walls  would  be  2  in.  thick  instead  of  l'^, 
which  is  the  standard  thickness  of  the  wall  slabs. 

Many  designs  of  surfaces  for  outside  walls  may 
lie  obtained  by  the  use  of  selected  aggregate.  The 
standard  method  is  to  finish  the  slabs  under  wood 
lioat,  touching  up  the  edges  of  the  studs  after  they 
have  been  cast  in  the  field. 

Dry  joints  are  used  in  assembling  all  the  parts, 
though  in  casting  the  studs,  all  parts  of  the  building 
are  thoroughly  grouted,  forming  a  construction  an- 
alogous to  the  placing  of  panels  in  the  doors. 


Coirpleted   House.     Upper  Wall   S'ab   and   Part  of   Floor  Beam    Are 
Shown    In    Foreground. 

penny  nail,  and  the  loops  of  the  hairpin  twisted  down 
onto  the  wire,  thus  anchoring  the  lath  permanently 
to  the  stud.  The  same  method  is  used  in  securing 
the  lath  to  the  ceilings,  though,  if  desired,  the  paper 
may  be  omitted. 

flrounds  for  the  securing  of  wooden  base,  picture 
moulds,  etc.,  are  secured  to  the  lath,  or  "spot" 
grounds  may  be  used  for  this  purpose;  the  walls  and 
ceilings  are  then  ready  for  plastering.  Studs  for  the 
interior  partitions  are  all  pre-cast.  Reinforcement 
for  these  studs  project  from  the  upper  ends,  the  stud 
being  of  full  height  between  the  top  of  the  Moor  slabs 
on  which  it  rests  and  the  under  side  of  the  tloor 
beams.  Between  the  top  of  these  studs  and  the  top 
of  the  tloor  beams,  a  distance  of  12  in.,  is  cast  a  gir- 
der or  plate,  binding  the  ends  of  the  lloor  beams  to- 
gether and  distributing  the  load  over  the  studs.  This 
permits  of  the  variations  in  spacing  of  the  studs 
for  door  openings,  etc. 

Roofs  may  be  formed  in  a  manner  similar  to  the 
floors,  using  slabs  directlv  on  top  of  the  reinforced 
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To  L  tilize  Colleges  to  Maintain  Reservoir 
of  Officer  Material 

Plans  for  organization  of  a  student  army  training 
corps  in  the  educational  institutions  of  the  country 
to  train  men  as  officers  and  technical  experts  in  the 
army  were  approved  last  week  by  Gen.  March,  chief 
(if  staff,  by  order  of  the  Secretary  of  War.  The  plan 
will  utilize  the  plant,  equipment,  and  organization  of 
:l'.e  colleges  to  maintain  a  reservoir  of  oflicer  mate- 
rial for  training. 

The  length  of  time  during  which  men  will  be  trained 
in  the  colleges  will  depend  upon  the  needs  of  the  serv- 
ice. As  fast  as  one  group  is  drawn  into  the  service 
its  place  will  be  taken  by  a  new  quota  obtained  by 
\  oluiitary  induction  or  through  the  draft.  In  this  way 
the  educational  facilities  of  the  country  will  be  used 
to  maintain  a  constant  supply  of  men  trained  to  meet 
the  needs  of  the  army. 

Under  the  regulations  provided  for  the  student 
urmy  training  corps  selected  young  men  who  are 
|)hysically  fit  for  military  service,  who  are  18  years  of 
age  or  over,  and  who  have  had  a  grammar  school  ed- 
ucation, may  voluntarily  be  inducted  into  the  army 
and  enter  upon  a  course  of  special  training.  Those 
who  have  had  a  grammar  school  education,  but  no 
more,  will  ordinarily  enter  special  training  detach- 
ments to  be  trained  along  mechanical  lines  of  mili- 
tary value.  These  detachments  will  become  a  part 
ot  the  student  army  training  corps  and  young  men 
\>ho  prove  in  the  course  of  their  mechanical  training 
that  they  are  olficer  material  may  he  transferred  to  a 
unit  in  one  of  the  colleges  to  be  prepared  to  enter  a 
central  officers'  training  camp. 

Young  men  who  have  had  at  least  a  high  school  ed- 
ucation will  be  allowed  to  enter  the  colleges  for  more 
advanced  training  as  officers  and  as  technical  experts 
of  various  kinds,  iiccording  to  their  experience  and 
ability. 

Those  men  who  show  promise  under  this  training 
will  oe  kept  in  college  until  qualified  to  enter  central 
officers'  training  camps  or  to  go  directly  int  >  tlie  ."erv- 
ice  ns  technical  experts.  Those  who  do  no:  will  be 
se'it  either  to  non-conmiissioned  officers'  schools  or  to 
the  nearest  depot  lirigade,  or,  in  case  they  show  special 
technical  or  mechanical  ability,  to  the  detachments 
where  men  are  trained  for  such  work. 
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Selecting  an  Economic  Paint* 

By  ROBERT  JOB. 

Paint  is  described,  in  a  general  way,  as  the  mix 
ture  of  finely-divided  particles  of  solid  matter,  called 
the  "pigment,"  in  a  liquid,  called  the  "vehicle."  As- 
phalt paint  is  merely  solid  asphaltum  dissolved  in 
benzine  or  some  other  vehicle. 

The  "pigment"  functions  to  hide  the  surface  over 
which  the  paint  is  applied,  to  resist  the  action  of 
weather  and  wear,  and  give  color.  The  selection  of 
the  most  suitable  pigment  or  combination  of  pig- 
ments depends  very  largely  upon  the  relative  impor- 
tance of  these  functions  under  the  conditions  for 
which  the  paint  is  intended  to  be  used. 

The  "vehicle"  functions  as  the  carrying  and  ce- 
menting body,  and  dries  and  binds  together  the  solid 
particles  of  pigment  in  somewhat  the  same  way  that 
Portland  cement  and  water  unite  sand  and  broken 
stone  to  form  concrete. 

The  study  of  paints  was  given  great  impetus,  about 
1890,  through  the  published  investigations  of  Dr. 
Charles  B.  Dudley,  for  many  years  the  able,  widely- 
known,  and  respected  chemist  of  the  Pennsylvania 
Railroad.  In  his  studies,  among  other  things,  the 
properties  of  paint  materials  were  systematically  in- 
vestigated, and  what  was  learned  brought  about 
radical  changes  in  the  composition  and  manufacture 
of  paints.  The  Pennsylvania  Railroad  gained  much 
valuable  information  as  the  result  of  Dr.  Dudley's 
work.  It  was  clearly  realized,  for  example,  that  the 
effectiveness  of  a  paint  did  not  by  any  means  de- 
pend upon  its  cost  per  gallon  or  pound.  As  a  mat- 
ter of  fact,  it  was  proven  that  some  of  the  most  dura- 
ble paints  could  be  obtained  at  a  minimum  cost. 

Size  of  Pigment  Particles.— The  size  and  form  of 
the  particles  of  the  pigment  were  shown  to  have  a 
great  influence  upon  the  life  of  a  paint  coating, 
though  this  subject  had  not  previously  received  any 
attention.  A  brief  description  of  a  case  that  clearly 
illustrates  this  point  may  be  of  interest: 

Two  bridge  paints  had  been  used  upon  the  lines 
of  the  Philadelphia  &  Reading  Ry.  for  a  period  of 
about  10  years.  These  paints  were  made  by  the  same 
manufacturer,  and  contained  almost  the  same  pro- 
portions of  the  same  materials.  Though  they  were 
exposed  side  by  side  and  under  like  conditions  all 
along  the  road,  one  of  them  became  known  for  its 
good  service  and  the  other  for  very  poor  service. 
The  life  of  one  was  twice  that  of  the  other.  The  dif- 
ference between  the  service  rendered  by  these  paints 
was  so  marked  that  we  determined  to  get  at  the  real 
causes,  so  as  to  bring  the  quality  of  all  our  paint  de- 
liveries to  the  same  high  standard  of  durability  rep- 
resented by  the  better  paint.  The  discovery  that  the 
main  difference  between  the  two  paints  was  in  the 
relative  size  of  the  particles  of  the  pigments  re- 
sulted from  this  investigation.  In  the  long-lived 
paint  these  particles  ranged  from  two  to  ten  ten- 
thousandths  of  an  inch  in  diameter,  with  compara- 
tively few  of  the  maximum  sizes,  while  in  the  short- 
lived paint  the  diameters  ranged  from  two  to  one- 
hundred    and    eighty   ten-thousandths    of   an    inch. 

The  average  diameter,  as  nearly  as  we  could  esti- 
mate, of  the  particles  of  the  pigment  of  the  satisfac- 
tory paint  was  four  ten-thousandths  of  an  inch, 
against  eighty  ten-thousands  of  an  inch  for  the  un- 
satisfactory paint;  and,  as  the  volumes  of  spheres 
are  to  one  another  as  the  cubes  of  their  diameters,  it 
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follows  that  the  average  particle  of  the  pigment  of 
the  good  paint  was  eight  thousand  times  smaller  in 
volume  than  that  of  the  bad. 

The  composition  of  these  two  paints  was  about  75 
per  cent,  oxide  of  iron,  combined  with  inert  matter, 
such  as  clay  and  gypsum,  as  a  filler,  ground  in  pure 
linseed  oil,  with  a  small  proportion  of  Japan  drier, 
as  a  vehicle.  The  details  of  the  investigation  may 
be  found  in  the  Journal  of  the  Franklin  Institute  for 
July,   1904. 

The  reason  why  this  difference  in  the  size  of  the 
particles  of  pigment  makes  so  marked  a  showing  in 
the  service  of  the  two  paints  is  that  where  the  par- 
ticles are  coarse,  relatively  large  oil  spaces  sur- 
round them;  and  as  linseed  oil  is  by  no  means  water- 
proof, as  we  have  mentioned,  the  effect  of  the  weather 
is  soon  noticed  in  such  paints.  Surface  tension  also 
operates  in  favor  of  the  paint  having  the  finer-par- 
ticled  pigment,  on  the  same  principle  that  fine  sand, 
when  wet,  holds  together,  where  coarse  sand  or. 
gravel  will  not. 

These  tests  demonstrated  that  some  of  the  most 
durable  paints  were  composed  of  the  simplest  and 
least  expensive  of  pigments,  and  created  a  good  deal 
of  interest  because  the  findings  ran  counter  to  the 
preconceived  idea  of  many  who  had  assumed  that  in 
order  to  be  really  good  and  give  long  service  a  paint 
must  be  composed  of  one  of  the  more  expensive  pig- 
ments, such  as  white  lead,  and  that  those  which  con- 
tained the  so-called  "inert  materials"  were  to  be 
looked  upon  as  "doped"  products.  Because  of  mis- 
branding and  wholesale  and  indiscriminate  adultera- 
tion the  manufacturers  were,  in  some  cases,  to  blame 
for  this.  For  example,  we  have  seen  a  supposedly  oil 
paint  that  contained  30  per  cent  of  water.  Another 
paint  labeled  "pure  white  lead"  contained  no  white 
lead.  Many  other  cases  could  be  cited,  and  it  is 
small  wonder  that  such  abuses  led  to  a  public  outcry 
and  legislation  that  was  sometimes  carried  too  far. 
It  became  necessary,  because  of  these  conditions,  to 
determine  the  truths  about  the  properties  and  char- 
acteristics of  the  different  paint  materials,  and  the 
work  was  finally  undertaken  by  the  Scientific  Sec- 
tion of  the  Paint  Manufacturers'  Association  of  the 
United  States.  A  fence  was  built  at  Atlantic  City 
and  several  hundred  panels  were  coated  with  paints 
of  different  formulae  in  order  to  determine  the  value 
under  exposure  to  the  weather  at  the  sea  shore  of 
the  more  important  materials  used  as  pigments,  and 
also  to  show  the  most  durable  combinations  of  the 
various  pigments  under  such  conditions.  Exposures 
were  made  on  both  iron  and  steel  panels  as  well,  and, 
subsequently,  test  fences  were  erected  in  other  parts 
of  the  country  in  order  to  get  varying  climatic  con- 
ditions. The  tests  were  made  under  the  supervision 
of  the  American  Society  for  Testing  Materials,  and 
a  vast  fund  of  information  regarding  the  service 
value  of  various  compositions  and  combinations  was 
obtained.  Materials  that  many  considered  as  adul- 
terants not  long  ago  are  now  known  to  have  a  definite 
value  in  the  design  of  high-grade  paints. 

Misrepresentation  still  exists  under  the  stress  of 
competition,  but  the  general  plane  of  the  paint  indus- 
try is  distinctly  better,  for  the  simple  reason  that  the 
principles  of  manufacture,  the  relation  between 
cause  and  effect  as  applied  to  paints,  and  the  proper- 
ties of  paint  materials,  are  all  far  more  thoroughly 
understood  than  was  the  case  even  at  the  beginning 
of  the  twentieth  century. 

Paint  Specifications. — It  will  be  clear  from  what 
has  now  been  said  that  in  order  to  be  serviceable  a 
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paint  must  be  composed  of  a  pigment  that  is  of  a 
character  well  adapted  to  the  conditions  under  which 
it  is  used;  that  this  material  must  be  in  the  most  ef- 
fective physical  condition,  and  must  be  carried  in  a 
vehicle  which  will  form  an  effective  bond  between  its 
particles,  and  at  the  same  tinie  be  as  nearly  weather- 
proof as  possible. 

The  spreading  quality  is  a  factor  that  should  be 
very  carefully  borne  in  mind  when  purchasing  paints. 
That  paint  having  the  pigment  composed  of  the  most 
finely  divided  particles,  other  things  being  equal,  will 
spread  farthest.  Specific  gravity  is  another  impor- 
tant factor,  and  should  be  studied  accurately  by  the 
purchasng  agent  who  is  buying  by  the  pound.  The 
paint  of  the  least  specific  gravity  will  be  the  greatest 
in  bulk;  and  it  is  bulk,  not  weight  that  counts  in 
determining  the  spreading  capacity  of  paint.s.  The 
labor  cost  of  applying  the  paint  is  usually  far  greater 
than  the  cost  of  the  paint  itself;  and  it  is  important 
to  remember  this  as  a  special  incentive  for  the  pur- 
chasing of  the  most  durable  paint  for  the  purpose. 

Specifications  for  various  types  of  paints  were  the 
natural  outcome  of  all  the  foregoing  investigations 
and  experiments  with  paints  and  paint  materials. 
Such  specifications  have  been  drawn  by  the  writer 
and  others  to  cover  paints  for  use  under  many  differ- 
ent conditions,  and  these  can  be  filled  by  any  manu- 
facturer who  is  willing  to  give  care  and  attention  to 
the  work.  Some  of  them,  in  fact,  now  carry  these 
preparations  in  regular  stcck. 

By  purchasing  wisely,  under  carefully-drawn  speci- 
fications, real  competitive  prices  that  represent  the 
true  market  value  of  the  paint  materials,  plus  a  rea- 
sonable allowance  for  the  costs  and  profits  of  manu- 
facturer, can  be  secured. 

Marked  economies  have  been  effected  by  some  of 
the  principal  railroads  and  by  many  smaller  users  of 
paints,  through  lowered  costs  and  increased  service, 
as  a  result  of  working  along  these  lines.  Large  pur- 
chasers know  they  cannot  afford  to  do  otherwise  than 
buy  according  to  specifications  specially  drawn  to 
cover  the  needs  of  the  service.  It  would  be  much  to 
the  advantage  of  many  of  the  smaller  purchasers  who 
use  quantities  that  would  warrant  the  small  e.xpense 
connected  therewith  if  they  would  do  likewise. 

Final  testing  is,  of  course,  absolutely  necessary,  for 
it  is  useless  to  buy  according  to  specifications,  or 
even  on  promises,  unless  the  paints  actually  deliv- 
ered are  tested  to  determine  whether  they  are  as 
spcified  or  represented. 


Engineers,  Town  Planners  and  Architects  .\ppoint- 
ed  for  Industrial  Housing  Projects. — The  Bureau  of 
Industrial  Housing  and  Transportation  announces  the 
following  appointments  in  connection  with  projected 
housing  developments:  Staten  Island,  N.  Y. — Archi- 
tects, Delano  &.  Aldrich,  126  East  38th  St.,  New  York 
City;  town  planner,  A.  F.  Brinkerhoff.  .327  Fifth  Ave., 
New  York  City;  engineer,  C.  S.  Pollock,  Park  Row 
Bldg.,  New  York  City.  Florence,  Ala. — Architects, 
Warren  &  Knight,  Birmingham,  Ala.;  town  planner. 
Harold  A.  Caparn.  220  West  42nd  St.,  New  York  City; 
engineer,  .luiian  Kondrick.  Birmingham,  Ala.  Shef- 
field. Ala.— Architects,  Warren  &  Knight,  Birming- 
ham, Ala.;  town  planner,  Harold  A.  Caparn,  220  West 
42nd  St.,  New  York  City;  engineer,  Julian  Kendrick, 
Birmingham.  Ala.  Tuscumbia.  Ala. — Architects.  War- 
ren &  Knight,  Birmingham,  Ala.;  town  planner, 
Harold  A.  Caparn,  220  West  •«2d  St.,  New  York  City; 
engineer,  Julian  Kendrick,  Birmingham,  Ala. 


Economic  Life  of  Office  Buildings 

An  e.\aniinatiun  of  the  older  ()trn.e  Kllildi^g^  in 
any  city  will  convince  almost  any  one  that  the  eco- 
nomic or  commercial  life  of  such  buildings  has  not 
exceeded  40  years,  stated  Mr.  Edward  A.  Kenwick 
of  Holabird  &  Roche,  Architects,  in  a  paper  presented 
at  the  recent  convention  of  the  National  Association 
Building  Owners. 

Many  of  us,  continued  Mr.  Renwick  feel  that  with 
the  advent  of  the  modern  skeleton  construction, 
which  had  its  birth  in  Chicago  in  1887,  the  climax 
has  been  reached  in  construction  and  that  these 
buildings  will  last  at  least  100  years^ — physically  they 
may  last  200,  but  it  is  doubtful  if  they  will  have 
great  economical  value  when  40  years  old. 

Every  year  we  see  buildings  25  to  35  years  old 
being  replaced  with  new  structures  because  their 
commercial  life  has  ended,  although  perhaps  they 
are  still  in  good  condition  physically.  Some  of  these 
when  built  were  the  best  that  could  be  produced 
with  the  engineering  and  architectural  talent  of  the 
day,  but  new  devices  and  methods  of  construction 
or  changes  in  business  requirements  have  destroyed 
them  as  competitors  against  these  more  modem 
buildings. 

There  are  a  number  of  modern  fireproof  buildings 
that  have  been  taken  down  to  make  room  for  larger 
or  different  classes  of  buildings,  because  these  re- 
movals made  the  land  more  productive  by  the  change, 
even  though  the  cost  of  the  original  structure  was 
added  to  the  value  of  the  land.  Of  course,  had  the 
owner  been  wise  enough  to  have  foreseen  the  new- 
requirement  and  designed  the  building  so  it  could 
have  been  readily  converted  to  the  new  use,  its  com- 
mercial life  would  have  been  extended,  but  such  pro- 
vision would  have  added  a  considerable  burden  to 
the  cost. 

How  can  we  best  provide  against  this  economic 
loss?  The  answer,  stated  Mr.  Renwick,  seems  to  be 
to  set  aside  a  sum  for  depreciation  annually  and  in- 
vest it  and  its  accrued  interest  in  safe  securities. 
The  average  owner  feels  that  this  depreciation  will 
be  offset  by  the  increase  in  the  land  values,  but  to 
benefit  by  such  increase,  a  sale  must  be  made.  Would 
it  not  be  far  wiser  to  set  aside  a  fund  and  invest  it 
in  4  per  cent  securities  and  thus,  when  serious 
changes  are  required  to  prolong  the  life  of  the  build- 
ing, the  funds  will  be  at  hand  to  do  so,  and  thus  re- 
vive the  economical  life  and  check  the  rapid  depre- 
ciation with  consequent  lowering  of  the  character 
of  the  tenants.  If  a  sum  equal  to  1  per  cent  of  the 
cost  of  the  building  is  so  set  aside  annually  and  in- 
vested at  4  per  cent  and  the  interest  reinvested  at  4 
per  cent,  it  will  equal  the  cost  of  the  building  in  40 
years. 


Five  Hundred-Ton  Concrete  Barges  Now  Being  Built 
for  Barge  (anal.— Contracts  for  21  500-ton  concrete 
barges  to  be  used  on  the  New  York  State  Barge  Canal 
have  been  awarded  at  an  average  price  <>f  $2.">.000  each. 
The  contractors  are:  Holler-Davis  &  Flood  Co..  Fort 
Edward.  N.  Y..  8  barges;  Thomas  &  Currie.  Detroit. 
Mich.,  5  barges;  Caldwell-Marshall  Co.,  Tonawanda, 
N.  Y.,  4  barges;  Cummings  Concrete  Constructional 
Engineering  Co..  Ithaca,  N.  Y.,  4  barges.  The  barges 
were  designed  by  the  Government  Department  of  Con- 
crete Ship  Construction  fur  the  Inland  Waterways 
Committee  of  the  Railroad  Administnitinn.  They  are 
to  be  delivered  by  Dec.  1.  1918. 
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Canadian  Tests  on  Flat-Slab  Con- 
struction 

In  "The  Canadian  Engineer"  of  March  28  a  five- 
page  article  gives  the  results  of  extensometer  tests 
on  the  reinforced  concrete  flat-slab  floor  of  the  Rob- 
ert Simpson  Bldg.,  Toronto.     The  article  is  by  W.  W. 


Pearse,  City  Architect  and  Superintendent  of  Build- 
ings, and  Peter  Gillespie,  Asso.  Prof.  Mechanical  En- 
gineering,  University   of   Toronto. 

Due  to  cracks  that  developed  around  the  columns 
under  the  loading,  it  was  necessary  to  subdivide  the 
panel  into  strips,  find  the  moment  of  inertia  of  each 
strip  and  add  them  together.  This  gives  only  a  very 
rough  approximation  at  best,  which  must  be  borne 
in   mind   in   considering  the  results   of  the  tests. 

The  first  load  applied  was  135  lb.  per  square  foot. 
The  second  load  was  270  lb.  per  square  foot,  when 
bad  cracks  developed  around  the  capital  heads  of  the 
columns.  This  is  attributed  to  the  fact  that  the  steel 
was  tco  far  below  the  top  of  the  column,  the  distance 
being  S^a  in.  An  area  covering  four  panels  on  the 
seventh  floor  was  tested  with  the  results  shown  in 
Tables  1,  2  and  3.  Fig.  1  shows  the  position  of  the 
"strips"  referred  to  in  the  tables. 

The  following  symbols  were  used : 

L  =  distance  c.  to  c.  of  column,  in  feet. 

vv  =  total  live  and  dead  load  per  square  foot  =  135  -|-  113  =  248  lbs 

W  =  total  panel  load  in  lbs.  =  wLr. 

s  =  tensile  stress  per  square  inch  in  steel. 

ct  =  extreme  fibre  tensile  stress  per  .sq.  in.  in  concrete. 

c  =  extreme  fibre  compressive  stress  per  square  inch  in  concrete. 

I  =  moment  of  inertia. 

Qt  =:  section  modulus  for  side  in  tension. 

Qc  =  section  modulus  for  side  in  compression. 

Es  =  modulus  of  elasticity  of  steel  =  30,000,000. 

Ro  =  modulus  of  elasticity  of  concrete   in   compression  =  3..T00.0flfl. 

Et  — -  modulus  of  elasticity  of  concrete   in   tension  =  2.800,000    (as- 


sumed as 


ing,   Toronto). 
:  Bending  moment. 


used  for  Wm.   Davies  Co.   Build- 


in  discussing  the  question  of  unbalanced  thrust 
Prof.  Gillespie  says: 

No  other  type  of  reinforced  concrete  construction 
has  appealed  to  the  building  public  or  has  caught  the 
popular  fancy  as  has  that  commonly  described  as 
the  flat  slab  or  girderless  floor.  The  resulting  econ- 
omy in  story  heights,  the  simplified  form  construc- 
tion, the  unbroken  ceilings  and  the  ease  with  which 
auxiliary  equipment  as,  for  example,  sprinkler  sys- 
tems, can  be  installed  have  all  contributed  to  that 
popularity.  But  while  these  advantages  have  been 
generally  recognized,  the  difficulties  attending  the 
rational  design  of  flat  slab  structures  have  also  been 
appreciated  because  this  type  does  not  lend  itself  to 
either  simple  or  satisfactory  theoretical  treatment. 
Recognizing  this,  public-spirited  firms  and  organiza- 
tions have  provided  facilities  whereby  tests  of  full- 
size  buildings  have  been  made  with  a  view  to  study- 
ing the  behavior  of  floors  under  the  load  and  thereby 
formulating  empirical  rules  for  the  design  of  flat 
slabs  which,  when  constructed,  v/ould  be  safe  with- 
out being  wasteful.  These  tests  have  usually  con- 
sisted in  applying  to  the  floor  a  live  load  equal  to 
or  exceeding  that  for  which  the  structure  was  built 
and  then  measuring  the  deflections  and  the  deforma- 
tions in  the  steel  and  concrete  at  certain  selected 
places  in  order  to  determine  the  intensity  of  the 
stress  resulting.  From  the  nature  of  the  work  some 
form  of  portable  extensometer  was  necessary  and  for 
this,  that  known  as  the  Berry  strain  gage  or  some 
modification  of  it,  has  generally  been  used. 
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Table  1— Comparison  of  Recommendations  of  Chicago  and 
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Table  2 — Comparison  of  Stresses  for  Live  and  Dead  Loads 

Combined  According  to  Various  Codes,  with  Those 
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■Table  3 — Comparison  of  Stresses  for  Live  and  Dead  Loads 

Combined  According  to  Various  Codes,  with  Those 

Found    by    Test    Using   the    Section  Modulus 

Determined   by    Deformation    Readings 

Any  type  of  extensometer  which  has  to  be  at- 
tached to  a  specimen  and  removed  again  between 
readings  cannot  possess  the  accuracy  of  measure- 
ment usually  obtained  from  the  stationary  forms. 
Then,  again,  concrete  is  a  material  for  which  the 
ratio  of  stress  to  deformation  is  much  more  variable 
than  it  is  for  the  metals.     Moreover,  for  any  given 
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concrete  and  for  all  stresses  above  nrjodcrate  work- 
inK  values.  Hooke's  law  of  proportionality  between 
stress  and  strain  does  not  obtain.  Further,  it  is 
usually  quite  impossible  to  know  at  just  what  stage 
of  the  operation  of  loading,  the  concrete  in  tension 
will  crack  and  throw  upon  the  reinforcement  the 
bulk  if  not  all  of  the  tension  which  it  has  been  car- 
rying. In  consequence  of  these  limitations  it  will 
be  conceded  that  the  figures  obtained  from  the  use 
of  the  portable  extensometer,  especially  on  concrete 
structures,  must  be  interpreted  in  a  broad  and  lib- 
eral manner  and  that  they  must  not  be  considered 
as  reflecting  the  last  refinement  of  physical  measure- 
ment. It  should  be  noted,  too.  that  the  inevitable 
errors  are  probably  relatively  greater  for  small 
deformations  than  for  large  since  the  ratio  of  a  prob- 
able error  to  a  large  deformation  is  les.s  than  to  a 
small  one. 

With  respect  to  the  Simpson  Building  test,  there  is 
ono  |)'>int  to  which  attention  may  be  called  because  it 
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Fig.  2. 
Top  or  .-sLib   shown    lluis    — 
Bottom  of  slab  »hoivn  thus  —    - 


relates  to  a  phenomenon  which  has  been  observed  in 
several  previous  tests  and  is  one  which  concerns  the 
values  to  be  assigned  for  the  working  stresses  in 
both  materials.  To  illustrate,  Fig.  2  has  been  pre- 
pared for  the  test  data.  It  will  be  seen  that  the  various 
values  of  the  observed  deformations  for  the  several 
gage  lines  lying  diagonally  in  one  direction  from 
column  23  have  been  plotted  with  respect  to  a  hori- 
zontal axis,  elongations  upward  and  shortenings 
downward.  Whether  these  relate  to  steel  or  concrete 
does  not  concern  us.  since  it  is  to  only  one  position 
on  this  radial  line  that  attention  is  invited.  Gener- 
ally speaking,  when  either  line  crosses  the  horizontal 
axis,  it  denotes  a  point  of  zero  deformation  and 
therefore  a  point  of  zero  flexural  stress  and  of  zero 
bending  moment.  If  both  lines  cross  the  zero  axis 
at  the  same  point,  it  denotes  a  true  point  of  contra- 
flexure  at  which  the  stresses  are  mainly  shears.  In 
Fig.  2,  however,  this  is  not  the  case  and  for  some 
distance  outward  from  gage  line  715,  the  slab  ap- 
pears to  ])e  altogether  in  compression,  and  at  gage 
line  610;  this,  according  to  the  records,  is  eiiual  to 
an  average  stress  of  70  lb.  per  square  inch  with  a 
resultant   acting    much    nearer   the    lower    face   than 


the  upper.  Moreover,  in  this  particular  region,  the 
situation  is  not  complicated  by  the  presence  of  three 
or  four  superijnposed  layers  of  metal  such  as  are 
found  in  some  other  places.  This  phenomenon  is 
probably  due  to  the  partial  behavior  of  the  slab  as 
an  arch,  an  hypothesis,  indeed,  for  which  there  is 
considerable  warrant,  since  the  peculiarity  has  been 
observed   and   reported  on  several  occasions. 


Crt'W   Krt'cts    75   Frames    for    Ferris  Type 
Hull  in  }n\   Hours 

A  crew  of  62  men  of  the  Sanderson  &  Porter  ship- 
yard at  Raymond,  recently  built,  set  and  plumbed  75 
frames  on  a  Ferris  type  hull  of  a  wooden  ship  in  37 
hours  and  15  minutes.  The  number  of  frames  erected 
in  consecutive  shifts  ..f  «  hnurs   w:,-  :i^   fi.jlows: 

Frame*. 


July  16 — (8  hoursi 
July  27— (S  houni) 
July   2'J— (S   houmi. 

July   30— <S    hour») 

July   31  — (5   hour*    15    min 


TmIhI 


The  total  number  of  men  employed  on  this  job  was 
follows: 

Wat.rh.iv  1 

Kli.sl..n,-,H  - 

Kori*mai»     .  \ 

l.fa(l<T«     2 

Ciin'ontera    jj 

G.antry    crew.    Includlne    rit.  •  4 

SetlerH    u|>    

Tractor   drlv.  1 
Hook -on    ... 
Laborers   .  . 


Total 


In  addition  to  the  frames  on  the  job,  the  crane  also 
handled  material  for  an  adjacent  hull,  upon  which 
three  ceiling  crews  were  working. 


Don'ts  for  Steel  Workers. — The  following  "safety 
first"  suggestions  are  taken  from  the  "Heave  To- 
gether," a  publication  of  the  Northwest  Steel  Co.: 
Don't  throw  rivets  carelessly;  don't  pass  under  sling 
or  crane  loads;  don't  leave  tools  or  material  on  stag- 
ing; don't  fail  to  keep  all  safety  guards  in  place; 
don't  violate  your  employer's  safety  rules;  don't  fail 
to  keep  clear  of  lines  and  blocks;  don't  injure  your 
fellow  worker  by  your  carelessness;  don't  go  onto  a 
staging  unless  you  are  sure  that  same  is  safe;  don't 
sit  or  lean  on  safety  rails  or  braces,  they  sometimes 
break;  don't  throw  anything  from  staging — you  may 
hurt  someone  below;  don't  ''ail  to  wear  goggles,  when 
re<|uired — you  may  lo.se  your  eyesight;  don't  carr>' 
spud  bars,  wrenches,  drift  pins,  bolts  or  rivets  in 
your  pockets;  don't  jump  from  one  staging  to  an- 
other— there  is  always  a  way  around;  don't  fail  to 
examine  all  hooks,  slings,  and  other  rigging  before 
using  them;  don't  use  defective  tools — your  foreman 
will  furnish  you  with  proper  ones;  don't  fail  to  re- 
port to  your  foreman  when  staging  or  rigging  is  in 
need  of  repairs. 


ProRre!*.s  Photographs  of  Shipyard  Taken  from 
("rane. — The  C.roton  Iron  Works.  Cmton.  ((mil.,  has 
developed  a  well  organized  system  'of  making  prog- 
ress records  of  its  shipbuilding  work  by  means  of 
photographs.  It  has  been  found  that  by  taking  as 
near  a  bird's-eye  view  as  possible  from  the  cranes 
excellent  prt)grcss  photographs  are  obtained.  A 
boatswain  chair  is  fitted  at  the  end  of  the  crane  for 
the  photographer.  For  this  purpose  the  crane  is 
used  only  for  5  minutes  at  each  end  of  the  craneway 
at  noon,  two  views  of  each  of  the  ships  adjoining  be- 
ing taken. 
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Notes  on  Office  Building  Design* 

By  EDWARD  A.  RENWICK, 
Holabird   &  Roche,  Architects,   Chicago. 

Column  Spacing. — The  plan  of  the  building  should 
have  the  best  possible  column  spacing  for  both  offices 
and  stores.  In  a  building  10  or  more  stories  in  height 
the  spacing  for  offices  should  take  preference  over 
that  for  stores,  as  the  combined  square  feet  net  ren- 
tal of  the  office  floors  is  generally  greater  than  the 
net  rental  per  square  foot  of  the  stores.  The  best 
width  and  depth  of  offices  should  be  determined. 
Numerous  studies  of  the  typical  upper  floors  plans 
should  be  made  to  obtain  the  maximum  rental  of  per- 
fectly and  permanently  lighted  space,  with  the  min- 
imum of  building  area  of  the  typical  floor.  These 
studies'  should  be  analyzed  by  percentages  to  com- 
pare results.  In  making  such  studies,  consideration 
should  be  given  to  the  effect  of  climate,  prevailing 
winds,  sun,  air,  light,  width  of  street,  expanse  of 
parks,  water  or  other  natural  conditions  affecting 
light  in  offices,  and  also  consideration  of  the  require- 
ments of  the  possible  occupants. 

It  has  been  found  that  offices  facing  the  lake  on 
Michigan  boulevard  in  Chicago  can  be  well  lighted 
to  a  depth  of  over  30  ft.  by  the  reflected  light  from 
the  water — this  light  being  nearly  horizontal,  and 
advantage  has  been  taken  of  this  condition  in  the 
planning  of  certain  buildings. 

Corridors  and  Courts. — The  plans  should  permit 
the  entire  floor  to  be  thrown  into  one  unbroken  space 
of  tenants  requiring  such  space.  The  ability  to  cut 
off  large,  unbroken  areas  for  single  tenants  is  de- 
sirable, as  it  saves  corridors,  increasing  the  rent- 
ing areas  and  reducing  initial  cost  and  also  reduces 
the  operating  expense.  The  location  of  the  court, 
or  courts,  is  of  vital  importance;  generally  one  large 
court  is  better  than  two  or  more  smaller  ones.  The 
building  should  have  such  ample  courts  that  the  light 
would  still  be  very  good  should  buildings  of  equal 
or  greater  height  be  erected  adjoining  the  site.  The 
custom  of  depending  on  the  light  from  an  alley  which 
is  16  ft.  or  18  ft.  wide  is  objectionable,  for  ample 
light  in  such  a  case  is  impossible  if  the  building  op- 
posite is  high,  or  if  such  buildings  should  be  built  in 
the  future.  In  good  planning  the  court  will  be  com- 
bined with  the  alley  and  thus  increase  the  light  and 
air. 

Interior  columns  should  be  placed  near  the  corri- 
dor lines  to  facilitate  subdivisions  into  larger  than 
unit  spaces.  The  window  arrangement  should  be 
such  that  every  square  foot  of  rentable  space  will  be 
perfectly  lighted,  and  the  windows  should  be  di- 
vided by  mullions  and  piers  so  arranged  that  the 
greatest  flexibility  in   subdivisions   may  be   possible. 

Elevators. — The  elevators  are  of  great  importance 
to  the  success  of  the  building.  The  number  should 
be  sufficient  for  the  peak  load,  but  this  peak  load  is 
subject  to  great  variation,  caused  by  the  character 
of  the  tenants.  Those  tenants  who  occupy  large 
spaces  and  have  -a  numerous  clerical  force,  such  as 
railways,  large  manufacturers,  schoolboards,  etc.,  se- 
riously affect  elevator  service.  Unless  arrangement 
can  be  made  between  owner  and  tenant  providing 
that  the  employes  leave  and  arrive,  particularly  at 
the  noon  hour,  in  regulated  relays,  the  elevators, 
which  during  practically  all  other  hours  of  the  day 
are  more  than  ample,  may  become  inadequate.    This 

*Prom  a  paper  presented  at  the  annual  convention  of  the  Na- 
tional Association  of  Building:  Owners  and  Managers. 


always  reflects  on  the  minds  of  the  public  and  affects 
the  reputation  of  the  building.  The  use  of  the  upper 
floors  for  clubs,  particularly  lunch  clubs,  has  this 
same  effect. 

Elevators  should  have  good  speed,  be  equipped 
with  signals  to  reduce  stops  to  a  minimum  and  thus 
conserve  both  time  and  current.  The  elevator  cabs 
should  always  be  as  wide  as  they  are  deep,  and  in 
most  cases  should  be  from  20  to  50  per  cent  wider 
than  they  are  deep.  The  doors  should  open  to  two- 
thirds  of  the  width  of  the  cab.  This  insures  quick 
filling  and  emptying  of  cabs,  and  conserves  time  and 
thus  reduces  the  total  of  service.  For  the  ordinary 
office  building  cabs  that  will  hold  12  to  14  people 
will  show  the  best  results,  rather  than  larger  or 
smaller  cabs.  Thus  the  cabs  will  have  from  28  to 
32  sq.  ft.  of  area  inside  measui-ements,  arranged  4 
ft.  8  in.  deep  by  6  ft.  to  4  ft.  deep  by  7  ft.  wide. 

The  number  of  elevators  depends  on  the  total 
square  feet  of  renting  space  above  the  first  story 
modified  by  the  class  of  tenants  and  the  relative  size 
of  the  offices;  the  maximum  number  should  be  based 
on  20,000  sq.  ft.  of  renting  area  per  elevator  and  the 
minimum  on  27,000  sq.  ft.  In  both  cases  this  only 
applies  where  the  total  renting  area  exceeds  60,000 
sq.  ft.  The  height  of  the  building  also  affects  the 
rule.  The  building  should  have  not  less  than  two 
elevators  regardless  of  the  total  renting  area,  so  that 
in  case  of  a  breakdown  of  an  elevator  the  service 
will  not  be  greatly  impaired. 

Inferior  Treatment. — The  interior  treatment  of  the 
buildings  to  a  large  degree  determines  its  character 
and  also  its  worth  as  an  investment.  The  building 
that  has  durable  finish  and  is  a  little  better  finished 
and  equipped  than  its  neighbors,  will  not  be  out- 
classed so  rapidly  by  newer  structures,  and  will  have 
a  larger  commercial  life.  The  tenant  is  affected 
mostly  by  the  appearance  of  the  elevator  lobby,  cor- 
ridors, public  utilities  and  finish  of  his  offices,  the 
character  of  the  plumbing  and  heating,  arrangement 
of  lighting  outlets,  conveniences  to  elevators,  stairs 
and  public  utilities. 

The  rentals  obtainable  in  a  locality  must  be  the 
deciding  factor  in  selecting  the  finish  of  the  build- 
ing. Certainly  the  standard  of  finish  of  a  building 
where  $1.25  to  $1.50  per  square  foot  is  to  be  ex- 
pected, must  be  lower  than  where  higher  rentals  pre- 
vail. There  is  a  simple  rule  that  governs  most  suc- 
cessful buildings. 

Rentals. — The  rentals  of  the  first  story  and  base- 
ment should  pay  the  ta.xes  on  the  land,  5  per  cent  in- 
terest on  the  land  (or  the  ground  rent  in  case  of  a 
long  term  lease)  and  the  insurance  on  the  building 
as  a  minimum.  It  will  then  appear  that  when  the 
minimum  only  is  obtained,  the  upper  stories  must 
be  leased  for  $1.25  per  square  foot  to  pay  a  small  re- 
turn on  the  most  economical  building  possible.  This 
seems  a  fair  rule  as  an  analysis  of  rentals  on  various 
streets  in  cities  where  first  story  rentals  vary  greatly, 
the  office  rentals  are  usually  about  the  same  and  the 
high  first  story  rentals  occur  where  the  land  value 
is  highest. 

Comparing  the  buildings  in  New  York  City  with 
those  of  the  West,  one  is  impressed  with  the  greater 
economy  in  the  upper  floors  obtained  in  New  York 
City.  We  of  the  Middle  West  have  been  more  e.x- 
travagant  in  this  regard.  With  the  certain  increase 
in  the  cost  of  buildings  for  many  years  to  come,  to- 
gether with  the  probable  increase  of  cost  of  opera- 
tion, economies  must  be  practiced,  and  at  the  same 
time  the  results  must  not  appear  cheap. 
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Ntethod     of    Ximiborinji   County 

Bridges   and    Making    Hridj^e 

and    Drainaj^e   Map 

When  the  pri-seiit  riiiid  and  bridtft'  laws  of  Iowa 
were  enacteil  there  arose  a  need  in  the  various  coun- 
ties of  the  state  for  a  more  accurate  system  of  bridge 
and  road  designation.  The  information  required 
under  the  new  law  made  it  desirable  for  each  county 
to  adopt  some  system  whereby  each  bridge  could  be 
definitely  located  or  numbered  and  records  of  cost, 
construction  data,  etc.,  kept  of  it.  In  the  Service  Bul- 
letin of  the  Iowa  Highway  Commission,  Mr.  J.  C.  Mc- 
Lean, County  Engineer  of  Woodbury  County,  gives 
the  following  outline  of  the  methods  used  in  the  field 
and  office  work  on  a  bridge  map  for  his  county,  which 
involved  gathering  data  from  23  townships  covering 
an  area  of  appro.\imately  840  square  miles. 

Field  Work. — The  county  was  divided  in  six  dis- 
tricts for  the  field  work,  five  of  which  consisted  of 
four  townships  each,  and  the  sixth  the  three  flat 
townships  along  the  Missouri  River.  A  field  party 
was  placed  in  each  district  consisting  of  an  automo- 
bile driver,  and  recorder,  together  with  such  tapes, 
maps,  notebooks,  etc.,  as  were  required  for  their  use. 
The  general  plan  used  in  collecting  the  field  data  was 
to  take  one  township  at  a  time  and  complete  it  so  ar- 
ranging the  route  traveled  that  every  mile  in  the 
township  would  be  covered  with  as  little  duplication 
as  possible.  Township  line  data  were  taken  only  on 
the  north  and  east  lines  except  in  the  case  of  an  ad- 
joining county  where  the  south  line  was  also  taken. 
In  this  way  there  was  no  overlapping  of  routes,  and 
each  mile  was  cr>\ered  only  once. 

Recording  of  Field  Data. — A  sample  form  of  the 
field  notes  showing  the  nature  and  extent  of  the  data 
taken  is  shown  in  Fig.  1. 

One  sheet  was  used  for  each  bridge  or  culvert,  and 
the  recorder  after  making  his  entries  would  mark  a 
cross  such  as  is  shown  at  "A"  in  the  figure,  at  the  e.x- 
act  location  of  the  bridge  in  the  given  mile.  This 
could  be  done  quite  accurately,  as  the  section  used 
in  the  field  notes  was  drawn  to  a  scale  of  1':;  in.  to 
the  mile.  Each  section  is  divided  into  quarters, 
which  aided  greatly  in  definitely  locating  the  posi- 
tion in  the  mile  and  tracing  the  streams  through  a 
given  section.  After  locating  the  bridge  on  the  mile 
the  recorder  would  then  by  eye  trace  and  record  the 
course  of  the  stream  in  and  out  of  the  bridge  as  far 
as  he  could  see  in  either  direction,  noting  the  direc- 
tion of  flow,  and  the  point  where  it  crossed  the  quar- 
ter at  section  lines  as  the  case  might  be. 

In  case  of  any  draw  crossing  the  road  with  no 
bridge  or  culvert  spanning  it,  a  similar  record  would 
be  made  to  scale,  showing  the  point  where  it  crossed 
the  road  and  the  nature  and  extent  of  the  drainage. 
In  addition  to  the  bridge  data,  all  cemeteries, 
schoolhouses,  churches,  road  changes,  ditches,  lat- 
erals, gravel  pits,  etc.,  were  recorded  in  their  respec- 
tive locations  and  to  scale.  Taking  data  of  this  kind 
required  as  a  rule  between  4  and  5  days  per  town- 
ship for  one  party  at  a  cost  of  $6  per  day  for  car  and 
driver,  $4  for  an  assistant  and  about  $'-i  for  expenses, 
making  a  total  cost  of  $13  per  day  or  between  $50  to 
$00   per  township. 

Scale,  lyegend  and  Numbering;. — A  scale  of  2-in.  to 
the  mile  was  adopted  for  the  final  map;  this  size  was 
found  to  be  sufficiently  large  for  the  requirements 
and  verj-  convenient  for  field  use.  Four  symbols  were 
used  for  the  bridge  designation  as  fpllows: 
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Permanent  Bridges — Circle  with  small  black  square 
inside  and  two  lines  extending  through  it  forming 
a  cross. 

Permanent  Culverts — Circle  with  black  square 
inside. 

Temporary  Bridges — Small  black  square. 

Temporary  Culvert.s — Small  hollow  square. 

Spans    10   ft.  and   over   were   classified   as   br  ■'■•< 
and  under  16  ft.  as  culverts.     It  will   be  not. 
these  symbols  are  convertible,  for  instance  at. 
rary    bridge    is    built    and    is    later    changed    into    u 
permanent  type,  this  change  can  be  made  on  the  map 
by  simply  the  addition  of  two  lines  and  a  circle  ' 
temporary  symbol.    Likewise  to  change  from  a  v 
rary  culvert  to  a  permanent  culvert  it  is  only  ;.>.,;... 
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No.  Span* 

ToUl    Vtatth      1       LcBstk  of  Bride* 
of   Spaiu         1 

No.    B«llU               1       Condition    of                Strcan   Cultinc 
1             Bridcc                            or    Fillini 

Show   in   thU   dUrrom    EXACT   locmtion   of   brid(r   and   ilr 
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Additional  Rrmarlu  on  Other  Sici. 

Fig.    1. — Sample   rorm   ot   Field    Notes. 

sary  to  fill  in  the  center  of  the  temporar>-  symbol  and 
inclose  it  in  a  circle. 

The  system  of  numbering  adopted  provided  each 
township  with  a  letter  of  the  alphabet  as  a  key  which 
will  be  used  to  designate  that  particular  township. 
The  numbering  of  the  bridges  began  in  each  case  in 
the  northeast  corner  of  the  township,  thence  west  on 
the  first  tier  of  sections  to  the  township  line,  thence 
east  again  to  the  township  line,  the  numbers  increas- 
ing progressively  from  the  northeast  comer.  Addi- 
tional bridges  which  will  be  added  from  time  to  time 
will  be  given  the  number  of  the  bridge  in  the  section 
nearest  them  with  numerals  prefixed.  Thus  for  an 
additional  bridge  near  L02,  would  be  LG2-1.  LG2-2,  etc. 
) 
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No  attempt  was  made  to  either  number  or  locate  the 
farm  entrance  culverts.  Where  well  defined  draws 
crossed  the  road  with  no  bridge  a  number  was  given 
them,  and  a  corresponding  blank  left  in  the  map  at 
this  point. 

Index  of  Bridges  and  Field  Sheets. — The  data  taken 
on  each  bridge  in  the  field  were  transferred  in  the 
oflnce  to  a  card  index  system,  classified  according  to 
townships.  In  this  way  a  definite  and  detailed  record 
of  each  bridge  is  kept  on  file  which  it  has  been  found 
greatly  facilitates  designing  new  work. 

For  field  purposes  a  general  tabulation  sheet  of 
each  township  was  prepared,  giving  the  number,  type, 
length  and  height  of  each  bridge  in  the  township. 
This  tabulation  is  printed  on  the  reverse  side  of  the 
corresponding  township  map  using  the  duplex  system 
of  blue  line  printing.  In  this  way  there  is  available 
for  field  use  the  general  dimensions  and  types  of  all 
bridges  in  the  county.  This  feature  has  been  found 
to  be  very  convenient,  especially  in  repair  work  in 
determining  the  length  of  piling  necessary  for  a  given 
bridge,  or  the  number  of  floor  plank  needed. 

OflRce  Map. — A  large  wall  map  has  been  prepared 
for  office  use  by  assembling  the  individual  township 
maps  on  a  scale  of  2  in.  to  the  mile.  On  this  map  will 
be  shown  all  the  waterways  in  the  county  fully  de- 
veloped whether  bridge  or  not,  and  from  it  it  should 
be  possible  to  obtain  with  a  fair  degree  of  precision 
the  drainage  at  any  particular  bridge. 

Light  Weight    Concrete    to   Be   Used   in 

Constructing  Cargo   Ships   at 

Houston 

Gravel  aggregate  producing  concrete  lighter  than 
normal  will  be  used  in  the  building  of  two  concrete 
cargo  ships  at  the  Houston,  Tex.,  shipyard  of  the  ma- 
rine department  of  the  Houston  Bank  &  Trust  Co.  The 
ships,  each  2,000  long  tons  deadweight  capacity,  will 
be  constructed  for  the  Pan-American  Trading  Co. 
The  boats  were  designed  by  Mr.  E.  Lee  Heidenreich, 
Kansas  City,  Mo.    Their  dimensions  are: 

Length    between    perpendiculars     240  ft. 

Lengtl^     over    all     250  ft. 

Breadth,     moulded     32  ft.  6  in. 

Depth    to   top    of    mam    deck 21  ft.  6  in. 

Heighth   between   deck    7  ft.  6  in. 

Designed  load  draft    16  ft.  0  in. 

Dead     rise     fi  in. 

Sheer     forward     3  ft.  9  in. 

The  vessels  will  be  single  screw  steamers,  and  will 
have  a  speed  of  10  knots.  They  will  cost  about  $400,- 
000  each. 


Army  Establishes  Construction  Lumber  Depot. — To 

save  time  and  money  in  meeting  emergency  calls  for 
lumber,  the  Construction  Division  of  the  Army  has 
established  a  construction  lumber  depot  at  Gilmer- 
ton,  Va.  It  is  estimated  that  a  yearly  saving  of  ap- 
proximately $250,000  will  be  effected  through  its  op- 
eration. In  the  past,  whenever  the  Army  construc- 
tors were  requested  to  buy  additional  lumber,  the 
transaction  was  made  at  yards  in  the  immediate  vi- 
■^ihity.  The  average  increase  in  price  for  this  ma- 
terial over  the  lumber  originally  purchased  for  the 
job  ran  from  $9  to  $12  per  thousand  feet.  By  pur- 
chasing in  large  quantities  and  charging  only  for 
yard  maintenance,  the  greater  part  of  this  excess 
price  is  expected  to  be  saved  to  the  Government.  A 
stock  of  from  12.000,000  to  15,000,000  ft.  of  lumber 
will  be  carried  and  it  ig  estimated  that  the  yearly 
turnover  will  amount  to  between  50,000,000  and  60,- 
000,000'ft.  A  fund  of  $500,000  has  been  set  aside  as 
necessary  working  capital  for  the  yard. 


Practical  Points  in  the  Design  and 
Construction  of  Partitions* 

By  H.  L.  BARRACLOUGH, 

Like  many  other  things,  the  war  has  brought  par- 
titions into  an  almost  endless  number  of  uses,  one 
of  which  has  been  for  the  building  of  huts  and 
houses.  Though  this  may  be  new  to  some,  the  writer 
has  been  concerned  in  the  building  of  schools  and 
sanitoriums  with  plaster  slabs,  cement  rendered  out- 
side, and  those  places  stand  today  as  good  as  when 
erected. 

Simple,  as  it  may  seem,  the  erection  of  partition 
slabs,  as  experience  has  proved,  should  be  entrusted 
only  to  the  hands  of  men  used  to  this  particular  class 
of  work.  A  badly  built-up  job  is  sure  to  develop 
cracks  in  unthought-of  places,  the  blame  very  often 
being  fixed  on  the  manufacturer  of  the  particular 
partition  slabs.  This  long-suifering  individual  very 
often  has  little  means  of  replying  to  the  criticisms, 
where  the  slabs  alone  are  supplied  by  him. 

There  are  several  kinds  of  partition  slabs  manu- 
factured and  on  the  markets — breeze,  pumice,  plas- 
ter and  clay — each  of  which  has  its  special  claims. 

Plaster,  until  recently,  has  been  the  most  common 
in  use,  and  has  many  advantages  over  breeze  slabs. 
Solid  plaster  slabs  are  light,  easily  fixed,  with  little 
or  no  waste  in  erection.  When  up,  they  form  a  solid 
wall,  hygienic  in  all  ways,  as  every  possible  lodg- 
ment for  dirt  and  vermin  is  efi'ectually  closed  after 
the  walls  have  been  plastered  out,  and  are  fire  and 
■  sound-resisting,  provided  the  work  has  been  executed 
by  skilled  labor,  which  goes  largely  to  ease  the  ques- 
tion of  after-cracks. 

My  opinion  is  that  hollow  plaster  slabs,  although 
lighter,  have  some  objectionable  features,  the  com- 
pressional  strength  of  the  slab  having  been  some- 
what destroyed  through  the  apertures;  and  further, 
if  spiking  is  resorted  to  for  fixing,  very  often  the 
spikes  crack  the  slabs  when  being  driven  in,  and  gen- 
erally weaken  the  whole  wall. 

In  fixing  plaster  partition  slabs,  it  is  essential  that 
the  suction  should  be  destroyed  by  applying  a  thin 
cement  wash,  and  that  they  should  be  well  bedded 
in  plaster  in  preference  to  spiking. 

It  is  preferable  that  all  slabs,  used  for  partition 
work,  should  be  tongued  and  grooved  horizontally 
and  vertically,  and,  in  fixing,  the  grooves  should  be 
placed  upwards  and  the  joints  broken,  as  in  brick 
work,  and  the  vertical  joints  carefully  grouted  in  with 
plaster,  both  where  they  join  up  to  the  door  frames 
or  brick  walls,  and  where  they  butt  against  each 
other.  Where  a  slab  has  to  be  cut  it  is  advisable  to 
form  a  groove  by  scooping  a  piece  out. 

Plaster  slabs  have  been  successfully  used  for  ex- 
ternal works  fixed  on  wood  framings  and  faced  with 
tiles,  but  this  is  an  expensive  from  of  work,  and  if 
not  carried  out  by  experienced  labor  the  tiles  are 
liable  to  come  off. 

Seven  years  ago,  2-in.  plaster  slabs  were  used  for 
internal  and  e.xternal  walls  of  a  school  in  Northum- 
berland. The  slabs  were  fixed  to  wood  framing  on 
outside,  rendered  over  surface  with  cement,  mortar 
floated  to  an  even  surface  and  rough  cast  with  a 
mixture  of  slag  and  pea  gravel,  1-in.  internal  slabs 
nailed  to  framing  floated  and  skimmed  with  washed 
haired  lime  and  putty,  and  finished  with  putty  and 
plaster  throughout,  a  dado  of  3  ft.  6  in.  being  formed 
with  Portland  cement  back,  and  finished  with  Keene's 
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cement  face,  trowelled  .smooth.     It  ha.s  proved  a  very 
.satisfactory  construction  a.s  well  a.s  cheap. 

A  well-known  firm  has  recently  introduced  a  plas- 
ter slab  with  a  special  face  to  receive  cement  render- 
intr  for  external  work,  and  they  claim  that  it  will 
withstand  the  weather  for  20  years  without  being  re- 
rendered.  These  have  been  used  for  external  works 
on  several  jobs  in  the  Midlands,  and  would  appear  to 
be  eminently  suitable  for  a  cheap-system  cottage  or 
bungalow  building.  This  system  could  be  used  in 
conjunction  with  light  reinforced  concrete  piers  and 
beams  or  wood  framing,  and  has  the  advantage  of 
being  a  very  rapid  construction.  Uoors  and  windows 
can  practically  be  fixed  in  any  position,  as  the  open- 
ings can  easily  be  cut,  after  the  wall  is  up,  without 
much  danger  of  damaging  other  parts. 

The  foundation  need  only  be  9  in.  depth  of  good 
concrete  under  the  wall,  weathered  on  the  outside, 
doing  away  with  the  necessity  of  any  damp  course. 

The  pumice  slab  is  a  very  light  form  of  construc- 
tion, convenient  to  handle,  and  is  manufactured  from 
pumice  and  volcanic  sand  (imported  from  Italy) 
mixed  with  portland  cement.  These  slabs  form  a 
rigid  construction  when  up.  Nails  can  readily  be 
driven  into  them  and  take  a  good  hold,  doing  away 
with  the  necessity  of  plugging  for  fixing  skirtings 
or  picture  rails. 

The  hollow  terra  cotta  partition  tile  is  well  known 
to  many,  and  can  be  obtained  in  different  sizes  from 
several  firms,  and  has  th'e  advantage  of  being  easily 
handled.  It  can  be  obtained  with  a  keyed  or  smooth 
face,  and  is  being  used  just  now  extensively  for  ex- 
terior work.  It  is  easily  built  up  ,  the  horizontal  joints 
being  bedded  with  cement,  and  the  vertical  joints 
grouted  up,  and  seems  to  be  quite  effective  in  with- 
standing the  V  eather,  but  it  has  only  come  into  prom- 
inent use  for  this  purpose  recently,  owing  to  the  pres- 
ent shortage  of  other  materials,  and  it  remains  to 
be  proved  what  effect  time  will  have  on  it.  I  am, 
however,  strongly  of  the  opinion  that  there  are  sev- 
eral points  in  its  favor  for  this  purpose,  being 
cheaper  than  a  brick  wall  of  the  same  thickness,  re- 
sists the  damp  better  and  insures  a  more  even  tem- 
perature, but  does  not  lend  itself  to  nailing.  Where 
it  is  necessary  to  fix  skirtings  and  rails,  provision 
should  be  made  for  same  at  the  time  of  erection  by 
carefully  inserting  plugs  in  the  joints.  Should  this 
not  be  done  at  the  time  of  erection,  and  it  is  found 
necessary  to  fix  electric  fittings  or  hook  rails,  the 
jiiints  should  be  cut  out,  and  a  plug  built  in,  as  any 
attempt  to  drive  a  nail  into  the  tile  is  generally  a 
failure,  besides  being  liable  to  break  the  face  of  the 
whole  tile. 

Those  of  us  who  have  had  to  do  with  partitions 
know  only  too  well  that  they  mostly  have  the  annoy- 
ing habit  of  showing  cracks  which  more  often  than 
not  go  right  through.  These  cracks  may  develop  from 
eithc  r  of  the  following  causes: 

The  cracks  generally  occur  just  under  the  ceiling 
or  nt  ar  walls  and  door  frames,  or  at  top  corners  of 
d>or  frames.  The  cracks  at  the  tops  or  by  the  walls 
may  be  caused  by  variation  of  temperature,  causing 
expansion  or  contraction,  or  through  the  supports 
deflecting  or  settling.  Cracks  also  are  generally  to 
be  found  on  top  stories  of  buildings  with  large  flat 
r.iafs.  owing  to  the  expansion  of  the  flat  as  well  a.^ 
tho  partition,  and  up  to  the  present  1  have  not  seen 
any  successful  method  of  stopping  this  occurring 
with  a  built-up  partition,  for  even  when  cut  and  care- 
fully filled  in,  the  cracks  will  readily  appear  again. 


The  cracks  on  doora  are  particularly  noticeable 
when  the  jambs  project  a  few  inches  above  the  frame, 
i.nd  this  is  caused  by  the  wood  frame  swelling, 
through  absorbing  the  moisture  from  the  partition 
whilst  it  is  being  erected.  These  can  generally  be 
.•■topped  up  successfully  if  cut  out  and  filled  in,  after 
the  partition  has  had  time  to  dry  out,  and  will  not 
appear  again,  provided  the  door  frames  are  fixed 
!  luridly  enough  to  prevent  the  partition  from  being 
shaken  when  the  door  is  shut  quickly.  The  best 
remedy,  however,  is  to  prevent  this  by  stopping  the 
door  jambs  off  flush  and  carrying  the  partition  over 
in  one  slab.  This  method  is  now  recognized  by  most 
practical  fixers  as  the  best,  and,  with '  few  excep- 
tions, is  carried  out  wherever  possible. 

The  position  of  a  partition  is  too  often  left  to  be 
settled  after  the  floor  and  beams  are  all  in,  and  then 
it  is  placed  anywhere,  whether  the  weight  is  sup- 
ported by  a  main  beam  or  only  by  the  floor,  awaj- 
iiiore  often  than  not  gets  placed  on  the  floor,  away 
from  the  main  beam,  which  may  only  be  calculated 
to  carry  a  load  of  100  lb.  per  sq.  ft.,  whereas  many 
3-in.  partitions,  when  plastered  both  sides,  weigh 
18  lb.  per  square  foot,  and  10  ft.  is  quite  an  ordi- 
nary height  for  such  a  partition,  therefore  1  ft.  run 
would  weigh  180  lb.  The  heaviest  articles  of  furni- 
ture in  domestic  buildings  are  generally  placed 
against  the  partition,  and  in  an  oflSce  it  is  quite  an 
ordinary  occurrence  to  find  a  heavy  safe  one  side  and 
a  tier  of  shelves  filled  with  books  and  papers  on  the 
other.  Taking  the  total  weight  of  the  safe  at  15  cwt. 
placed  in  the  center  of  the  bearing,  and  the  bookcase 
at  2  cwt.  per  foot  run,  we  find,  if  a  3-in.  partition.  12 
ft.  wide  by  10  ft.  high,  happens  to  be  placed  on  the 
floor,  we  get  the  following  load  per  square  foot  in 
that  particular  place: 

"-\n.    piiitltlon— IS   111.*,    itvr  mi.    ft.  x  12   It.   wide  X  10   ft. 

hlKh  ==  a   rllslrlbutetl   load   of   S.IW  Iba. 

1  safe  =  a  distributed  load  of  30  cwt.  = 3,3CO  !bs. 

1    tW-r   of   shelves    10    ft.    wide   at   2   cwt.   per  ft.    nin  — 

20    cwt.  = i.no  Iba. 

CIvlnB  a  total  load  of   7.7t9  lbs. 

Taking  the  width  of  floor  occupied  as  3  ft.  X  12  ft.  =  S<  aq.  ft 

Therefore.  7.760  lb.  divided  by  36  equals  215.5  lb. 
per  square  foot  on  this  particular  portion  of  the  floor, 
which  is  more  than  double  what  the  floor  weight  and 
main  beams  were  calculated  to  carry,  and  except 
for  the  large  .safety  factor  required  by  the  authorities 
there  would  be  more  than  mere  cracks  appearing. 
The  writer  is  strongly  of  the  opinion  that  the  posi- 
tion of  fall  partitions  wherever  possible  should  be  set- 
tled at  the  time  of  planning,  and  proper  beams  ar- 
ranged to  carry  them,  and  when  this  cannot  be  done 
it  is  advisable  wherever  possible  to  have  partitions 
cast  in  situ  and  reinforced  with  small  .steel  rods, 
forming  a  beam  from  wall  to  wall.  This  method  has 
been  carried  out  by  me  and  has  always  proved  most 
satisfactory,  and  helps  very  considerably  to  tie  the 
wall  and  distribute  its  load  more  evenly,  and  costs 
little  more  than  a  built-up  partition. 


Air  Jet   Hastens  "Salting"  of  WtMnien  Ships. — The 

"salting"  of  wootlen  ships  at  the  shipyards  of  the 
Foundation  Co.  at  Portland,  Ore.,  is  being  facilitated 
by  the  use  of  an  air  jet.  Salt  is  placed  between  the 
ceiling  and  planking  of  all  wooden  ships  as  a  wood  pre- 
servative. Ordinarily  the  process  delays  the  plank- 
ing. I'ndiT  the  method  followed  by  the  Foundation 
Co.  a  hole  is  boreil  through  the  ceiling  and  the  salt 
blown  into  place  by  means  of  the  air  jet. 
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Cost  of  Permanent  Warehouses  at 
Navy  Yards  and  Stations 

Permanent  warehouses  at  navy  yards  and  stations, 
having  a  total  storage  area  of  nearly  2,500,000  sq.  ft, 
have  been  placed  under  contract  since  April,  1917,  by 
the  Bureau  of  Yards  and  Docks.  In  addition  tempo- 
rary facilities  having  an  aggregate  storage  area  of 
nearly  2,000,000  sq.  ft.  have  been  completed  or  are 
under  construction.  Information  on  the  construction 
of  these  permanent  structures  is  given  by  Civil  En- 
gineer Kirby  Smith,  U.  S.  Navy,  in  "Public  Works  of 
the  Navy,"  from  which  the  notes  in  this  article  are 
abstracted.  * 

The  plan  for  the  warehouses  were  started  on  April 
2,  1917,  and  as  rapidly  as  possible  proposals  were  in- 
vited and  awards  made. 

■  The  general  features  of  design  in  all  the  structures 
are  the  reinforced  concrete  columns  with  a  flat-slab 
floor  system,  and  brick  curtain  walls  with  adequate 
glazed  areas.  Buildings  are  equipped  with  extensive 
toilet  and  locker  facilities,  sprinkler  systems,  fire 
walls,  and  a  sufficient  number  of  elevators,  the  larger 
structures  having  both  freight  and  passenger  service. 
The  buildings  are  generously  provided  with  loading 
platforms  and  large  doors  for  handling  incoming  and 
outgoing  stores. 

The  large  warehouses  at  New  York  and  Philadel- 
phia were  in  use  on  Jan.  1,  1918.  The  New  York  build- 
ing is  the  largest  of  its  kind  in  the  world.  It  is  11 
stories  high,  180  ft.  wide,  and  360  ft.  long,  without 
courts,  and  contains  712,000  sq.  ft.  of  floor  area.  It 
was  constructed  in  record  time  by  the  Turner  Con- 
struction Co.  of  New  York  City.  Contract  was  awarded 
April  21,  1917.  Work  on  the  site  was  started  May  21, 
1917,  and  the  building  completed  Dec.  13,  1917.   Three 

TABLE   I.— DETAILS    OF   GOVERNMENT    STOREHOUSES. 
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4-21-17 
5-23-17 
6-16-17 
7-  6-17 
9-17-17 
8-23-17 
.S-22-17 
8-30-17 
9-29-17 


63,000 
27,300 
27,300 
12,600 
10,000 
21,000 
4,000 
26,000 
2,600 

4,000  11-10-17 
12,200  11-16-17 
6,450  11-  3-17 

3,306      

iL-shaped,  104'^  ft,  and  224%  ft.  on  ends:   3041/,  ft.   and  200  ft. 
•Allow    bearing   on    foundations.     tSteel    tonnage,    estimated, 
on  sides.    =U-shaped.  1841/0  ft.  x  264y2  ft.  with  court  331/2  ft.  wide. 
'A.id  50-ft.  1-story  annex. 

TABLE  II.— COST  OF  GOVERNMENT  STOREHOUSES. 


d^ 


New  York   180x360 

Philadelphia!    

Boston^    

Mare   Island 64x404 

Charleston    61x321 

Puget    Sound 120x240 

New    London 64x224 

Hampton    Roads.  118x494 

Pearl    Harbor. .  . .  61x150 

Newport    61x241 

Wa.shington    100x250^ 

Brooklyn    103x3  03 

Mare    Island 60x186 
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New    York 8,737,000 

Philadelphia    3,604,300 

Boston     2,996,100 

Mare    Island 1,338.400 

Charleston      995,000 

Puget     Sound 2,976,700 

New  London 665,000 

Hampton    Roads. ..  .3,994,123 

Pearl    Harbor 415,000 

Newport     731,474 

Washington    1,981,250 

Brooklyn     795.675 

Mare    Island 473,507 
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712,800 

696,300 

$0,133 

$1.63 

300,300 

.141 

1.65 

251,700 

243,200 

.173 

2.04 

128,700 

125,600 

.148 

1.54 

98,600 

93,100 

.218 

2.24 

287,800 

280,600 

.170 

1.76 

57,000 

54.900 

.180 

2.10 

352,423 

345,073 

.179 

2.03 

37.000 

35,300 

.232 

2.61 

59,409 

56,985 

.202 

2.49 

137,500 

133,900 

.190 

2.74 

74,263 

71,379 

.250 

2.69 

39,757 

38,264 

floors,  however,  were  ready  for  occupancy  on  Sept.  8, 
1917.  Raymond  concrete  piles  were  used  in  the  foun- 
dation. Three  thousand  seven  hundred  and  seventy- 
six  piles  were  used,  averaging  about  23  ft.  in  length, 
and  were  driven  in  30  calendar  days.  The  work  was 
accomplished  with  four  radial  drivers  working  con- 
tinuously. 

Table  I  gives  some  of  the  general  details  of  the  per- 
manent storehouses,  and  Table  II  shows  the  cost  per 
cubic  foot  and  per  square  foot. 


Temperature  of  Steel  and  Colors 
Exposed  to  the  Sun 

A  series  of  observations  was  made  at  Balboa 
Heights  between  April  19th  and  27th  to  determine 
the  ma.ximum  heating  of  steel  exposed  to  the  sun's 
rays  in  this  climate.  Blocks  of  steel  2-in.by2-in.  by 
12-in.  were  exposed  to  the  sun's  rays  in  a  manner 
favorable  for  maximum  heating.  These  blocks  were 
placed  immediately  over  and  lying  on  a  concrete  pave- 
ment, and  were  protected  from  the  wind  to  reduce 
to  a  minimum  the  loss  of  heat  by  conduction  and 
convection.  The  observations  were  made  during  the 
third  decade  of  April,  the  season  of  maximum  solar 
radiation  in  this  latitude,  as  the  midday  sun  is  directly 
overhead  about  April  27th  and  its  rays  fall  vertically 
on  the  earth. 

A  lo-in.  hole  was  drilled  into  the  center  of  each 
steel  block.  The  resulting  well  was  filled  with 
mercury  and  temperature  readings  were  made  every 
15  minutes  by  immersing  the  thermometer  bulb  into 
the  mercury  well. 

The  maximum  steel  temperature  observed  was  138° 
F.  at  3:30  p.  m.,  April  26.  This  reading  is  much 
higher  than  the  maximum  steel  temperature  observed 
at  Culebra  in  March,  1914,  due  to  a  more  favorable 
exposure  of  the  steel  in  the  present  studies. 

It  would  seem  safe  to  assume,  states  the  Panama 
Canal  Record,  that  under  the  most  favorable  natural 
conditions  possible  the  maximum  temperature  of  steel 
exposed  to  the  sun  in  this  climate  is  not  likely  to  ex- 
ceed 135  or  140"  F. 

Similar  records  of  exposed  steel  temperature  made 
at  stations  in  the  United  States  and  elsewhere  are  not 
available.  It  is  thought,  however,  that  the  maximum 
temperature  of  exposed  steel  is  higher  in  the  Canal 
Zone  than  in  the  more  humid  sections  of  the  United 
States,  but  lower  than  in  the  dry  sections  of  the  west 
and  southwest,  as  humidity  in  the  atmosphere  absorbs 
a  considerable  percentage  of  the  sun's  rays,  and  di- 
minishes the  solar  radiation  reaching  the  earth's  sur- 
face. 

Temperature  of  Colors. — Experimental  temperature 
observations  were  also  made  at  Balboa  Heights  to  de- 
termine roughly  the  comparative  heat  absorbing  prop- 
erties of  various  colors  exposed  to  the  sun's  rays. 

Two  steel  blocks  2  in.  by  2  in.  by  12  in.  were  ex- 
posed in  similar  manner.  One  of  these  blocks  was 
painted  black  and  the  other  was  painted  white.  The 
black  steel  temperature  varied  from  about  6°  F. 
higher  than  the  white  steel  temperature  in  the  early 
morning,  to  approximately  20°  higher  in  the  middle 
of  the  day. 

Similar  results  were  obtained  from  two  maximum 
solar  thermometers  exposed  to  the  sun,  the  bulb  of 
one  covered  with  black  bunting  and  the  bulb  of  the 
other  covered  with  white  bunting,  but  the  differences 
between  the  black  and  white  bulb  readings  were  not 
as  great  as  the  difference  between  the  black  and  white 
steel  temperatures. 
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Of  the  various  colors  black  is  known  to  absorb  the 
maximum  percentage  of  a  solar  radiation,  and  white 
absorbs  the  minimum  per  cent. 

Other  colors  were  experienced  with  also.  The  red 
bulb  gave  readings  approximately  half  way  between 
the  white  bulb  and  the  black  bulb,  and  a  thermometer 
bulb  covered  with  navy  blue  bunting  gave  approxi- 
mately the  same  temperature  readings  as  the  black 
bulb. 

The  results  obtained  are  thought  to  be  only  roughly 
comparable,  as  varying  atmospheric  and  other  condi- 
tions may  affect  the  readings,  such  as  wind  move- 
ment, humidity,  intensity  of  solor  radiation;  and  the 
manner  of  placing  the  bunting  cover  on  the  thermom- 
i  ter  bulbs. 

It  would  seem  that  the  maximum  heating  of  corru- 
gated iron  roofing  on  dwelling  houses  in  the  Canal 
Zone  might  be  reduced  approximately  10  F.  by  paint- 
ing these  roof  red  instead  of  black,  or  reduced  20  F. 
by  painting  the  roofs  white. 


Wood  in  the  Construction  of  Mill 
Buildings 

The  Forest  Products  Laboratories  of  Canada  has 
frequently  called  attention  to  serious  financial  losses 
resulting  from  the  ravages  of  so-called  dry  rot  in 
mill  and  factory  buildings  of  wooden  construction. 
In  a  recent  issue  of  The  Canadian  Engineer,  Messrs. 
\V.  Kynoch  and  R.  J.  Blair,  of  the  Laboratories,  point 
out  the  causes  and  effects  of  the  trouble  and  suggest 
precautions  to  be  taken.    The  article  in  part  follows: 

Numerous  cases  in  which  dry  rot  trouble  has  oc- 
curred in  Canadian  buildings  have  been  carefully  in- 
vestigated, and  one  of  these  which  has  been  under 
observation  for  upwards  of  a  year  affords  a  typical 
example  of  a  deplorable  state  of  affairs  which  could 
have  been  entirely  avoided  had  those  concerned  in 
the  erection  of  the  building  been  guided  by  the  neces- 
.sary  knowledge  of  the  technology  of  timber  and  the 
mechanism  of  the  decay  of  wood. 

From  the  point  of  view  of  the  owners  of  the  build- 
ing, the  facts  are  as  follows:  Five  years  ago  a  large 
factory  building  was  constructed  with  heavy  tim- 
ber columns  and  beams  and  laminated  floors  of  2- 
in.  X  6-in.  planks,  overlaid  by  "^-in.  hardwood.  The 
timber  was  but  partially  seasoned  when  installed. 
The  operations  carried  on  in  the  building  are  such 
that  the  relative  humidity  in  the  interior  is  usually 
high.  Serious  decay  was  first  noted  about  three  years 
after  the  erection  of  the  factory,  and  since  that  time 
has  apparently  become  steadily  worse.  The  tearing 
out  of  practically  the  whole  of  the  timber  construc- 
tion has  now  become  imperative,  and  the  owners 
have  decided  to  replace  entirely  with  reinforced  con- 
crete at  an  estimated  expenditure  of  $100,000. 

Causes  of  Decay  of  Wood. — The  decay  of  wood  is 
due  to  the  action  upon  it  of  low  forms  of  plants, 
known  as  wood-destroying  fungi  and  bacteria.  For 
practical  purposes  the  bacteria  may  be  ignored.  The 
germs  of  decay  are  not  inherent  in  timber;  infection 
must  come  from  outside,  and  sound  wood  becomes 
infected  in  two  ways,  namely,  by  contact  with  either 
tissues  or  spores  of  a  wood-destroying  fungus  under 
suitable  conditions  of  temperature,  moisture  and  air 
supply.  It  should  be  noted  that  this  is  not  merely 
an  interesting  theory.  It  is  a  hard  fact  proved  be- 
yond dispute  by  extensive  research  and  thousands  of 
carefully  conducted  tests,  and  we  can  now  induce 
decay  in  timber  at  will  in  the  laboratory.  A  num- 
ber of  kinds  of  fungi  which  can   be  definitely   iden- 


tified are  responsible  for  the  destruction  of  timber 

in  buildings. 

In  the  particular  case  under  discussion  the  range 
of  temperature  and  relative  humidity  of  the  air  in 
the  factory  were  such  as  to  provide  exceedingly 
favorable  conditions  for  the  growth  of  several  of  the 
most  destructive  kinds.  In  addition,  the  unseasoned 
state  of  the  timber  facilitated  decay  because  it  was 
not  even  necessary  for  the  wood  to  absorb  water 
from  the  humid  air  before  reaching  the  moisture 
content  permitting  the  action  of  the  destructive 
agent^the  moisture  was  there  already.  Lastly,  a 
large  (juantity  of  the  timber  u.sed  was  of  rapid 
growth  and  low  density. 

In  mill  or  factory  buildings,  or  parts  of  the  same, 
where  the  operations  carried  on  create  very  favorable 
conditions  for  the  growth  of  fungi,  the  use  of  un- 
treated timber,  especially  timber  of  low  density,  or 
timber  containing  much  sapwood,  is  inviting  disas-  , 
ter.  If  the  timber  be  efficiently  treated,  however, 
there  is  no  objection  to  the  presence  of  a  consider- 
able proportion  of  sound  sapwood  or  to  the  use  of 
sound  second  quality  or  low  density  wood,  provided 
that  where  necessary  due  allowance  be  made  for  the 
lower  strength  of  the  lighter  material.  The  added 
cost  of  treatment  could  therefore  in  some  cases  be 
partially  offset  by  using  less  costly  timber. 

It  must  not  be  inferred  that  treatment  of  timber  for 
mill  construction  is  always  necessary.  It  is  only 
requisite  where  the  conditions  are  especially  exact- 
ing. In  other  cases  the  use  of  timber  of  the  proper 
quality  and  the  obser\'ance  of  the  following  precau- 
tions will  give  reasonable  assurance  of  immunity 
from  decay: 

Precautions  Against  Decay. —  (1)  Only  dense  mate- 
rial of  the  more  durable  species  should  be  used,  and 
the  proportion  of  sapwood  allowed  should  be  small. 

(2)  The  timber  should  be  carefully  inspected  as  to 
soundness,  density  and  proportion  of  heartwood,  and 
material  not  up  to  specifications  should  be  rejected. 

(3)  Planking  should  be  thoroughly  seasoned  in  all 
cases.  In  large  timbers  the  outer  inch  at  least  should 
be  reasonably  'dry. 

(4)  Timber  delivered  on  the  work  should  be  piled 
out  of  contact  with  the  soil  and  with  any  unsound 
wood. 

(5)  All  reasonable  and  practicable  precautions 
should  be  taken  to  keep  the  wood  as  dry  as  possible 
before  and  during  construction. 

(6)  Laminated  floors  should  not  be  built  while  the 
wood  is  wet.  If  this  is  unavoidable,  it  is  advisable 
to  proceed  as  follows:  As  soon  as  the  building  is 
completed  and  the  heating  plant  installed,  close  ail 
doors  and  windows,  raise  the  temperature  inside  the 
building  to.  say,  120'  F.  or  as  near  this  as  possible, 
and  maintain  this  condition  for  several  days.  If  this 
can  be  done  before  building  paper,  pitch  or  hard- 
wood flooring  is  applied  over  the  laminated  flooring, 
so  much  the  better.  (In  the  case  of  storage  or  other 
buildings  not  provided  with  heating  plants,  it  is  sug- 
gested that  some  temporary  means  of  heating  might 
be  used.  Where  this  is  not  feasible  it  would  be  safer 
to   build    with    treated   timber.) 

(7)  Wood  should  not  be  covered  with  pla.ster  or 
other  materials  or  painted  until  at  least  two  years 
after  the  building  has  been  occupied. 

(8)  Construction  at  joints,  where  beams  enter 
walls,  etc.,  should  be  such  as  to  permit  of  ample  ven- 
tilation. 

(9)  Special  care  shouUI  be  taken  in  the  construc- 
tion  of   roofs  when   untreated   timber  is   used.    It   is 
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necessai-y  to  have  the  interior  roof  planking  thor- 
oughly insulated  so  as  to  preveijt  condensation  of 
moisture  on  it  in  winter. 

(10)  An  examination  of  the  planking  and  timbers 
should  be  made  periodically,  say,  half-yearly,  during 
the  first  three  or  four  years  after  the  completion  of 
the  building. 

That  timber  frequently  becomes  infected  in  the 
lumber  yard  and  that  trouble  from  decay  in  mill 
buildings  often  arises  from  the  installation  of  such 
infected  timber  is  beyond  question.  Whenever  infec- 
tion occurs  in  the  lumber  yard  it  is  usually  due  to 
the  existence  of  conditions  which  foster  the  growth 
of  fungi,  such  as  the  following: 

(1)  Location  of  yard  in  a  damp,  low-lying  situa- 
tion, or  neglect  to  provide  proper  drainage. 

(2)  Allowing  decaying  waste  wood  to  accumulate 
in  the  yard  and  to  form  centers  for  the  distribution 

'    of  infection. 

(3)  Using  partially  decayed  foundation  timbers 
for  lumber  piles,  whereby  disease  is  transmitted  to 
sound  lumber  piled  on  same.  (Foundation  timbers 
should  preferably  be  thoroughly  impregnated  with 
creosote  oil.) 

(4)  Piling  lumber  too  near  the  ground,  thus  re- 
tarding circulation  of  air  where  it  is  most  needed 
and  keeping  timber  in  the  lower  part  of  the  piles  in  a 
favorable  condition  .for  infection. 

(5)  Using  diseased  spaces  in  lumber  piles. 

(6)  Permitting  diseased  timber  to  remain  as  part 
of  permanent   structures   in   the  yard. 


Hair  Mat  Method  for  Remedying  Faulty 
Acoustics  in  Office  Buildings 

Present  day  fireproof  construction  often  tends  to- 
ward faulty  acoustics;  the  hard,  flinty  surfaces  that 
form  the  walls  and  ceilings  catch  the  sound  waves  and 
throw  them  back  multiplied  and  magnified.  A  method 
of  eliminating  this  trouble  has  been  developed  re- 
cently. This  consists  of  the  application  of  a  scientific- 
ally constructed  mat  of  woven  hair  to  the  ceiling  and 
when  necessary  to  other  points.  The  millions  of 
minute  interstices  of  the  mat  absorb  the  sound  waves 
in  both  direct  and  reflected  action.  The  mat  is  cov- 
ered in  such  a  way  to  give  the  appearance  of  a  pleas- 
ing and  harmonious  finished  surface,  without  injuring 
the  power  of  absorption.  It  in  no  way  detracts  from 
the  architectural  appearance  or  the  decorative  scheme. 
This  method  is  known  as  the  Wilson  Echoliminator 
Treatment.  The  treatment  is  either  installed  by  en- 
gineers of  the  Department  of  Insulation  and  Acoustics 
of  Wilson  &  Co.,  Chicago,  the  points  of  faulty  acoustics 
being  discovered  and  treated  to  eliminate  the  echo,  or 
the  work  can  be  done  by  the  construction  department 
of  any  firm. 


Building   Industries   Form   National 
Federation 

As  the  result  of  a  conference  of  representatives  of 
the  building  industries  held  last  month  at  Atlantic 
City,  N.  J.,  under  the  auspices  of  the  U.  S.  Chamber 
of  Commerce,  an  organization — the  National  Federa- 
tion of  Building  Industries,  has  been  formed  for  the 
purpose  of  co-operating  with  the  Government  in  car- 
rying on  the  war,  co-ordinating  industrial  activities 
and  conserving  resources.  The  Federation  will  be 
managed  and  its  policies  will  be  devised  and  carried 
out  by  a  body  of  delegates  to  be  known  as  the  Build- 
ing Industries  War  Service  Committee.  The  articles 
of  association  provide  that — 


Any  association  of  buiiding  material  manufacturers  or  deal-, 
ers,  or  of  contractors  engaged  in  building,  or  of  architects  or 
engineers,  or  any  association  of  other  persons,  firms  or  corpora- 
tions related  to  building,  may  become  a  member  of  the  Federa- 
tion and  be  represented  in  the  War  Service  Committee  upon  the 
following  conditions: 

(a)  Members  may  be  either  national  associations  or  regional 
associations. 

(b)  A  regional  association  is  an  association  composed  of 
members  whose  places  of  business  are  located  or  whose  products 
are  distributed  at  large  over  the  United  States. 

(c)  A  regional  association  is  an  association  composed  of 
members  whose  places  of  business  are  located  and  whose 
products  are  distributed  principally  in  a  single  city,  district  or 
region. 

Each  national  association  will  have  three  repre- 
sentatives and  each  regional  association  one  repre- 
sentative on  the  War  Service  Committee.  This  com- 
mittee will  hold  its  first  meeting  Nov.  4. 


Personals 

William  N.  Thatcher  has  resigned  as  county  engineer  of 
Harris  county,  Texas. 

James  Carruthers  has  resigned  from  the  presidency  of  the 
Halifax   Shipyards  Company. 

C.  Stewart  Lee  has  resigned  as  assistant  manager  of  the 
Pusey  &  Jones  Co..  shipbuilders. 

C.  S.  Giles  has  resigned  as  city  engineer  of  Crookston.  Minn., 
to  accept  a  similar  position  at  Grand  Forks. 

C.  O.  Yoakum  has  resigned  as  general  manager  of  the 
Beaumont  Shipbuilding  &  Dry  Dock  Co.,  of  Beaumont,   Tex. 

Joseph  Fargill,  of  New  York,  has  been  appointed  general 
manager  of  the  Lone  Star  Shipbuilding  Co.,  of  Beaumont,  Tex. 

Lyman  Spitzer,  secretary  of  the  Spitzer  Building  Co.,  Toledo, 
O.,  iias  been  commissioned  a  captain  in  the  Quartermaster's 
Corps. 

Prof.  C.  S.  Brown,  of  the  University  of  Tennessee,  has  been 
appointed  State  Fuel  Engineer  with  offices  in  the  Capitol,  Nash- 
ville.  Tenn. 

T.  Albeus  Adams,  of  Montclair,  N.  J.,  has  been  appointed  a 
member  of  the  New  Jersey  Hudson  River  Bridge  and  Tunnel 
Commission,  succeeding  Thomas  N.  McCarter. 

Jeff  D.  Bartlett.  a  business  man  of  Amarillo,  Tex.,  has  been 
appointed  city  manager  of  that  city,  succeeding  A.  W.  Armstrong, 
who  resigned  recently  to  engage  in  other  activities. 

C.  L.  Ingleneld,  formerly  properly  connected  with  the  Fed- 
eral engineers,  has  accepted  a  position  with  the  construction  de- 
partment  of   the   Pittsburgh,    Pa.,    board   of   education. 

Harrv  J.  Johnson,  of  Philadelphia,  Pa.,  has  been  appointed 
housing  and  general  manager  of  the  new  shipyard  village  below 
Gloucester  City,   N.   J.,   where   550  homes  are  being  built. 

Finn  Hannevig.  brother  of  the  president  of  the  Pusey  &  Jones 
Company,  Christoffer  Hannevig.  has  been  appointed  vice  president 
and  general  manager,  with  entire  charge  of  the  Wilmington. 
Del.,    shipyard. 

Arthur  C.  Downs,  assistant  to  Henry  C.  Allen,  city  engineer 
of  Syracuse,  N.  Y.,  has  accepted  a  position  with  the  housing 
department  of  the  Bureau  of  Labor,  with  headquarters  at 
Bethlehem,    Pa. 

John  J.  Maloney,  superintendent  of  construction  with  F.  W. 
Cunningham  &  Sons,  of  Portland,  Me.,  has  been  commissioned 
as  a  first  lieutenant  and  assigned  to  duty  with  the  U.  S.  Quar- 
termaster's Corps.  ,  ,     ,       ,       ,, 

Prof.  L.  A.  Hartley,  who  has  been  a  member  of  the  faculty 
of  the  Universitv  of  iCansas,  has  asked  for  leave  of  absence  for 
the  duration  of  the  war  in  order  that  he  may  go  to  Philadelphia 
where  he  will  take  a  position  under  the  shipping  board. 

A.  R.  Nottingham  has  resigned  his  position  with  Purdue  Uni- 
versity after  5  years'  ser%-ice  to  accept  a  position  at  the  North 
Dakota  Agricultural  and  Mechanical  College  at  Fargo.  He  will 
have  charge  of  the  Government  work  in  the  engineering  de- 
partment. __ 

Robert  S.  Hague,  a  superintending  engineer  of  the  marine 
department  of  the  Standard  Oil  Company,  has  been  called  by  the 
Emergency  neet  Corporation  and  will  have  supervision  of  the 
work  of  speeding  up  the  production  of  steel  ships  in  Pacific 
Coast  yards.  .         _ 

At  the  recent  annual  meeting  of  the  Empire  Engmeermg  Co., 
Inc.,  Contractors-Engineers,  New  York,  the  following  officers  and 
directors  were  elected:  President  and  chairman.  J.  H.  Mc- 
Clement:  vice  president  and  general  manager.  J.  Rulon  Miller, 
Jr.:  vice  president.  Beverly  R.  Value:  secretary,  treasurer  and 
comptroller,  C.  A.  Nicklas.  The  directors  are  J.  H  McClement, 
Alfred  Skitt,  Franklin  Nevins,  Beverly  R.  Value,  J.  Rulon  Miller, 
Jr..  and  C.  A.  Nicklas. 

Industrial  Notes 

The  Chicago  Pneumatic  Tool  Co.  announces  the  appointment 
of  C  W.  Cross  as  special  representative  for  the  sale  of  pneumatic 
tools  to  railroads,  vice  L.  C.  Sprague,  promoted  to  be  district 
manager  of  sales  for  the  company  at  New  York. 

E.  I.  du  Pont  de  Nemours  &  Co.,  of  Wilmington.  Del,,  has 
equipped  a  large  office  building  solely  for  the  use  of  its 
Advertising  Division.  The  Du  Pont  American  Industries  and 
the  advertising  managers  of  the  individual  companies  are:  The 
Arlington  Works.  A.  R.  Kneale:  Du  Pont  &  Harrison  Chemical 
Works,  L.  B.  Steele;  Du  Pont  Fabrikoid  Co  .  A.  H.  Berwald: 
Du  Pont  Dve  Works.  S.  F.  Withe:  Harrison  &  Bridgeport  Paint 
Works.  J.  Coleman  Bentley;  Industrial  Explosives,  E.  F.  Carley: 
Agricultural  Explosives,  F.  W,  Wilson:  Snorting  Powders,  Ed- 
mund Doremus.  The  Canadian  Advertising  of  the  Arlington 
Company,  Ltd.,  and  the  Du  Pont  Fabrikoid  Company,  Ltd.,  both 
of  CanacJa,  is  in  charge  of  J.  M,  Cane. 
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A  Suggested  Form  of  Road  Con- 
tract Based  on  Efficiency  and 
"Speed  Factor" 

Mr.  S.  E.  Fitch,  an  engineer  in  the  highway  depart- 
ment of  New  York  state,  recently  suggested  an  inter- 
esting plan  for  making  road  contracting  safe  and 
profitable  for  efficient  contractors,  while  at  the  same 
time  securing  speed  and  low  cost  for  the  public.  He 
calls  attention  to  a  fact  that  has  grown  all  too  familiar 
to  most  of  us,  namely,  that  "Low  bidding  has  forced 
the  more  able  contractor  out  of  the  road  business, 
and  has  sent  the  less  able  one  into  bankruptcy." 
Therefore  he  concludes  that  the  present  method  of 
"letting  .state  road  contracts  to  the  lowest  bidder 
who  can  furnish  bonds  has  serious  fundamental  de- 
fects." Agreed.  His  proposed  solution  of  this  eco- 
nomic problem  is  somewhat  like  certain  solutions 
previously  offered  in  that  it  would  secure  to  the  con- 
tractor as  his  fee  a  "percentage  of  the  savings  under 
any  estimated  cost  which  he  might  effect."  The  more 
novel  parts  of  his  solution  are  two:  First,  each  con- 
tractor to  bid  a  unit  profit  on  each  class  of  units. 
Second,  each  total  profit  plus  bid  to  be  multiplied  by 
the  contractor's  ".speed  factor"  established  on  his 
last   road  job. 

The  "speed  factor"  would  be  determined  by  divid- 
ing the  actual  construction  time  by  an  estimated 
"standard  time"  fur  that  job.  A  "standard  cost" 
would  also  be  estimated,  and  the  contractor's  bid 
profit  or  fee  would  be  increased  by  a  percentage  of 
the  saving  effected  below  the  "standard  cost."  It  is 
contended  that  in  this  way  competition  would  operate 
in  awarding  contracts,  and,  at  the  same  time,  the  re- 
corded "speed  factors"  would  serve  to  eliminate  con- 
tractors who  are  not  capable  of  handling  work 
rapidly. 

The  "unit  profit"  bid  on  each  class  of  work  (say,  5 
ct.  per  cubic  yard  on  earthwork)  would  cover  the 
contractor's  profit  for  his  own  services  and  that  of 
his  "organization,"  and  would  not  include  a  return 
for  the  use  of  equipment.    .A  schedule  of  rental  prices 


for  the  use  of  each  kind  and  size  of  equipment  would 
be  specified   in   the  contract. 

"The  speed  factor  and  the  sliding  scale  of  profit 
would  act  as  an  automatic  governor  to  maintain  the 
proper  relation  between  the  time  of  construction  and 
the  cost  of  the  work." 

Plans  of  this  sort  merit  the  careful  consideration 
of  highway  engineers,  for  it  is  clear  to  most  e.xperi- 
enced  road  builders  that  the  old  form  of  competitive 
unit  price  bidding  is  doomed  to  extinction.  There 
are  two  serious  objections  to  the  cost-plus-a-fee  con- 
tract as  hitherto  generally  used:  First,  in  that  it 
permits  favoritism  in  the  award  of  contracts,  and  is 
therefore  open  to  suspicion  where  public  works  are 
involved.  Second,  in  that  it  removes  the  main  in- 
centive to  do  the  work  as  economically  as  possible. 


A  Society  of  Draftsmen  Joins  the 
American  Federation  of  Labor 

A  good  many  civil  engineers  have  felt,  for  some 
time,  that  many  draftsmen  would  eventually  join  a 
labor  union  unless  they  were  able  otherwise  to  secure 
what  they  regard  as  being  adequate  salaries.  Such  a 
step  has  at  last  been  taken  by  about  1.000  draftsmen 
in  (invernment  employ.  The  Washington  Society  of 
Draftsmen  has  been  formed  and  has  become  affiliated 
with  the  American  Federation  of  Labor,  as  Union 
No.  16137.  We  predict  that  this  movement  will 
spread,  much  as  it  may  be  deprecated  by  most  engi- 
neers who  are  not  draftsmen. 

Commenting  on  this  matter  in  our  issue  of  Aug.  21. 
Mr.  O.  W.  Childs  said: 

Tin-  .•nKiM.-.TlnK  »o<U-tU-.s  un<l  papers  have  taken  iKIt  little 
inl.r.jit  III  111.-  w.-lfnrr  of  i-nKlnr.Ti.  uml  the  fni:ln«r«  aro  l>o- 
Kliiiiliik-   to   linil   "III    Hint    thi-y    n.'>-.l   hi'lji   In   Ihli>   lino. 

While  Mr.  Childs  makes  too  sweeping  a  generaliza- 
tion, it  is  a  fact  that  engineers  have  hitherto  done 
relatively  little  toward  securing  adequate  salaries  for 
engineers  and  draftsmen.  In  fact  a  great  many  en- 
gineers in  high  positions  have  done  all  they  could  to 
keep  down  the  salaries  of  their  subordinates.  For 
example,  the  chief  engineer  of  a  great  public  works 
job  actually  bragged  that  he  had  kept  the  engineer- 
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ing  expense  down  to  3  per  cent  of  the  total  cost  of 
the  job.  In  accomplishing  this  end  he  had  paid  the 
minimum  salaries  that  young  engineers  seeking  ex- 
perience were  willing  to  accept.  Was  this  an  honor- 
able thing  to  do?  Was  it  likely  to  prove  economic  for 
the  public  in  the  long  run?  Was  it  a  very  exceptional 
act?  We  think  not.  Shortsightedness  and  selfishness 
are  much  too  frequent  even  among  engineers  in  high 
positions. 

If  engineers  in  high  positions  are  "only  human," 
and  therefore  not  always  humane,  engineers  in  low 
positions  can  scarcely  be  blamed  if  they,  too,  prove 
"only  human,"  even  if  in  doing  so  they  also  prove 
shortsighted. 

Tired  of  waiting  for  adequate  salaries,  a  thousand 
draftsmen,  many  of  whom  are  graduate  engineers, 
have  joined  a  labor  union.  For  those  engineers  who 
expect  to  remain  draftsmen  perhaps  it  was  a  wise 
move  to  become  members  of  the  American  Federation 
of  Labor,  but  we  doubt  the  wisdom  of  such  a  step  even 
for  them.  For  men  who  hope  to  aid  in  establishing 
civil  engineers  as  leaders  and  managers  of  public 
affairs,  it  would  be  a  serious  mistake  to  join  any 
labor  union  that  uses  the  strike  as  a  weapon  to  se- 
cure its  demands.  Now,  as  never  before,  engineer- 
ing societies  are  fraternizing  largely  for  the  purpose 
of  educating  the  public  to  recognition  of  the  real 
worth  of  engineering.  Surely  it  is  better  thus  to  work 
toward  adequate  remuneration  by  creating  a  larger 
demand  for  and  a  wiser  appraisal  of  engineers,  than 
to  attempt  to  force  the  public  to  pay  larger  salaries  to 
members  of  this  profession. 


The  Universal  Enforcement  of  the 

"Skip-Stop"  Plan  by  the  Fuel 

Administration  Is  a  Great 

Object  Lesson  in 

Economics 

Is  it  eventually  to  become  one  of  the  functions  of 
our  Federal  Government  to  force  individuals  and 
corporations  to  use  economic  methods  and  machines? 
The  question  is  no  longer  academic,  for  the  exigen- 
cies of  war  have  already  led  to  Government  action  of 
this  sort.  The  latest  and  most  startling  of  these  acts 
is  the  enforcement  of  the  "skip-stop"  plan  of  operat- 
ing street  cars,  a  plan  that  was  fully  described  in 
our  issue  of  Aug.  21. 

The  Federal  Fuel  Administration  has  ordered  all 
street  railway  companies  to  put  into  effect  the  "skip- 
stop"  system  on  all  lines  by  the  end  of  September. 
Careful  estimates  and  experience  with  the  plan  of 
not  stopping  street  cars  at  every  corner  have  led  to 
the  conclusion  that  10  per  cent  of  the  coal  used  by 
street  car  companies,  or  1,600,000  tons  annually,  can 
thus  be  saved.  This  plan  has  been  in  successful  op- 
eration for  seven  years  in  Kansas  City,  for  six  years 
in  Cleveland,  and  for  shorter  lengths  of  time  in  more 
than  a  dozen  other  cities.  But  if  left  to  the  ordinary 
course  of  economic  progress  another  seven  years 
would  elapse  before  the  "skip-stop"  plan  would  be  in 
use  in  a  quarter  of  our  cities.  Why?  Simply  mental 
inertia  and  the  opposition  of  local  politicians. 

The  average  city  councilman  is  keen  not  to  offend 
even  a  small  minority  of  the  voters,  for  he  realizes 
that  voters  that  are  offended  are  militant,  whereas 
voters  that  are  pleased  are  usually  inert.  Now  it  al- 
ways displeases  a  small  minority — usually  about  one 
in  four — of  those  who  ride  in  street  cars  to  be  com- 


pelled to  walk  an  extra  block  in  a  round  trip  "to 
town."  What  matters  it  to  the  one  short-distance 
rider  if  three  other  longer  distance  riders  favor  the 
"skip-stop"  plan  because  it  reduces  their  traveling 
time  20  per  cent?  This  is  but  one  of  many  instances 
of  the  rule  of  a  militant  and  selfish  minority,  made 
possible  by  our  "representative  system"  of  city  gov- 
ernment. But  suddenly  a  new  phenomenon  appears.  A 
branch  of  the  Federal  administration,  caring  noth- 
ing for  militant  minorities  but  caring  a  great  deal 
about  winning  the  war,  is  brought  by  electric  rail- 
way engineers  to  see  that  a  vast  tonnage  of  coal  can 
be  saved  by  the  "skip-stop"  plan.  Whereupon  an 
order  is  issued  to  every  street  railway  to  adopt  this 
plan  within  a  month. 

Conceive,  if  you  can,  what  could  be  accomplished 
in  America  in  the  way  of  increased  productivity  and 
economy  if  our  Federal  Government  had  the  authority 
to  make  every  individual  and  every  company  adopt 
any  method  or  device  that  had  been  proved  to  be 
economic.  No  engineer  acquainted  with  the  applica- 
tion of  the  principles  of  the  science  of  management 
can  doubt  that  if  the  universal  adoption  of  those 
principles  could  be  forced  upon  producers  in  general, 
this  nation  could  increase  its  productivity  fully  25 
per  cent.  That  would  alone  add  more  than  twelve 
billion  dollars  annually  to  the  national  income.  But 
that  is  not  all.  The  application  of  the  principles  of 
the  science  of  management  is  only  a  fraction  of  the 
total  enginery  at  our  disposal.  We  have  literally 
countless  labor  and  material  saving  machines  and  ap- 
pliances that  are  scarcely  used,  although  many  of 
them  are  generations  old.  Does  this  sound  incredi- 
ble? Certainly  not  to  any  engineer  who  has  a  wide 
acquaintance   with  the   literature   of   engineering. 

Take  so  simple  a  thing  as  the  heat  insulator  for 
steam  pipes  and  boilers.  It  has  been  known  to  en- 
gineers for  nearly  a  century  that  by  encasing  boilers 
and  pipes  with  magnesia  or  other  suitable  insulators, 
practically  all  heat  radiation  and  conduction  losses 
could  be  stopped.  Furthermore,  it  has  been  known 
to  engineers  that  the  saving  in  fuel  thus  effected 
would  pay  an  annual  interest  of  20  per  cent  on  the 
cost  of  the  heat  insulator.  But  go  into  the  basements 
of  steam-heated  residences  if  you  want  to  get  a  con- 
ception of  how  rarely  this  knowledge  is  applied.  The 
landlord  may  know  that  heat  insulators  would  earn  a 
big  return  on  their  cost,  but  since  they  would  earn  it 
for  the  tenant  and  not  for  himself,  he  does  not  cover 
the  boiler  and  pipes  adequately  if  at  all.  The  tenant, 
even  if  he  knows  the  economics  of  heat  insulating, 
will  not  spend  the  money  for  insulators  whose  use 
he  may  not  enjoy  for  more  than  a  year  or  two  be- 
fore he  moves  out.  For  similar  reasons  very  few 
houses  have  double  windows,  although  double  win- 
dows will  save  fully  15  per  cent  of  the  fuel  required 
to  heat  the  average  house.  On  these  matters  the  fuel 
administration  has  power  to  act,  and  it  should  act. 

In  our  issue  of  March  27  we  published  directions 
for  house  heating  prepared  by  the  Engineering  Group 
of  the  Denver  Civic  and  Commercial  Association.  The 
engineers  estimated  that  by  following  those  directions 
fully  20  per  cent  of  the  fuel  commonly  used  in  heat- 
ing buildings  can  be  saved.  Of  the  600,000,000  tons 
of  coal  annually  produced,  about  one-sixth  is  used 
in  households  and  other  buildings.  Hence  if  one-fifth 
of  this  100,000,000  tons  can  be  saved,  it  would  amount 
to  20,000,000  tons  annually.  Experienced  mechanical 
engineers  estimate  that  of  the  500,000,000  tons  used 
for  steam  power  purposes,  fully  10  per  cent  can  be 
readily   saved  by   utilizing  methods  that  have  been 
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well  known  to  engineers  for  20  years.  In  short,  by 
the  universal  application  of  long  known  methods  of 
fuel  saving  it  would  be  possible  to  save  fully  70,000.- 
000  tons  of  coal  every  year,  and  this  with  a  com- 
paratively slight  outlay  of  capital  for  new  apparatus, 
etc. 

The  fuel  administration,  by  ordering  the  universal 
adoption  of  the  "skip-stop"  plan  has  given  the  nation 
an  object  lesson  in  economics  that  will  be  very  benefi- 
cial. Let  the  administration  now  extend  the  same 
general  plan  to  every  user  of  fuel,  and  make  it  com- 
pulsory to  apply  well  established  engineering  knowl- 
edge in  effecting  fuel  economy.  By  making  us  save 
more  than  $300,000,000  worth  of  fuel  each  year,  we 
may  come  to  realize  that  it  pays  to  have  Federal 
bodies  with  authority  to  put  into  universal  effect 
every  economic  measure  that  engineers  and  inventors 
have  demonstrated  to  be  sound. 


tion  of  what  engineering  is  and  what  it  can  accom- 
plish. 

Would  it  not  be  wise  for  every  engineer  at  least 
to  read  one  book  on  advertising  and  subscribe  for  a 
magazine  on  advertising?  Would  it  not  be  wise  for 
many  city  and  county  engineers  to  write  proposal  ad- 
vertisements?    We  think  so. 


The   Salaries  of  Municipal   Kngi- 

neers    in    (^hicaj^o   Have    Been 

Stationary  for  Twenty  Years 

In  another  column  we  have  commented  upon  the 
action  of  1.(10(1  draftsmen  who  have  joined  a  labor 
union.  Many  engineers  are  apt  to  take  a  similar  step 
before  long,  unless  engineering  societies  bestir  them- 
selves. John  Ericson,  City  Engineer  of  Chicago,  re- 
cently said: 

our  ••iiiiiiir.rinK  ni'itT  In  irrratly  <li-plrt<-il.  »o  hatlriK  lo»l  many 
of  our  fomior  •■niploytwii  ollhor  thn.uKh  ••nterlnic  lh.«  Army  or 
Navy  or  ar>e|>linK  more  lucrallvc  posltlonii  eUifWhere.  The  City 
Council.  nutwilhHtanUInt;  reprateil  ret|ue»tj<,  has  not  aa  _y«t  »e*n 
tit  to  IntreiiHO  the  Kilarlen  of  enKlncer*.  which  have  been  ata- 
tlonary  for  ahout  20  ywini.  with  the  result  that  there  ta  no 
p.irtl.ular  Imhuement  for  any  engineer  of  any  capahllltlea  at  the 
pre,-»ent    time   to  enter  the  oity'«   servUe. 

This  is  a  condition  that  is  not  confined  to  Chicago. 
Indeed  it  i.s  typical.  What  are  engineering  societies 
doing  to  change  such  conditions? 


How  the  Government  Wastes 
Paper 

All  publishers  are  now  required  to  use  extreme 
measures  in  an  effort  to  reduce  the  consumption  of 
paper — all  but  the  various  branches  of  Government. 
Editors  of  daily  papers,  as  well  as  of  class  periodicals, 
are  recipients  of  more  "publicity  matter"  than  ever 
from  the  Federal  Government.  Very,  very  little  of  it 
is  regarded  by  its  recipients  as  being  worth  reprint- 

ing  even  in  brief  abstract.     It  would  seem  that  about      J-JoW     tO      Drive     ReSpiratOrV     Dis- 
three-fourths   of   the   paper  thus   sent   out   could    be  _^  i        /^        .^  "      ... 

eases  From  the  Cantonments 

Respiratory  disea.ses  have  cau.sed  nearly  all  the 
sickness  and  deaths  in  American  army  cantonments. 
Typhoid,  which  created  such  disaster  during  the  Span- 
ish war,  is  almost  unknown  in  our  army  camps.  It  is 
said  that  respiratory  di.seases  could  be  similarly  re- 
duced if  the  soldiers  and  the  general  public  would 
stop  spitting  and  coughing  promiscuously.  But  the 
publicity  campaign  by  which  it  is  aimed  to  bring  this 
about  is  not  likely  to  succeed  for  many  years,  if  ever. 
On  the  other  hand,  there  is  a  means  that  can  be  ap- 
plied with  assurance  of  success.  Every  cantonment 
should  be  provided  with  a  smooth,  hard  pavement 
that  should  be  tlu.-^hed  thoroughly  with  water  twice 
daily.  Wash  the  germ-laden  dust  into  the  sewers,  and 
require  every  soldier  to  flush  his  nose  and  throat 
twice  a  day  with  an  antiseptic.  If  that  is  done  there 
will  be  a  speedy  relief  from  the  serious  inroads  of 
pneumonia,  "colds,"  etc. 


saved,  simply  by  having  each  broad  class  of  period- 
icals at  Washington  represented  by  a  competent 
editor.  Thus  if  a  trained  technical  editor  were  to 
pass  on  all  matter  that  it  was  proposed  by  the  differ- 
ent Government  departments  to  send  to  the  engineer- 
ing periodicals,  it  is  safe  to  say  that  one-third  the 
present  amount  of  Government  publicity  matter 
would  suffice.  A  recent  chat  with  the  editor  of  a 
dSily  paper  has  led  the  writer  to  conclude  that  a  sim- 
ilar editing  in  Washington  would  eliminate  about  80 
per  cent  of  the  printed  matter  now  being  sent  to  daily 
papers. 

The  excessive  use  of  the  franking  privilege  by 
Congressmen  has  long  been  a  scandal,  but  there  have 
been  few  comments  on  the  broadest  distribution  of 
reprints  of  speeches  from  the  Congressional  Record. 
Rarely  is  one  of  those  speeches  read  by  a  recipient  of 
it,  and  still  more  rarely  is  it  worth  reading  by  any 
one.  Now  that  the  clamp  of  necessity  is  being  used 
to  squeeze  down  the  size  of  daily  papers,  it  would 
seem  at  least  no  more  than  equitable  to  apply  the 
same  squeezing  machinery  to  the  printed  speeches  of 
our  legislators. 


Engineers  Should  Study  Art  of 
Advertising 

It  would  be  well  if  many  an  ongiiu-er  ^jtc  to  spend 
fully  a  year  in  the  publicity  department  of  a  large 
company  or  with  an  advertising  agency.  It  would  be 
well  for  such  engineers  personally,  and  it  would  be 
well  for  the  engineering  profession.  Relatively  few 
engineers  appreciate  the  educational  power  of  pub- 
licity. Still  fewer  know  how  to  apply  that  power 
efficiently.  But  if  engineering  is  to  become  the  domi- 
nant profession  in  public  as  well  as  in  private  af- 
fairs, it  will  re<iuire  publicity  on  a  large  .scale.  Not 
only  the  voting  public  in  general  but  the  heads  of 
many  business  enterprises  lack  an  adequate  concep 


The  Hazards  of  the  Road  Contract- 
ing IkisinessinNew  York  State 

"Three  quarters  of  the  contractors  engaged  on  New 
York  state  road  work  during  the  past  few  years  (and 
there  have  been  more  than  200 1  have  cea.sed  to  be 
active.  Most  of  these  are  known  to  have  been  in 
financial  difficulties."  This  statement  was  made  by  a 
New  York  engineer  and  contractor  last  fall  who  at- 
tributed this  condition  to  the  hazards  of  the  business. 
The.se  hazard.s,  he  claims,  have  become  unbearable, 
largely  because  the  form  of  contract  has  placed  the 
entire  burden  of  uncertainty  upon  the  contractor.  As 
an  example  he  cites  the  rejection  of  stone  from  a 
quarry  that  had  been  marked  on  the  plans  as  being 
acceptable,  resulting  in  an  increased  cost  of  $15,000 
on  that  one  item. 

In  an  article  a  New  York  State  Highway  Engineer 
attributed  much  of  the  recent  misfortune  of  contrac- 
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tors  to  low  bidding  by  inexperienced  firms.  He  added 
that  large  profits  were  made  by  the  early  contractors 
for  state  roadwork,  and  that  the  knowledge  of  this 
had  attracted  hordes  of  profit-seekers.  In  this  he 
was  mistaken.  The  editor  completed  the  first  New 
York  state  road  contract  about  18  years  ago,  and  con- 
sidered himself  lucky  in  "breaking  even."  He  knew 
personally  scores  of  other  New  York  state  contractors 
who  had  the  same  experience,  or  worse,  during  the 
following  10  years.  In  short,  the  history  of  state  road 
contracting  in  New  York  for  18  years  has  been  one 
of  almost  universal  disaster.  But  so  little  publicity 
has  been  given  to  the  fact  that  each  year  has  yielded 
its  "new  crop  of  fools"  who  have  tried  to  "beat  the 
game."  It  can't  be  done  under  the  present  form  of 
contract  in  New  York  state,  and  we  doubt  whether  it 
can  be  done  in  any  state  where  inexperienced  men 
are  given  contracts  and  where  the  contractor  is  re- 
quired to  assume  all  the  risks. 


Experiences  with  Street  Flushing 
at  Worcester,  Mass. 

To  the  Editor:  In  your  issue  of  Aug.  7,  I  notice  an 
article  headed,  "A  Street  Ought  to  Be  Built  Like  a 
Hospital  Floor,"  which  treats  with  the  matter  of 
flushing  city  streets. 

As  Street  Commissioner  of  the  city  of  Worcester, 
Mass.,  up  to  the  middle  of  May  of  this  current  year 
it  was  my  good  fortune  to  install  the  first  system 
of  trolley  car  flushing  with  swinging  arm  which  had 
been  installed  in  any  city  in  the  United  States.  This 
flusher  was  able  to  wash  and  flush  with  ease  our 
widest  streets,  which  are  mostly  composed  of  cement 
grouted  granite  block,  many  of  them  from  10  to  20 
years  of  age.  These  trolley  car  flushers,  with  the 
addition  of  motor  truck  flushers  on  side  streets  not 
covered  by  street  railway  tracks,  were  operated  over 
every  street  in  the  city  carrying  any  type  of  pave- 
ment whose  nature  was  in  any  way  permanent.  In 
other  words,  we  flushed  granite  block,  grouted  or 
sand  joint,  asphalt,  wood  block,  brick,  topeka  and 
cement  concrete  pavements  with  bituminous  blanket 
surfaces. 

This  system  has  been  in  operation  for  over  3  years 
and  no  particularly  injurious  effects  have  been  noted 
in  the  case  of  any  of  these  pavements.  In  fact, 
with  the  butuminous  surfaces  it  is  much  better  to 
have  them  flushed  and  washed  once  a  day  than  to  be 
continually  sprinkling  them  through  the  day  time, 
allowing  the  water  to  lay  on  the  surfaces,  instead 
of  being  flushed  off  by  pressure,  and  collecting  in 
depressions  and  rotting  the  material.  The  streets 
are  flushed  daily,  at  night  when  the  traflic  is  clear, 
and  are  ready  in  the  morning,  clean  and  bright  as  a 
newly  scrubbed  kitchen  floor. 

The  best  results  are  obtained  from  the  cement 
grouted  granite  block  pavements.  Some  doubt  has 
been  expressed  in  regard  to  sand  joint  granite  block 
paving  standing  up  under  flushing,  but  after  an  ex- 
perience of  3  years  or  more  flushing  this  type  of  pave- 
ment every  night  during  the  season,  from  April  to 
October,  I  can  state  positively  that  no  injurious  re- 
sults occur;  that  the  pavement  is  made  much  cleaner 
than  it  could  be  made  in  any  other  way,  and  the  work 
is  being  continued  day  after  day  without  injury  to 
the  pavement. 

Boston,   Mass.  A.   T.   Rhodes. 


Causes  of  Unrest  Among  Drafts- 
men 

To  the  Editor:  Since  a  draftsmen's  union  has  been 
organized  as  stated  in  your  issue  of  Aug.  21  the  fol- 
lowing letter  which  I  wrote  on  July  15,  1918,  to  the 
U.  S.  Department  of  Labor  may  be  of  interest  to  you: 

I  have  carefully  .■stuOied  the  definitions  of  "engineer"  and 
"draftsman"  which  you  recently  submitted  to  me.  I  regret  to 
say   that  I  fail  to  find  anything  very  definite  about  them. 

Just  why  engineers  persist  in  trying  to  separate  draftsmen 
and  engineers  is  more  than  I  can  see.  If,  as  F.  H.  Newell  says, 
an  engineer  "is  primarily  a  man  of  ingenuity,"  then  a  drafts- 
man is  an  engineer  pure  and  simple,  for  is  he  not  responsible 
for  most  all  the  ingenuity  displayed  in  engineering?  Then  why 
not  call  him  an  engineer?  The  term  draftsman  is  not  one  which 
conveys  any  mark  of  respect;  rather  it  is  decidedly  the  opposite, 
and  draftsmen  object  to  it. 

My  plea  is  for  a  profession  in  which  all  are  engineers  pre- 
cisely the  same  as  the  medical  profession  in  w^hich  all  are  doc- 
tors. It  is  only  the  narrow  minded  and  falsely  educated  engi- 
neers who  insist  on  the  sub-divisions,  sub-titles  and  segregation 
in  societies  which  prevents  a  united  profession.  I  would  refer 
these  men  to  the  Standard  Dictionary,  which  gives  as  one  def- 
inition for  "engineer,"  "one  who  runs  an  engine."  I  can  assure 
you  that  if  the  self-styled  engineers  continue  to  exclude  the 
so-called  draftsman  from  the  engineering  profession  that  there 
will  be  draftsmen's  unions  formed  and  the  field  is  now  over- 
ripe for  this   development. 

Jly  suggestion  is:  Fir.st,  that  the  use  of  the  words  draftsman 
and  drafting  room  be  entirely  eliminated,  so  far  as  possible,  and 
that  engineer  and  engineering  department  be  substituted.  Sec- 
ond, that  engineer  indicates  a  member  of  the  engineering  pro- 
fession (a  profession  beinr?  an  occupation  that  involves  a  liberal 
educiition  and   mental  rather  than  manual   labor). 

Whether  the  union  was  organized  or  not  is  not  so 
much  to  the  point  as  the  cause  of  existing  conditions 
and  unrest  among  draftsmen.  Draftsmen  have  been 
the  victims  of  a  great  many  crimes  which  may  be  gen- 
erally summed  up  as  oflice  mismanagement  and  a 
feeling,  which  amounts  almost  to  contempt,  held  to- 
wards them  by  other  engineers  not  now  "on  the 
board." 

Actual  and  comparative  low  salaries  is  the  surface 
cause  for  resorting  to  the  union.  Naturally,  drafts- 
men who  are  receiving  $5  to  $7  per  day  feel  discon- 
tented when  coal  miners  receive  $6  to  $20  and  steel 
rollers  as  much  as  $40  per  day.  The  line  of  least  re- 
sistance is  to  swallow  the  bait  of  a  walking  delegate 
and  join  a  union.  That  is,  without  intelligently  argu- 
ing the  principles  involved  and  actuated  by  greed  for 
more  money  regardless  of  worth,  they  play  a  dollar 
on  the  union  and  gamble  on  squeezing  ten  from  their 
employer — for  the  present  a  safe  gamble.  The  reck- 
oning must  come  later.  Germany  convinced  herself 
that  the  world  could  be  ruled  by  force  instead  of 
reason,  but  the  world  has  refused  to  be  either  so  con- 
vinced or  ruled.    All  union  men  should  note  this  fact. 

Dn  not  mistake  my  attitude  toward  the  unions.  The 
good  they  do  is  evident,  but  if  any  of  their  methods 
are  wrong  they  should  be  exposed  and  fought.  It  is 
well  known  that  the  American  Federation  of  Labor 
desires  power — great  power.  It  is  also  well  known 
that  draftsmen,  though  few  in  numbers,  possess  great 
power,  when  organized.  In  fact  draftsmen  could  pre- 
vent the  turning  of  almost  every  wheel  in  industry. 
Be  it  understood  that  there  is  no  distinction  between 
designers  and  draftsmen.  Is  it  any  wonder  then  that 
the  Federation  wants  the  draftsmen?  But  the  de- 
luded draftsmen,  who  might  possess  their  power  en- 
tirely independent  of  the  unions,  throw  it  all  into 
the  arms  of  labor,  becoming  subservient  to  them  and 
subject  to  strike  call  in  support  of  some  hod-carriers' 
demands.  Draftsmen  as  a  class,  are  better  educated 
than  mechanics  and  it  is  hard  to  see  just  how  a  gain 
in  salary  can  offset  the  loss  in  position  effected  when 


(52) 


September  4.  I'MS. 


i:\(  .1 N  [•:p:kixg   and   contracting 


231 


the  intelligent  are  at  the  mercy  of  the  lesser  intelli- 
gent. A  colletfe  education  has  been  wasted  on  a  man 
whi>  thinks  that  his  happiness  can  be  found  solely  in 
accumulatini;  the  ainiiKhty  dollar. 

Referrinj;  to  the  above  letter  it  will  be  seen  that  I 
do  not  blame  the  draftsman  for  existing  conditions 
as  much  as  the  "self-styled"  engineer.  He  is  pre- 
sumed to  be  older,  more  experienced,  more  intelligent 
and  broader  minded  and  should  claim  the  draftsman 
as  his  own,  rather  than  try  to  separate  him  in  a  dif- 
ferent class.  Right  here  let  me  say  a  word  to  thesr 
engineers.  German  engineers  have  gone  througl 
this  question  of  organization  and  they  have  their  em- 
ployes' society  which  amounts  to  a  union.  I  am  ac- 
quainted with  several  Germans  in  this  country,  who 
know  not  the  meaning  of  democracy,  and  wish  to  pre- 
serve their  class  distinction  here.  This  is  subtle 
proof  to  me  that  American  engineers  are  once  again 
allowing  themselves  to  be  influenced  by  the  German 
idea. 

However,  I  do  believe  that  draftsmen  are  entitled 
to  receive  higher  pay,  particularly  for  the  best  men. 
Further,  1  think  the  latter  are  worth  at  least  100  per 
cent  more  than  they  are  getting.  They  are  worth  it 
for  this  reason:  in  order  to  qualify  for  a  position  of 
"experienced  draftsman"  they  must  have,  as  a  rule, 
the  equivalent  of  a  college  education  and  about  6 
years'  experience.  In  other  words,  a  man  must  go 
through  many  years'  training  to  fit  himself  ror  his 
work.  The  work  is  so  responsible,  so  highly  exact- 
ing, that  he  is  a  nervous  wreck  by  forty  and  must 
take  up  some  other  work.  These  are  points  to  con- 
sider when  talking  of  draftsmen's  salaries. 

There  is  just  one  way  to  forestall  the  spread  of 
unionism  among  draftsmen  and  that  is  to  grant  them 
healthy  increases.  If  it  is  not  done  voluntarily,  it 
will  be  forced  by  the  unions  anyway.  The  next  thing 
which  must  follow  quickly  is  the  introduction  of 
scientific  management  and  an  increase  in  the  caliber 
of  the  average  chief  draftsman. 

R.  \V.  Shelmire, 
Secretary,  Chicago  Chapter,  American  Associa- 
tion of  Engineers. 

Chicago,  111. 


Suggestion   for  Study  of  Street- 
Cleaning  Methods 

To  the  Editor:  In  your  issue  of  Aug.  7th,  we  notice 
a  commendable  article:  "Some  of  the  Things  the 
Engineering  Council  May  Accomplish,"  printed  on 
page  138. 

Point  No.  15,  "Ditto  as  to  street  flushing,"  would 
seem  to  suggest  to  the  Engineering  Council  that  the 
public  should  be  educated  as  to  the  economic  advan- 
tages of  street  flushing  to  the  exclusion  of  any  other 
method  of  cleaning  streets.  This  is  palpably  as  un- 
desirable as  to  suggest  that  they  should  be  educated 
to  the  Elgin  method  to  the  exclusion  of  all  other 
methods. 

We  know  of  cities  that  report  the  cost  of  cleaning 
by  the  Elgin  method  at  a  lower  figure  than  flushing. 

Would  it  not  be  better,  and  fairer,  to  suggest  to  the 
Engineering  Council  that  they  educate  the  public  to 
the  idea  of  having  streets  cleaned  thoroughly,  effi- 
ciently, and  in  the  most  economical  manner?  As  a 
supplement  to  this,  the  Engineering  Council  could, 
if  it  cared  to.  undertake  investigations  to  indicate  the 
costs  of  various  methods  of  cleaning  streets.  And  if 
time   permitted,   the   Engineering  Council   could   pro- 


ceed to  secure  data  as  to  the  efficiency  of  the  various 
methods,  the  quality  of  cleaning  actually  obtained,  the 
effect  on  the  pavements  if  any.  the  desirability  of  va- 
rious systems  in  connection  with  motor  truck  hauling, 
the  value  of  street  cleaning  by  the  various  methods 
to  the  health  of  the  community,  etc.,  etc. 

Geo  C.  Dodge. 
.New  York,  N.  Y.  Elgin  Sales  Co. 


Profit  or  Loss  Sharing  Agreement 

in  (Contracts  of  \'irginia  State 

Highway  Commission 

A  profit  or  loss  sharing  agreement  for  payments 
lor  work  done  by  contractors  is  being  employed  by 
•he  State  Highway  Commission  of  Virginia.  "This  is 
practically  the  same  as  the  South  Dakota  State  High- 
way Department  contract,  di.scussed  in  the  Aug.  21 
issue  of  Engineering  and  Contracting,  and  is  along 
the  lines  of  the  Massachusetts  plan,  described  in  our 
.July  ."?  issue.  The  Virginia  form  follows.  The  agree- 
ment is  being  used  at  present  only  on  a  small  scale 
for  bridge  work  in  connection  with  the  commission's 
regular  form  of  contract. 

PAY.MKNTS— F'ROKIT    fiK    I^SS    SH.VRIX<;    AfSRKEME.VT. 

1.  -Ml  lildders  .shall  name  prices  for  the  i|uanlltl<-j<  of  work 
nnd  materials  shown  In  their  proposals.  The  cost  of  the  work 
n.s  determined  by  such  prices  and  quantities  will  be  herein  re- 
ferred to  as  Contractor's  Estimate. 

2.  The  contractor  shall  be  paid  actual  cost  for  labot-  and 
material  used  in  the  execution  of  the  work  provided  to  be  done 
under  this  contract,  whether  the  cost  be  more  or  less  than  the 
Contractor's  E.stimate.  The  cost  of  work  thus  determined  will 
herein  bo  referred  to  as  the  Labor  and  Material  Cost. 

3.  The  contractor  w^iU  be  paid  a  fee  of  20  per  cent  of  the 
Contractor's  Estimate  for  bis  actual  supervision  of  the  work, 
the  use.  repair  and  upkeep  of  all  equipment,  and  all  ofHce  and 
other  expenses,  commonly  known  as  "overhead  expenses."  ex- 
cept that  s'nould  the  L.abor  and  Jfaterlal  Cost  be  less  than  the 
Contractor's  Estimate,  the  contractor's  fee  will  be  increased  by 
the  amount  of  one-half  the  difTerence.  or  should  the  Labor  and 
Material  Cost  be  Rreater  than  the  Contractor's  Estimate  the 
contractor's  fee  will  be  reduced  by  the  amount  of  one-half  the 
difference. 

4.  Should  It  become  neces8ar>-  to  Increase  or  diminish  the 
iiuantities  of  work  or  material  shown  on  the  proposal  the  Con- 
tractor's Estimate  shall  be  revised,  accordingly,  at  the  unit 
prices  Riven.  The  Contractor's  Elstlmate  as  changed  shall  be 
known  as  the  Revised  Contractor's  Estimate,  and  shall  be  com- 
pared with  the  Labor  and  Material  Cost  In  computing  differences, 
instead  of  the  Contractor's  Estimate  as  first  determined. 

3.  The  prices  to  be  paid  the  contractor  for  lulior.  teams, 
materials  and  other  Items,  of  ever>-  kind  and  destription.  fur- 
nished by  him,  shall  be  subject  to   the  approval  <  f 

H.     The  contractor  .«hall  furnish  bills  and  iiii>  i 
|irt  scribed  by  the  parly  of  the  second  part  for    ^ 
in   the   I.Abor  and   Material   Cost.     Bills   shall   I.. 
the  seller  and  by  the  contractor.     Payrolls  shall  l.t-  • 
jiayee  and  certified   to  by   the  contractor. 

All  commissions,  discounts  and  allowances  of  ever>-  kind  and 
■  If.-^crlptlun  .iliall  be  shown  on  the  bills  and  shall  accrue  to  the 
party  of  Itu-  ncrond  part. 

T.  ravnients  will  he  made  promptly  upon  receipt  of  monthly 
st.ilements  of  amounts  due,  with  certified  copies  of  payrolls  and 
bills   in  ilupllcate.  atla<-hed,   reser\-lnK   1^   per  cent  until  90  days 
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Mats  Used    for  Oilinu    Koad    Poller 
Wheels 

Ordinary  cocoanut  fiber  door  mats  are  employed  by 
the  William  Horrabin  Co.,  Sioux  City.  la.,  paving  con- 
tractors, in  filling  the  rolls  of  their  3-wheel  type  of 
rollers.  The  mat  is  wired  to  the  scraper  arms  on 
each  side  of  the  roll,  and  the  oil  is  applied  through  a 
horizontal  piece  of  perforated  pipe  which  is  con- 
nected to  a  tank  fastened  in  the  top  of  the  cab.  The 
amount  of  oil  is  controlled  by  valves  in  the  piping. 
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Policy  of  U.  S.  Highways  Council 

Regarding  Highway  and  Street 

Work  During  the  War 

The  United  States  Highways  Council  on  Aug.  23, 
made  public  its  regulations,  effective  Sept.  10,  gov- 
erning highway  and  street  work  during  the  period  of 
the  war.    The  announcement  in  part  follows: 

1.  All  proposed  highway,  street,  culvert  and  bridge  construc- 
tion, reconstruction  and  maintenance  involving;  (a)  the  issuance 
of  bonds:  (b)  the  use  of  rail  or  water  transportation;  (c)  the 
use  of  coal  or  oil  as  fuel;  or,  (d)  the  use  of  cement,  brick,  as- 
phalt, oil.  tar.  crushed  stone,  or  steel,  (also  sand  and  gravel 
where  shortage  exists)  as  highway  material,  should  first  be 
submitted  for  approval  to  the  United  States  Highways  Council 
through  the  appropriate  State  Highway  Department.  Forms 
have  been  prepared  for  this  purpose  and  a  supply  placed  with 
each  State  Highway  Department.  No  manufacturer  will  furnish 
any  road  building  material  until  the  project  has  been  approved 
by  the  United   States  Highways  Council. 

2.  The  Council  again  urges  that  new  highway  and  street 
construction  be  confined  to  the  most  essential  needs.  If  this  is 
done  there  will  be  a  far  greater  probability  that  the  work  thus 
selected  can  be  promptly  and  effectively  carried  through  to  com- 
pletion than  if  an  amount  far  in  excess  of  the  available  facilities 
were  to  be  undertaken. 

The  Council  in  passing  upon  the  projects  which  come  before 
it  will  give  first  consideration  to  maintenance  with  a  view  to 
conserving  all  the  highw.ays  already  completed  if  possible. 

Reconstruction  will  be  favorably  considered  by  the  Council 
only  where  it  is  clearly  established  that  maintenance  is  no  longer 
possible  except  at  prohibitive  cost. 

New  construction  will  be  given  consideration  by  the  Council 
in  the.  following  relative  order  of  importance; 

(1)  Highways  and  streets  of  military  value; 

(2)  Highways  and  streets  of  national  economic  value; 

(3)  Unfinished  contracts  involving  contractural  obligations 
(incurred  prior  to  April  5.  191S.  where  bond  issue  is  involved) 
which  may  not  be  disturbed  without  serious  consequences; 

(4)  Streets  and  highways  which  although  not  of  national 
economic  impot^ance  are  of  such  extreme  local  importance  or 
the  construction  of  which  has  progressed  to  such  a  point  as  to 
cause  serious  hardship  if  their  construction  or  completion  is 
postponed. 

The  Council  is  hopeful  that  the  selective  consideration  of  new 
highway  and  street  construction  by  the  township,  county  and 
municipal  officials  and  in  turn  by  the  State  Highway  Depart- 
ments will  so  materially  eliminate  the  less  essential  projects  as 
to  make  it  possible  for  the  Council  to  render  active  aid  on  the 
projects  it  approves.  The  aid  contemplated  will  be  in  the  form 
of  f  uch  action  by  the  other  government  agencies  involved  as  will 
remove  obstacles  to  the  speedy  completion  of  the  projects. 

3.  By  way  of  definition  of  highways  of  military  and  national 
economic  vaitie.  the  Council  offers  the  following; 

(a)  A  highway  of  military  value  is  one  used  regularly  for 
the  transportation  of  military  supplies  in  considerable  quantity; 
for  the  movement  as  an  established  practice  of  army  truck  trains. 
or  which  is  essential  to  the  efflcient  operation  of  a  military 
cantonment,  post,   or  plant. 

(b)  A  highway  of  national  economic  value  is  one  which 
serves  or  will  serve,  if  properly  improved,  directly  to  promote, 
the  welfare  of  the  nation  and  not  merely  the  local  welfare.  As 
examples  it  may  fce  stated  that  in  this  class  would  be  placed  (1) 
highways  which  although  not  directly  used  for  military  purposes 
yet  serve  to  help  win  the  war  by  greatly  facilitating  the  output 
or  movement  of  war  munitions  and  supplies;  (2)  highways  which 
can  clearly  be  shown  to  relieve  congestion  on  railroad  lines  in  a 
territory  which  is  actually  in  need  of  such  relief;  (3)  highways 
which  give  access  to  or  promote  the  output  of  natural  products 
needed  by  the  nation  to  a  marked  degree;  (4)  highways  which 
further  housing  operations  undertaken  by  the  Federal  Govern- 
ment or  by  other  agencies  with  the  approval  of  the  Federal  Gov- 
ernment would  justify  at  times  this  designation. 

4.  State  Highway  Departments  are  requested  to  give  most 
careful  consideration  to  each  application  on  its  merits  in  the 
light  of  the  policy  announced  by  the  Council  and  to  exercise  the 
power  of  disapproval  freely.  Only  the  projects  approved  by  the 
State  Highway  Department  will  be  considered  by  the  Council 
unless  the  department  itself  is  in  doubt  and  wishes  a  decision 
in  the  nature  of  a   precedent. 

5.  The  Council  will  shortly  begin,  in  co-operation  with  the 
Office  of  Public  Roads  of  the  Department  of  Agriculture,  and 
the  State  Highway  Departments  of  the  several  states,  the  prep- 
aration of  a  program  of  road  and  street  construction,  reconstruc- 
tion and  maintenance  throughout  the  United  States  for  the  work- 


ing season  of  1919.  The  purpose  of  the  program  is  to  obtain  an 
approximation  of  the  character  and  amount  of  street  and  high- 
way work  deemed  essential  in  1919,  together  with  an  approxima- 
tion of  the  amount  and  character  of  financing  required,  the 
amount  and  character  of  the  various  materials  entering  into  the 
work,  the  extent  to  which  rail  and  water  transportation  will  be 
involved,  and  the  probable  demands  upon  the  labor  supply.  The 
preparation  of  the  program  in  each  state  will  be  directed  by  the 
State  Highway  Department,  and  will  cover  all  state,  county, 
township  and  municipal  highway  and  street  work. 


Cost  of  Street  Oiling  and  Street  Sprink- 
ling at  St.  Paul 

Dust  prevention  measures  at  St.  Paul,  Minn.,  in 
1917  involved  the  water  sprinkling  of  237  miles  of 
street  and  the  oiling  of  83  miles.  The  latter  method, 
according  to  the  last  annual  report  of  M.  N.  Goss, 
Commissioner  of  Public  Works,  produced  the  best 
results.  The  cost  of  two  oilings  during  the  past 
season  was  the  same  on  a  32  ft.  roadway  as  the  cost 
of  water  sprinkling  four  trips  per  day  during  the 
entire  season.  It  is  the  intention  of  the  department 
to  increase  the  oiling  of  streets  as  rapidly  as  they  can 
be  put  into  a  condition  to  take  oil  and  reduce  the 
amount  of  water  sprinkling,  provided,  of  course,  that 
the  price  of  oil  does  not  go  beyond  an  economical 
point. 

The  department  had  107  water  tanks,  96  being 
continuously  in  use  during  the  warm  weather. 

A  Kinney  auto  oiler  of  1,000  gal.  capacity  was  pur- 
chased by  the  department  and  put  in  service  June 
21st.  The  old  equipment,  consisting  of  two  Stude- 
baker  automatic  pressure  distributors,  one  Studebaker 
tank  attachment  and  one  Hvass-Pilsbury  pressure 
distributor,  each  of  600  gal.  capacity,  also  were  used 
the  latter  part  of  the  season. 

Property  is  assessed  for  water  sprinkling  on  the 
basis  of  the  number  of  trips  per  day  and  the  number 
of  months  and  fraction  of  a  month  the  street  is 
sprinkled.  38  rates  were  used  in  spreading  the  water 
assessment.'  The  great  number  of  rates  was  due 
largely  to  water  sprinkling  of  streets  in  the  spring 
for  various  lengths  of  time  before  they  were  oiled. 

The  rate  per  front  foot  for  two  round  trip  sprin- 
klings a  day  for  the  entire  season  was  7  ct.  or  $3.50 
for  50  ft.  lot. 

Property  is  assessed  for  oiling  on  a  basis  of  the 
number  of  times  a  street  is  oiled  and  the  width  oiled. 
The  rate  per  front  foot  for  two  oilings  for  a  27  ft. 
width  was  6  ct.  or  $3  for  a  50-ft.  lot. 

The  auto  oiler  distributed  189,642  gal.  of  oil  at  a 
cost  of  $1,309.64.  This  cost  covers  the  chauffeur, 
operator,  gasoline,  oil  and  up-keep,  and  reduces  to 
$6.91  per  1000  gal.  distributed.  The  horse  drawn 
oilers  distributed  252,105  gal.  of  oil  at  a  cost  of 
$2,138.56.  This  cost  covers  team  hire  and  up-keep 
of  the  wagons  and  reduces  to  $8.48  per  1,000  gal. 
distributed. 


Five  Mechanics  Keep  25-Truck  Fleet  in  Good  Con- 
dition.— The  Knutsen  Motor  Trucking  Co.  of  Cleve- 
land, O.,  operating  25  trucks,  of  which  10  or  more 
are  continually  used  on  the  40-mile  haul  between 
Cleveland  and  Akron,  employs  five  mechanics  to  keep 
the  fleet  in  good  mechanical  condition.  One  of  these 
men  is  an  expert  capable  of  supervising  all  kinds  of 
truck  repair  work,  while  the  other  four  men  are  less 
skilled.  The  expert  and  three  of  the  men  work  at 
the  Cleveland  repair  shop  and  warehouse  during  the 
day.  The  other  man  is  kept  on  duty  at  night  to  fix 
any  emergency  troubles  that  might  arise,  as  the  com- 
pany operates  a  night  service  between  Cleveland  and 
Akron  during  the  summer. 
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Mechanical  Material  I  laiullinji  Sys- 
tem Reduces  Labor  ami  Hauling 
Costs  aiui  I'.liininates  Waste  in 
Construction  of  Michigan 
Road 

The  use  of  a  complete  niechanical  system  for  han- 
dlinjr  material,  by  means  of  which  the  waste  is  un- 
usually low,  hauling'  on  the  jfradc  is  unnecessary, 
handling  costs  are  lowered  and  the  number  of  men 
required  is  considerably  reduced,  is  the  outstanding 


Each  car  carries  two  boxes  each  holding  20  cu.  ft. 
of  lake  gravel.  The  mixer  is  fitted  with  the  Lake- 
wood  batch  transfer  attachment  from  which  a  bail  is 
hung  a,«i  shown  in  Fig.  2.  This  bail  is  so  balanced 
that  it  will  stay  open,  thus  permitting  a  train  to  move 
under  it  without  the  necessity  for  swinging  the  der- 
rick. By  means  of  this  apparatus  a  box  of  gravel  is 
lifted  from  the  car  and  dumped  into  the  loading  hop- 
per. Three  bags  of  cement  are  then  added  and  the 
batch  is  ready  to  be  mixed.  With  this  arrangement 
only  five  men  are  needed  at  the  loading  end  of  the 
mixer — three  to  discharge  a  box  full  of  gravel  into 
the  hopper  and  two  to  handle  cement.    This  i^  shown 


"  J  1 — Sand  Brought  by  Dragline  to  Shovel  and  Loaded  Into  Bins.  Fig.  2 — Batch  Transfer  At' 
to  Lilt  Boxei  From  the  Cart.  Fig.  3 — Only  Five  Workmen  Needed  at  Ch.irging  End  of  Mixer.  Fig. 
From    Storage    Shedt   to    Mixer.      Fig.    5 — Rigid    Cro»»lng    Makes    Derailments    Almost    Impossible. 
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U    Fitted    With    Bails 
lent    Hauled    In    Cars 


feature  of  the  con.struction  of  3'i;  mile.s  of  road  in 
Macomb  County.  Michigan.  The  job  is  near  Mt.  Clem- 
ens, on  what   is  known  as  the  Shore  Road,  about  18 


in  Fig  '■'),  which  also  shows  the  grade  free  from  piles 
of  material  due  to  the  methods  employed.  Also,  ob- 
.serving  the  actions  of  the  men  and  judging  from  sev- 
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miles  from  Detroit.  An  18-ft.  roadway  is  being  built 
with  a  .5-in.  concrete  base  covered  with  a  2-in.  layer 
of  asphalt. 

The  mixture  used  consists  of  1  part  cement  to  G 
parts  of  lake  gravel.  This  gravel  is  pulled  off  a  scow 
by  a  drag-line  and  loaded  into  bins  with  a  steam 
shovel  as  shown  in  Fig.  1.  These  bins  were  con- 
structed with  a  clearance  between  top  of  car  and  bot- 
tom of  bin  of  7  in.  so  that  the  material  would  not  flow- 
over  the  edges  of  the  cars  if  the  gates  were  left  open 
by  careless  workmen.  Thus  the  waste  of  material  at 
the  loading  point  has  been  prevented.  With  this  sys- 
tem two  men  load  an  8-car  train  of  16  batches  in  6 
to  8  minutes. 

Four  loaded  cars  are  pulled  by  a  team  of  horses 
from  the  bins,  up  a  slight  grade,  to  the  first  siding 
on  the  road  as  shown  in  the  layout  sketch.  The  team 
then  returns  for  another  string  of  four  cars  and  the 
train  of  eight  loaded  cars  is  ready  to  be  hauled  to 
the  mixer  by  a  gasoline  locomotive  which  has  brought 
back  a  string  of  empties.  The  track  connecting  the 
loading  bins  with  the  main  line  is  located  just  about 
midway  between  the  east  and  west  ends  of  the  road 
to  be  built.  This  arrangement  keeps  the  length  of 
haul  at  a  minimum  for  all  parts  of  the  job. 


(55) 


(Frdf/cJ 


\  ^ 


Layoiit  of   Shore   Road   Job,    Macomb   County.   Mlchlgaii 


234 


ENGINEERING     AND     CONTRACTING 


\"ol.  50.  No.  10. 


eral  pictures  taken  after  a  batch  was  loaded,  the  men 
seem  to  come  to  rest  each  time  in  about  the  same  po- 
sitions. This  would  indicate  that  their  work  had  be- 
come almost  automatic  and,  therefore,  more  efficient. 
Four  men  are  needed  at  the  discharge  end  of  the 
mi.xer. 

Work  was  started  at  the  west  end  of  the  job.  Ce- 
ment was  stored  in  several  sheds  along  the  road.  It 
was  hauled  from  the  sheds  to  the  mixer  in  cars,  as 
shown  in  Fig.  4.     Each  car  holds  60  bags  of  cement. 

As  the  road  parallels  the  tracks  of  the  Detroit 
United  Ry.  a  method  of  crossing  these  tracks  with 
the  narrow  gauge  track  was  devised  as  shown  in  Fig. 
5.  Plates  were  bent  at  right  angles,  bolted  to  the 
bottom  of  the  light  rail  and  to  the  web  of  the  heavy 
rail  so  that  the  top  of  the  light  rail  wouljj  be  held 
11/4  in.  above  the  top  of  the  heavy  rail.  The  20-lb. 
rail  was  cut  to  make  a  5-in.  gap  where  the  heavy  rail 
had  to  be  crossed.  With  this  arrangement  the  flange 
of  the  12-in.  wheels  on  the  small  cars  just  touches 
the  top  of  the  heavy  rail  and  the  chances  of  derail- 
ment are  almost  eliminated.  In  fact,  no  derailment 
has  occurred  at  this  crossing  to  date. 

The  work  is  being  completed  at  the  rate  of  about 
400  ft.  a  day.  The  best  day's  work  is  512  ft.  of  fin- 
ished concrete  base. 

The  layout  of  the  job  is  indicated  by  the  sketch.  As 
the  work  progresses  the  siding  nearest  the  mixer  is 
moved  forward  about  U  mile.  The  moving  of  these 
switches  is  a  comparatively  easy  job  as  the  track  is 
built  in  15-ft.  sections,  and  can  be  quickly  taken  part, 
moved,  and  assembled. 

The  advantages  of  this  method  of  handling  ma- 
terial are,  briefly:  A  large  capacity  plant  can  be  used 
on  verv  narrow  roads;  there  is  no  loss  of  material; 
materials  are  kept  clean  because  no  aggregates  come 
in  contact  with  the  ground;  proportioning  the  mix 
is  made  simple  by  the  uniform  amount  of  aggregate 
transported  by  each  car;  work  is  not  delayed  by  bad 
weather  as  muddy  subgrades  .do  not  interfere  with 
handling  the  aggi-egates. 

The  contractor  is  Thomas  E.  Currie,  Detroit.  The 
track,  switches,  cars,  mixer  and  mixer  attachments 
were '  supplied  by  the  Lakewood  Engineering  Co., 
Cleveland,  and  the  plant  layout  was  suggested  by 
that  company's  engineering  department.  An  Erie 
shovel  is  used  to  handle  the  sand  and  a  Plymouth 
gasoline  locomotive  hauls  the  cars.  The  concrete 
work  was  started  about  July  18  and  at  the  time  this 
article  was  written  a  little  more  than  iy2  miles  of 
concrete  had  been  laid. 


Small  Pile  Driver  for  Putting  Down  Fence 
Posts 

Posts  for  the  17-mile  board  fence  at  the  American 
Lake  (Washington)  cantonment  were  put  down  at 
the  rate  of  about  180  per  8-hour  day  by  means  of  a 
small  pile  driver  mounted  on  a  2-horse  truck.  The 
posts  were  pointed,  were  5  in.  to  10  in.  in  diameter, 
and  9  ft.  long,  of  which  3  ft.  was  below  ground.  They 
were  spaced  8  ft.  apart.  The  pile  driver  had  a  4-HP. 
Fairbanks  gasoline  engine  operating  a  small  drum  by 
means  of  a  friction  clutch.  The  crew  consisted  of 
an  engineman,  a  teamster  and  two  men  handling 
posts.  The  actual  driving  time  per  post  was  60  to  90 
seconds.  The  hammer  weighed  600  lb.  and  had  a  6- 
ft.  drop  when  beginning  driving. 


Direct  Method  of  Handling  Con- 
crete Aggregates  with  Trucks 

A  very  satisfactory  method  of  handling  material  is 
being  employed  by  the  Harrison  Engineering  &  Con- 
struction Co.,  Buffalo,  N.  Y.,  on  its  22-mile  concrete 
road  contract  in  McDowell  County,  West  Virginia. 
The  plan  is  described  in  Concrete  Highway  Maga- 
zine as  follows: 

The  contractor  is  operating  fleets  of  five  2-ton 
trucks.  The  bodies  of  these  trucks  are  equipped  with 
an  end  dumping  device,  and  lately  have  been  equipped 
with  three  lateral  partitions,  making  four  separate 
compartments,  each  containing  one  2-bag  batch  of 
1:2:4  mixture.  Aggregates  are  received  from  a  rail- 
road which  parallels  the  highway  under  construc- 
tion. Sidings  are  available  so  the  haul  to  the  mixer 
is  seldom  more  than  1^2  miles,  and  constantly  lessen- 
ing as  the  mixer  approaches.  At  these  sidings  an  un- 
loader  in  used  to  handle  the  stone  which  is  received 
in  hopper  cars.  The  unloader  consists  of  an  elec- 
trically operated  bucket  elevator  from  a  pit  under 
the  rails  to  a  storage  bin  having  a  capacity  of  15  yd. 
The  bin  is  installed  at  a  height  sufficient  to  allow  a 
truck  to  run  along  side  and  receive  its  charge  of  stone. 
The  stone  is  measured  on  the  truck  by  a  stripe 
painted  along  the  body. 

The  sand  is  discharged  from  the  cars  in  stock  piles 
from  which  it  is  shoveled  by  hand  into  a  small  com- 
partment car,  having  four  hinged  measuring  boxes 
at  a  height  convenient  to  discharge  into  the  four  com- 
partments of  the  truck.  The  car  operates  on  a  nar- 
row gage  track,  which  is  easily  moved  as  the  pile 
changes  its  shape. 

The  cement  storage  is  also  at  the  siding  and  when 
operations  were  first  started,  two  bags  of  cement  were 
placed  in  each  compartment  after  the  stone  and  sand 
had  been  deposited.  This  proved  unsatisfactory,  how- 
ever, as  the  wind  would  blow  the  cement  away  and  it 
also  sifted  from  one  compartment  to  the  other.  The 
contractors  are  now  using  a  truck,  and  three  men, 
including  the  truck  operator,  to  haul  and  place  the 
cement  at  the  mixer. 

This  method  of  handling  the  aggregates  saves 
labor.  The  records  show  an  average  saving  in  time 
of  30  minutes  to  every  mile  trip.  The  stone  from  the 
car  to  the  mixer  drum  is  handled  by  one  man  in  the 
car  to  keep  stone  to  the  hopper,  one  mechanic  to  look 
after  the  motor  and  conveyor,  two  men  to  operate  the 
bin  gates  and  level  the  stone  in  the  trucks.  The  sand 
is  shoveled  into  the  measuring  boxes  by  four  labor- 
ers and  the  instant  the  truck  comes  along  side  the 
boxes  are  tripped  by  these  men. 

When  the  truck  arrives  near  the  mixer  it  is  turned 
and  backed  to  the  mixer  hopper.  There  the  truck 
body  is  elevated  and  each  of  the  four  batches  are  de- 
posited in  the  hopper.  In  this  operation,  a  boy 
mounts  the  truck  body  and  unfastens  the  partitions 
as  the  batches  are  needed.  Two  men  from  the  grad- 
ing gang  step  back  to  see  that  none  of  the  material 
spills  on  the  grade.  If  this  does  happen  they  place 
it  in  the  hopper  and  give  the  engineer  the  signal. 

The  advantages  of  this  method  are:  A  measured 
batch  of  aggregate,  no  waste  of  material  on  the  sub- 
gi-ade,  no  foreign  material  in  the  stone  and  a  vei-y 
little  in  the  sand,  fresh  cement  from  the  storehouse, 
and  the  saving  in  labor  of  eight  shovelers  and  four 
wheelers  on  the  stone  and  two  wheelers  on  the  sand. 
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A    Weekly    Report    for    Resiili  nt 

Kn^ineers  on  State   Aid 

Roail  Work 

By  C.  M.  HATHAWAV. 

V^'titi;!!!!      Kojil      KuKiiircr.      Illiiu.n      Slate      Uunioii      of 

The  Illinois  Stote  Aid  Road  Law  pa!«!ted  in  19i:{ 
providei*  that  all  state  aid  work  shall  be  let  by  con- 
tract to  the  lowest  responsible  bidder.  It  further 
provides  that  the  mnkinjf  of  plans  and  estimates  for 
•*uch  work  and  the  handlinK  of  all  construction  inci- 
dent thereto  shall  be  under  the  jurisdiction  of  the 
State    Division   of   Highways. 

The  state  aid  funds  are  allotted  to  the  102  counties 
I  with  one  exception)  in  proportion  to  the  county  road 
and  bridge  tax  of  each,  and,  subject  to  approval  of 
the  State  Department  of  Public  Works  and  Build- 
ings, each  county  may  select  the  location  of  the  roads 
for  improvement  and  the  type  of  construction.     The 


f-orm    for    Wtekly    Raport    of    Resident    Engineers,    llllnolt    State 
Olvltlon    of    Highways.     Actual    Site    of    Form,    8' 2XII    In. 

result  is  sections  of  work  scattered  not  only  amoni; 
the  several  counties,  but  often  in  three  or  four  re- 
mote ."ections  of  a  county. 

P>om  July  1,  1914,  to  Dec.  .11,  15117,  there  had  been 
put  under  contract  over  500  sections  of  state  aid 
road  and  bridge  work. 

In  order  to  handle  the  enKineer-njf  work  in  the 
most  ellicicnt  i-nd  ecrnomic  manner.  Ih?  stn'e  hHs 
been  subdivided  alcnu  territorial  lines  into  seven 
(Ustricts,  each  under  a  district  enjfineer,  who,  with 
a  local  force  of  engineers,  handles  all  enjfineerinjf 
and  cimstriiction  work  in  his  district.  Takinjf  into 
consideration  the  fact  that  the  radius  of  the  average 
enjfineerinjf  district  is  50  to  fiO  miles,  and  that  there 
may  be  in  protfress  in  a  district  15  to  25  sections  of 
.\ork  entirely  remote  from  each  other,  it  is  readily  ap- 
parent that  the  district  enRineer  must  have  some 
form  of   report   by  which  the  several   resi«lent  enj''- 


and  inspectors  may  keep  him  thorouxhly  fa- 
with  the  proKres*  of  the  work  at  all  times. 

. "  desiitn  a  form  complete  enouuh  has  proved 
•  Hsier  than  to  design  one  simple  enouKh  not  to  be  a 
•source  of  confusion.  The  result  of  to«j  many  de- 
tail.* is  neidect  and  carelessness  in  reporting  the 
more  important  features,  and  careful  discrimination 
and  study  has  been  necessar>'  to  work  out  the  de- 
sired result. 

After  taking  into  consideration  with  the  district 
engineers  the  features  most  essential  for  a  weekly 
summary  of  the  work,  the  form  shown  wan  evolved 
recently.  While  a  majority  of  the  items  are  readily 
apparent  upon  inspection,  a  few  may  need  explana- 
tion to  bring  out  their  particular  value. 

The  items  "per  cent  completed"  and  "rate  of  prog- 
ress" under  "progress  of  work"  give  a  concise  state- 
ment of  the  condition  of  the  three  main  construction 
features.  Each  week  this  information  is  used  by 
•-he  District  Engineer  in  making  up  a  general  report 
for  the  main  office  showing  the  progres.«  of  all  work. 

The  "summary  of  cement  used  during  week"  is  very 
complete  and  is  deemed  essential  on  concrete  road 
work  in  order  that  a  careful  check  may  be  kept  on 
the  amount  of  cement  used  daily.  The  value  of  this 
feature  has  always  been  strongly  emphasized  by  each 
District  Engineer. 

The  "summary  of  completed  work"  affords  infor- 
mation upon  which  the  District  Engineer  may  base 
his  monthly  estimates. 

As  all  contracts  are  let  on  a  unit  price  basis,  it  fre- 
quently happens  that  extras  not  provided  for  in  the 
contract  are  encountered.  The  notation  of  these  ex- 
tras gives  the  District  Engineer  a  chance  to  allow 
:hem  on  monthly  estimates.  It  also  enables  him  to 
keep  a  check  on  the  amount  of  money  spent  and  the 
amount  available  for  extras. 

It  will  be  noted  that  provision  is  made  to  end  the 
report  Friday  night  instead  of  Saturday.  This  en- 
ables reports  to  reach  district  headquarters  Saturday 
or  Sunday,  thus  permitting  the  "District  Engineer's 
weekly  report"  to  the  main  office  to  be  sent  in  by  Mon- 
day of  each  week. 


Orgaiii/.ation  and  Output  of  Brick  I'aviiiii 
Gang  in  Vermilion  County  Roads 

In  the  construction  of  the  niondlithii-  hrick  pave- 
ment for  the  Vermilion  County.  Illinois,  Bond  I.ssue 
Roads,  the  average  gang  consisted  of  32  men  distrib- 
uted as  follows: 

i-ii.\>'HKTK   (!A.\'<;.  P.VVINO  QANG. 

Aluiul  i.f   .MIX.T.  I   Hrick  urilrr. 

1     r..IIll     K.-lllT.  "■    .'■"111.  krrn. 

-,   w  (,..-.  tH  'r  'bIjio  hrip*  with  lamp- 


tirri-'- 

<    down 

irrrtf     .111.1      .11. 

1     Mill. 

.k'   for  ma. 

iKiurdu  for 

Willi  un>  iiKanization  about  800  sq.  yd.  of  pave- 
ment was  laid  per  day.  The  pavement  is  10  ft.  wide 
and  consists  of  a  4-in.  wire-cut-lug  paving  brick  Ifiid 
directly  on  a  fresh  concrete  base  4  in.  thick  at  the  side 
and  crowned  1  in. 

Meeting  of  Southern  Appalachian  (iiMid  Roads  .\sso- 
ciatiun.  The  Southern  Appalachian  Cood  Roads  As- 
sociation will  meet  in  Asheville.  N.  C,  Nov.  19.  20  and 
21.  A.  D.  Williams,  Chairman  State  Road  Commis- 
sion of  West  Virginia,  Morgantown,  W.  V«.,  is  Presi- 
dent of  the  Association. 
") 
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Superelevations    and    Offsets    for 
Curves  for  Paved  Highways 

The  tables  and  diagrams  reproduced  below  were  de- 
veloped in  the  office  of  Samuel  J.  Humes,  Engineer  of 
King  County,  Washington,  the  idea  being  to  work  out 
a  method  of  super-elevation  and  of  easing  of  ap- 
proaches to  highway  curves  that  would  at  once  be 
simple  for  use  by  field  men  and  would  also  give  sat- 
isfactory results  in  the  completed  paving.    The  tables 


Sketch    Showing    Method    of   Offsets   on    100-Ft.    Easement, 

and  diagrams  have  been  employed  for  some  time  in 
the  construction  of  King  County  pavements  and  have 
proved  very  satisfactory. 

The  tables,  it  will  be  noted,  are  prepared  for  pave- 
ments 20  ft.  in  width.  However,  the  superelevation 
table,  by  means  of  simple  proportion,  can  be  used  for 
any  other  width  desired.  The  superelevations  are 
based  upon  the  empirical  formula — 

H  =  0.05D,  in  which  H  is  the  total  elevation  in  feet 
of  a  20-ft.  road,  and  D  equals  the  degree  of  curve. 

The  easement,  while  not  upon  a  true  spiral,  per- 
mits ready  adjustment  of  the  curve  to  the  simple  cir- 


ASoTE:-\Nhere  h  isless  than  twice  height  of  Crown, 
Super  Elevation  is  applied  lo  outside  helf  of  (%vemenl  onlj 


(  05  D) 


h  =  Super  Elevation  = 
(  ( 
leight  of  Crown, 
>  half  of  Pavement  onljj 

Sketch    Showing    Method    of    Superelevation    on    Curve    on    20-Ft. 


cular, curve  upon  which  the  lines  of  the  original  sur- 
veys have  generally  been  made.  Upon  approaching 
a  curve  of  this  type  from  a  tangent  there  is  an  ap- 
preciable lack  of  that  abruptness  which  is  noticeable 
in  most  circular  curves  and  the  transition  from  the 
ordinary  cross  section  to  the  superelevation  is  made 
very  easily.     In  rounding  these  curves  in  cars  there 

Table   of   Offsets   and    Superelevations. 
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is  not  the  tendency  to  swing  out  across  the  road  as 
is  the  case  with  the  majority  of  curves  not  provided 
with  superelevations  and  easement.  This,  of  course, 
is  a  very  valuable  feature,  especially  where  the  view 
is  somewhat  obstructed  by  embankments  at  the  side 
of  the  curve  and  reduces  the  necessity  for  widening 
curves,  at  least,  in  those  of  long  radius. 


Suggestions  for  Road  Patrolmen 

The  following  reminders  for  patrolmen  are  taken 
from  a  bulletin  prepared  by  J.  T.  Donaghey,  Mainte- 
nance Engineer  of  the  Wisconsin  Highway  Commis- 
sion : 

You  must  answer  all  questions  in  a  good  natured 
way,  no  matter  how  foolish  they  may  appear. 

Assist  the  traveling  public  if  in  trouble  without 
charge.  The  majority  of  them  will  appreciate  the 
kindness  and  no  doubt  repay  it  sometime. 

If  the  other  fellow  loses  his  temper,  be  sure  to  con- 
trol yours.     You  will  then  have  a  decided  advantage. 

Do  not  leave  machinery,  tools  or  loads  of  material 
within  the  limits  of  the  traveled  way  when  not  in  use. 

Pile  the  stone  or  gravel  used  for  maintenance  at  a 
convenient  place  outside  the  ditch  line. 

Do  not  leave  a  ridge  of  earth,  sod  or  loose  stone  in 
the  center  of  the  road  after  dragging. 

Do  not  use  the  road  drag  when  the  surface  is  hard 
and  dry. 

Do  not  use  the  road  planer  on  clay  soil  when  the 
surface  is  wet  and  sticky. 

Use  the  road  drag  just  before  the  road  enters  the 
winter  season,  and  again  as  the  frost  is  leaving  the 
ground  in  the  spring. 

The  last  work  in  the  fall  and  the  first  work  in  the 
spring  should  consist  of  cleaning  the  inlets  and  out- 
lets of  all  culverts  and  drain  tile. 

Be  familiar  with  the  automobile  laws  and  rules  of 
th^road.  Report  violations  to  the  proper  officials. 
Report  owners  of  cars  not  displaying  proper  number 
plates  to  the  Secretary  of  State  at  Madison. 

The  road  you  are  proud  of  will  cost  but  little  more 
effort  on  your  part  than  the  road  you  must  apologize 
for.  Remember  it  is  doing  the  little  things  that  seem 
hardly  worth  while  that  will  make  the  difference  be- 
tween an  excellent  road  and  just  an  ordinary  road. 

Remember,  there  is  always  something  that  can  be 
done  if  you  arrange  your  work  properly. 

You  must  know  this  bulletin  by  heart. 


Convict    Labor   on    Road   Work    in    Missouri. — The 

scarcity  of  teams  and  local  labor  for  road  construc- 
tion has  increased  the  demand  for  prison  labor 
throughout  Missouri.  The  State  Highway  Depart- 
ment has  had  good  success  with  convict  labor,  but 
has  been  unable  to  obtain  groups  of  men  for  several 
projects  because  all  available  prisoners  are  at  work 
in  the  industries  operated  at  the  State  Prison.  The 
best  results  from  prison  labor  have  been  obtained 
where  the  men  were  organized  into  groups,  specific 
work  laid  out,  and  proper  equipment  supplied. 


City   Managers"   Convention   to  Be  Held   Nov.   6. — 

The  5th  convention  of  the  City  Managers'  Associa- 
tion will  be  held  at  Roanoke,  Va.,  Nov.  6,  7  and  8 
Virginia  is  the  birthplace  of  the  city  manager  plan 
and  1918  is  the  10th  anniversary.  Of  the  124  man- 
ager cities  one-third  are  within  300  miles  of  Roanoke 
and  more  than  two-thirds  within  600  miles.  War  ac- 
tivities of  cities  under  the  manager  plan  will  domi- 
nate the  program.  H.  G.  Otis.  City  Manager  of  Au- 
burn, Me.,  is  Secretary  of  the  Association. 
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Notes  on  Highway  Desijjn 

Ky  J.  1,.   MAKKISON, 

Pn'liininar>'  InvextiKalions. — When  a  new  system 
of  hiKhways,  or  even  a  short  stretch  of  new  road  is 
to  be  laid  out,  there  is  apt  to  be  more  or  less  of  a 
choice  of  routes.  The  first  step  toward  the  construc- 
tion of  the  desired  highways  should,  therefore,  be  the 
determination  of  the  c-oniparative  merits  and  de- 
merits of  these  routes,  in  order  that  an  intelligent  se- 
lection may  be  made.  This  preliminary  investigation 
should  include  a  field  e.xamination  of  the  sa- 
lient physical  features  of  each  route.  but, 
while  these  should  always  be  influential  in 
guiding  the  final  selection,  it  must  be  admit- 
ted that  the  social  and  political  advantage.s 
of  the  various  routes  will  frequently  outweigh  all 
other  considerations.  It  therefore  transpires  that 
these  matters  must  be  carefully  considered  before 
matters  of  a  purely  technical  nature  are  taken  up, 
not  only  because  much  of  the  cost  of  minute  prelim- 
inary investigations  can,  in  this  way,  be  avoided  but 
also  because  it  will  usually  be  found  that  more  prog- 
ress can  be  made  by  conforming  to  the  general  pub- 
lic desire  as  to  the  location  of  a  given  highway  than 
by  working  in  opposition  to  such  desire. 

Population  Benefited. — Social  and  political  de- 
mands rest  essentially  on  the  question  as  to  who  shall 
obtain  the  direct  and  obvious  benefits  which  will  be 
derived  from  the  contemplated  construction.  These 
benefits  include  increased  land  value  for  the  abutting 
land  owners,  increased  business  opportunities  for 
merchants  so  located  that  their  businesses  will  be 
stimulated  by  whatever  change  there  is  in  the  flow 
of  traffic,  and  increased  ease  of  travel  and  better  op- 
portunities for  recreation  as  well  as  minor  benefits 
too  numerous  to  mention  for  those  members  of  the 
community  who  are  in  a  position  to  avail  themselves 
of  them.  Such  benefits  are  very  well  understood  by 
the  layman  and  he  will  overlook  no  opportunity  to  se- 
cure whatever  of  them  he  can.  Moreover,  these  bene- 
fits are  of  such  value  that  where  they  are  permitted 
by  law  to  fall  to  property  owners  and  business  men 
who  are  required  to  render  no  return  for  them,  local 
contests  are  apt  to  develop  in  which  even  important 
engineering  considerations  are  quite  overlooked. 

The  broader  aspect  of  developing  local  business 
centers  also  plays  a  large  part  in  the  selection  of 
highway  routes.  The  dominant  town  in  a  county  and 
the  dominant  city  or  cities  of  a  state  are  prone  to 
use  their  influence  to  locate  highway  improvements 
so  that  they  will  stimulate  the  growth  of  the  social 
and  the  business  life  of  these  centers  even  if  this 
must  be  done  at  the  expense  of  the  smaller  communi- 
ties. 

Theoretically,  the  highway  engineer's  selection  of 
highway  routes  should  always  be  based  on  his  judg- 
ment as  to  the  best  interest  of  the  whole  community, 
but  practically  he  will  find  that  the  dominant  influ- 
ences at  work  in  the  community  in  which  he  resides 
limit  his  selection  much  more  closely  than  this,  for 
public  leaders  quite  generally  hold  that  the  location 
of  a  road  is  a  matter  for  public  determination  rather 
than  for  technical  judgment  and  that  an  engineer  is 
employed  to  solve  the  difficulties  of  putting  a  high- 
way where  the  public  has  been  influenced  to  want  it 
placed  rather  than  where  it  ought  to  go.  It  is  to  be 
hoped  that  this  condition  of  affairs  may  eventually 
be  changed,  but  while  it  persists  engineers  must  rec- 
ognize it  and  perform  their  work  accordingly. 

Volume  of  Traffic— In  the  days  of  horse  vehicles. 


the  volume  of  traffic  which  any  route  would  develop 
was  an  important  consideration  in  judging  the  merit 
of  competing  routes,  and  it  has  been  customary  to 
point  out  that  the  intensity  of  the  agricultural,  min- 
ing, and  commercial  development  along  the  proposed 
routes  is  the  dominant  feature  in  creating  traffic  and 
that  ruling  grades,  distance  and,  in  some  cases,  cur- 
vature, are  the  dominant  influences  in  effecting  the 
proportion  of  the  possible  traffic  which  can  ultimately 
be  developed.  Aesthetic  considerations  have  also 
been  mentioned  as  affecting  the  volume  of  pleasure 
traffic. 

Of  recent  years  the  development  of  automobile  and 
motor  truck  traffic  has,  however,  greatly  modified  the 
formerly  accepted  relation  of  these  matters  to  the 
selection  of  routes.  Thus,  whereas  the  highways  of 
the  past  have  generally  been  built  to  facilitate  the 
commercial  life  of  rural  regions,  modern  highways, 
though  no  less  effective  in  this  respect,  are  used  so 
much  more  for  recreation  than  for  business  that  the 
commercial  traffic  which  competing  routes  will  de- 
velop is  ordinarily  of  no  particular  importance,  the 
difference  in  the  commercial  traffic  obtainable  on  the 
various  routes  actually  representing  only  a  small 
per  cent  of  the  traffic  which  will  use  any  of  the  routes 
if  improved. 

Grades. — The  matters  of  grade  has  also  ceased  to 
hold  its  original  significance  because  motor  vehicles 
are  so  geared  that  they  will  climb  any  reasonable 
grade  with  ease.  Thus,  where  roads  are  constructed 
for  motor  traffic,  grades  of  from  10  to  12  per  cent  are 
not  particularly  objectionable,  though  they  offer  some- 
thing of  a  problem  to  drivers  who  must  use  them  dur- 
ing winter  weather.  During  the  days  of  horse-drawn 
traffic  it  was  usually  assumed  that  a  5  per  cent  grade 
ought  to  be  the  ma.ximum  grade  and  tables  were  care- 
fully prepared  to  show  what  effect  any  particular 
grade  had  on  team  efficiency,  etc.,  but  all  of  this  has 
now  been  rendered  of  little  or  no  value  because  team 
traffic  constitutes  so  negligible  a  percentage  of  the 
traffic  on  the  highly  improved  roads  in  most  sections 
of  the  country  and  because,  even  in  those  regions 
where  it  is  still  the  dominant  traffic  it  is  rapidly 
losing  its  importance.  For  horse-drawn  traffic,  the 
rule  was  frequently  laid  down  that  the  steepness  of 
a  grade  and  its  length  ought  to  be  so  adjusted  that 
a  team  can  pull  over  the  grade  what  it  could  pull  all 
day  on  the  level.  This  theory,  of  course,  assumed 
short  periods  of  heavy  strain  on  the  team  and  varied 
the  allowable  grade  according  to  its  length.  The  rule 
was  a  good  one,  but  is  now  obsolete,  for  it  imposes 
grades  which  are  too  low  and  too  expensive  to  be  jus- 
tifiable in  view  of  the  proportion  of  horse-drawn  ve- 
hicles now  using  the  highways. 

With  motor  vehicles,  except  trucks  drawing  trailers, 
the  problem  is  not  a  serious  one  for  such  vehicles 
are  .so  built  that  with  a  full  load  and  a  given  engine 
speed  the  only  important  difference  between  driving 
on  a  level  road  and  driving  on,  say.  a  12  per  cent  grade 
is  one  of  speed,  and  even  in  this  respect  the  difference 
is  more  apparent  than  real,  for  as  between  a  mile  at 
12  per  cent,  2  miles  at  6  per  cent  or  S  miles  at  4  per 
cent  the  average  driver  will  prefer  the  steep  grade 
and  will  make  it  in  quicker  time  than  he  will  make 
the  lighter  grade.  There  is,  therefore,  no  very  good 
reason  for  lengthening  distance  to  reduce  grades 
when  motor  vehicles  are  being  provided  for,  unless 
it  is  assumed  that  the  road  will  be  used  by  trucks  with 
trailers  in  tow,  and  there  is,  of  course,  a  strong  rea- 
son for  keeping  the  grade  as  steep  as  possible  be- 
cause of  the  indisputable  fact  that  where  grades  are 
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necessary  it  is  almost  always  cheaper  to  build  a  mile  argument  against  the  selection  of  a  route  to  be  used 

of  road  on  a  steep  grade  than  it  is  to  make  the  same  by  horse-drawn  vehicles.    The  slow  movement  of  such 

point  by  building  2   or  3  miles  of  road  with  easier  vehicles  made  collisions  infrequent  and  losses  due  to 

grades.  collisions  a  negligible  matter.    Curves  had,  of  course, 

At  present  only  a  few  of  the  more  advanced  high-  to  be  built  so  that  wagons  hauled  by  four  or,  in  some 

way  engineers  have  accepted  this  view  of  the  matter  cases,  six  horses  could  pass  on  the  curves,  but  even 

to  the  extent  of  authorizing  the  use  of  steep  grades  on  under   this   requirement   very   short   curves   could   be 

roads   which  will   carry  little   or  nothing   but   motor  used. 

traffic.  As  a  matter  of  fact,  however,  this  is  largely  The  advent  of  motor  traffic  has  changed  this.  The 
due  to  the  fact  that  there  is  just  enough  horse-drawn  rate  at  which  vehicles  move  has  been  doubled  and  re- 
traffic  developed  along  improved  routes  so  that  a  good  doubled  and  the  weight  of  these  vehicles  has  been 
deal  of  public  criticism  can  be  worked  up  if  the  con-  so  increased  that  collisions  are  highly  dangerous  to 
venience  of  this  traffic  is  ignored.  Hence  many  engi-  life  and  limb,  as  well  as  destructive  of  property.  This 
neers  have  adopted  a  compromise  grade  which  is  danger  of  collision  can  only  be  avoided  by  maintain- 
based  on  the  theory  that  the  maximum  grade  ought  to  ing  a  long  range  of  vision.  The  most  desirable  length 
be  such  as  to  require  a  good  pleasure  automobile  to  of  such  a  range  of  vision  depends  on  the  distance 
drop  out  of  its  direct  drive.  As  a  working  basis  for  required  in  order  to  shift  the  direction  of  travel 
a  compromise  between  the  needs  of  horse-drawn  enough  to  avoid  collision.  This,  in  turn,  depends  on 
traffic  and  the  hill-climbing  possibilities  of  motor  the  rate  at  which  a  car  is  moving,  the  skill  of  its 
cars,  this  is  quite  satisfactory  for  it  recognizes  the  driver  and  even  on  his  ability  to  think  quickly.  As 
fact  that  many  cars  are  not  built  so  well  that  they  a  result,  no  exact  minimum  view  ahead  can  be  set, 
can  work  indefinitely  on  steep  grades  without  devel-  but  a  view  of  300  ft.  has  been  found,  in  practice,  to 
oping  mechanical  troubles  due  principally  to  over-  be  generally  satisfactory  and  should,  therefore,  be 
heating  the  power  plant,  and  that  horse-drawn  traffic  preserved  at  all  points  along  the  highway  and  if  a 
should  receive  reasonable  consideration.  proposed  route  cannot  provide  such  a  range  of  view 

The  one  objection  to  this  as  a  standard  is  that  the  this  should  be  considered  as  militating  most  actively 

ability   of   different   makes    of    automobiles   to   climb  against  its  adoption. 

long  distances  on  their  direct  drive  is  very  different.  Even  where  the  view  is  clear  the  necessity  for  the 

depending,  as  it  does,  on  the  number  of  cylinders  in  use  of  short  curves  should  be  considered  as  a  strong 

the  engine,   on  the  general  efficiency  of  the   driving  argument  against  a  proposed  route.     There  is  no  use 

mechanism,  on  the  ratio  in  the  differential,  as  well  in   denying  that  many  drivers  are  reckless  and  that 

as  on  minor  matters  too  numerous  to  mention.     As  a  the  only  way  to  avoid  accidents  on  sharp  curves  is  to 

lesult  there  can  be  no  definite  compliance  with  this  avoid  the  use  of  sharp  curves.     If  a  route    is    only 

standard   and   so,   as   might    be    expected,    maximum  feasible    in    case  sharp  curves  are  used  this  should 

grades  of  from  6  to  8  per  cent  are  adopted  as  con-  be  deemed  a  serious  argument  against  it. 

forming  to  this  requirement.     As  the  best  makes  of  

automobiles  can  climb  for  considerable  distances  on 

even  steeper  grades  than  this,  an  8  per  cent  grade  is  Engineering  CoSt  of  County  Road  and 

justified  under  this  assumption,  but  it  will  be  found  Bridge  Work 

in  practice  that  where  grades  are  over  a  mile  long,  .^.j^^  ^^^^j  expenditure  for  road  and  bridge  work  in 

comparatively   few   cars    m    the    hands    of    ordinary  j^^,^  .^  ^g^      according  to  County  Engineers'  reports. 

drivers  can  be  depended  on  to  climb  more  than  a  G  ^^^^^   $15,165,476,   an    increase   of   $828,420    over    the 

per  cent  grade  on  direct  drive.  ^^^^^^  ^^^.  ^^^  previous  vear.     Of  the  total,  $7,466,- 

Distance-Sometimes  grade  and  distance  are  closely  ^^^  ^^^  ^^^                   $3,588,338  for  county  roads  and 

related  but  It  frequently  happens  that  distance  IS  an  ^4^4^340    f^^.   town.ship    roads.      The   total    expendi- 

entirely  independent  feature      In  the  days  when  the  ^^^^.^^  ^^^  ^^^  ^^^^^  previous  years  were:    1916,  $14,- 

dommant   traffic    was   horse-drawn     distance   was   an  337  ^gg      jg^g     $13,525,617;    1914,    $11,601,000.      The 

miportant  consideration  and  as  between  two  compet-  .^^^^tage  of  engineering  cost  for  the  four  years,  ac- 

ing  routes  the  shorter  one  was  apt  to  be  given  care-  '^^            ^^  ^^^  ^^^^.^^  ^^^^^^.^  ^^  ^^^  j^^^  Highway 

ful  consideration  merely  because  it  was  the  shorter.  Commission,  was  as  follows: 

Now,  however,  with  the  development  of  motor  vehicles  p^,.  ^.g,-,; ^ 

distance  assumes  a  position  of  much  less  importance.  pi-i-     wiS-     piS-    wij- 

_,,..„                        ,                      J.1         1                          J-        J."     ii,„  County    engineering    2. so         2.i.t         J.5o         2.5N 

This   IS,   of  course,   because  the   larger  part    ot    the  Higiiway  commisson  m        .60        .g3        .sn 

traffic  on  improved  roads  is  recreation  or  semi-recrea-  Total  aii  engineering                        .Ttti      TJ:<      Tin      Tit 

tion  traffic,  and  the  man  who  is  traveling  for  the  pleas-  '         "           " 

ure  he  can  derive  from  so  doing  finds  few  things  of 

less  importance  than  the  length  of  the  route  between  Cost  of  Street  Oiling  in  Hamilton,  Ont. 
two  given  points.  During  the  season  of  1917,  803,390  sq.  yd.  of  streets 
On  the  other  hand,  distance  has  a  direct  effect  on  of  Hamilton,  Ont.,  were  oiled  and  covered  with 
the  cost  and  in  this  way  may  have  a  distinct  bearing  screenings.  The  average  cost  of  the  work,  accord- 
on  the  advisability  of  any  route.  However,  it  should  ing  to  the  last  annual  report  of  E.  R.  Gray,  City  En- 
be  borne  in  mind  that  cost  is  not  itself  a  factor  in  gineer,  was  as  follows : 
the  selection  of  routes,  though  it  is  all  too  often  so  Per 

referred  to.     It  is,  rather,  a  measure  of  the  tangible  Labor  oiling  $6.o'ob56 

factors   and   as   such  becomesthe   expression   of  the  oii,  o.i42i  gai.  at  9.6  ct ■    ■'^^^^^ 

summation  of  the  influence  of  these  tangible  factors.  Total  oiling   $0.01450 

It  is  true  that  this  summation  may  exceed  the  funds  k^^^"  ning'"rf.T1b'''at IfcL'  per  ton; ::::::::::::::::::::::  °:SomI 

available,  and  that  this  may  force  a  readjustment  of  .                                                                 „„  „„,.,„ 

,,.',,                   .       ,,  .'                  i,        •     i!          i-    I    J  Total    screening    $0.00223 

the  factors   but,   even   in   this   case,  the   influential   laC-  Grand  total,   oiling  and  screening $0.01673 

tors  are  those  underlying  the  cost.  The  cost  of  teams  per  hour  was  75  ct.  and  the  cost 

Curvature. — High  curvature  was  never  much  of  an  '-f  labor  was  35  ct. 
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TheWork  of  Hij^hways  Transport 
Clomniittec    in   DcNclopinj^ 
Effective  Use  of  Roads 

The  work  of  thf  Highways  Transport  Committee, 
Council  of  National  Defense,  this  committee  havinjf 
been  appointed  to  make  the  most  etTective  use  possi- 
ble of  the  hiifhways  as  one  of  the  meii|is  of  strength- 
ening the  nation's  transportation  resources,  is  now 
being  developed  in  such  a  way  as  to  take  in  every 
state  in  the  Union.  Further,  through  the  medium  of 
state  highways  transport  bodies,  functioning  with  the 
national  body,  this  organization  is  being  developed 
in  some  states  not  only  down  to  the  districts,  but  to 
the  counties  and  even  communities. 

The  state  highways  transport  bodies  are  a  part  of 
the  State  Council  of  Defense.  They  consist  of  the  fol- 
lowing: The  chairman  of  the  State  Highways  Trans- 
port Committee,  five  members  of  the  highways  trans- 
port body,  and  a  secretary.  The  five  members  in  ques- 
tion are  named  to  represent  areas  of  varying  sizes 
and  populations,  each  of  the  five  members  being 
chosen  from  one  of  such  five  different  areas,  and  in 
turn  ser\ing  as  chairman  of  his  district  committee. 
The  district  boundaries  are  laid  out  in  harmony  with 
e.xisting  conditions,  the  aim  being  that  the  most  effec- 
tive results  possible  may  be  brought  about.  For  in- 
stance, in  one  locality,  large  population  centers  may 
be  found  to  be  best  as  the  heart  of  one  or  more  dis- 
tricts. Again,  in  other  sections,  where  cities  of  large 
population  are  not  found,  the  district  boundaries 
may  be  made  to  embrace  agriculture,  lumber,  oil,  or 
other  areas. 

Such  highways  transport  committees  have  been 
organized  in  practically  all  of  the  states  of  the  Union, 
and  are  now  functioning  not  only  as  a  part  of  the 
State  Council  of  Defense,  but  with  the  national  body 
at  Washington.  While  in  some  states  the  work  in 
detail  has  gone  forward  to  a  most  gratifying  extent, 
thus  pointing  the  way  to  those  in  which  the  state 
highways  transport  body  has  been  more  recently  or- 
ganized, without  exception  efforts  looking  to  the  de- 
sired end  in  all  states  are  being  made. 

The  main  activities  of  the  national  and  its  allied 
highways  transport  bodies  are  for  the  present  being 
devoted   directly  to  the  following: 

Return  loads  bureaus,  rural  express,  co-operation 
with  Federal  Railroad  Administration,  transport  op- 
erating efficiency. 

These  activities  may  be  briefly  interpreted  as  fol- 
lows : 

Return  Load  Bureaus:  Elimination  of  empty  run- 
ning of  trucks  by  the  bringing  together  of  shipper 
and  truck  owner  in  a  .systematic  way,  so  as  to  pro- 
vide a   full   load  wherever  possible. 

Rural  Motor  Express:  Rapid  development  of  the 
use  of  the  motor  truck  in  regular  daily  service  over 
a  fixed  route  with  a  definite  schedule  of  stops  and 
charges;  gathering  farm  produce,  milk,  live  stock, 
eggs,  etc.,  and  on  the  return  trip  carrying  merchan- 
dise, machinery,  supplies,  etc.,  for  farmers  and  others 
along  the  route. 

Co-operation  with  Federal  Railroad  Admini.stra- 
tion:  Taking  of  congestion  from  crowded  rails  on 
to  the  open  highways  and  also  freeing  terminals  from 
railroad  and  express  congestion. 

Transport  Operating  Efficiency:  The  making  of 
transportation    more    efficient,     which     end     will     be 


sought  through  encouragement  of  such  use  of  high- 
ways transport  as  will  operate  to  avoid  the  making 
■  f  trips  with  only  part  loads;  also,  briefly,  the  elimina- 
tion of  waste  effort.s,  man  power,  and  time  in  load- 
ing and  unloading. 

Typical  of  the  work  being  done  by  some  of  the 
state  highways  transport  bodies,  that  already  in- 
augurated in  such  representative  states  as  Connec- 
ticut, New  York,  Pennsylvania,  Michigan,  Illinois 
and  Colorado  may  be  suggested.  For  instance,  reso- 
lutions recently  adopted  at  a  meeting  of  the  Michigan 
Highways  Transport  Committee  point  the  way  to  the 
manner  in  which  that  state  is  aiding  in  this  vital 
phase  of  the  war  work. 

Resolutions,  in  part,  recommend  that  inter-city  and 
rural  motor  express  and  return  loads  bureaus  be  es- 
tablished where  practicable  in  every  part  of  the 
state;  that  steps  be  taken  to  have  the  state  consti- 
tution amended  and  suitable  legislation  enacted  to 
aid  in  the  granting  of  franchises,  properly  restricted, 
for  organizing  and  equipping  motor  express  lines. 

Again,  in  Pennsylvania,  an  organization  down  to 
the  county  has  been  perfected,  and  noteworthy  devel- 
opment has  been  brought  in  such  counties  as  Al- 
legheny, Butler,  Clinton,  Lawrence,  Luzerne,  Mc- 
Kei.n  and  Tioga.  Pennsylvania  co-operated  most  ef- 
fectively during  the  heavy  snows  of  the  past  winter 
to  the  end  that  routes  selected  for  Government  motor 
truck  trains  on  their  way  from  points  north  to  sea- 
board were  cleared  of  snow  and  the  overland  trips, 
the  first  attempted  by  the  Government,  made  possi- 
ble. In  this  work  Michigan  also  lent  a  hand  most 
effectively. 

In  Illinois  the  transport  division.  Highways  Trans- 
port Committee,  has  worked  out  a  compact  plan  of 
organization  and  drawn  up  a  method  of  procedure. 

It  has  established  a  return  loads  bureau  in  Chicago, 
located  at  the  headquarters  of  the  State  Council  of 
Defense,  and  preliminary  steps  have  been  taken  look- 
ing to  the  establishment  of  subsidiary  bureaus  in 
some  of  the  larger  towns  between  which  and  Chicago 
there  is  considerable  movement  of  freight. 

Connecticut  was  the  first  state  to  organize  com- 
pletely, with  a  return  loads  central  bureau  at  Hart- 
ford. It  has  numerous  flourishing  bureaus  outside 
of  Hartford,  equipped  with  telephone  service,  that 
delays  in  the  transmission  of  orders  may  be  elimi- 
nated. The  Hartford  bureau  is  constantly  on  the 
alert  to  the  end  that  interested  persons  such  as  truck 
owners,  merchants,  farmers,  manufacturers,  may 
know  just  when  and  where  return  loads  ser\'ice  is 
available. 

A  gratifying  number  of  inter-city  motor  express 
routes  are  now  in  operation  in  Colorado,  and  within 
a  short  time  these  will  be  organized  as  rural  motor 
express  routes  in  harmony  with  the  plans  of  the  na- 
tional highways  transport  body.  The  establishment 
of  return  loads  bureaus  throughout  Colorado  also  is 
being  given  intensive  study,  and  the  state  highways 
transport  body  is  confident  of  being  able  shortly  to 
have  this  vital  war  activity  in  operation. 


Chicago  .Mil-ting  of  Am.  Asitor.  State  High\\a>  Udi- 
cials. — The  meeting  of  the  American  Association  of 
.State  Highway  Officials  to  be  held  in  Chicago  has  been 
changed  from  Oct.  7,  8  and  9  to  Dec.  3,  -I,  '■>  and  6.  A. 
I).  Williams,  Chairman  State  Road  Commission  of  West 
Virginia.  Morgantown,  W.  Va..  is  Acting  Secretary  of 
the  Association. 
■Ui 
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Method   of  Obtaining    Pavement 
Contour  Without  Strikeboard 

A  method  of  securing  the  contour  of  pavements 
without  the  use  of  strike  boards,  which  is  entirely 
successful  for  all  classes  of  road  and  street  construc- 
tion when  the  pavement  is  20  or  more  feet  wide,  is 
described  in  the  August  issue  of  the  Concrete  High- 
way's Magazine,  to  which  we  are 
indebted  for  the  matter  that  fol- 
lows : 

The  method  is  frequently  referred 
to  as  the  "luting  method"  because  a 
lute  which  resembles  a  toothless 
rake,  is  used  in  place  of  the  strike- 
board  to  manipulate  the  concrete  to 
proper  contour.  The  final  contour 
of  the  pavement  must  be  designated 
by  points  that  will  allow  a  workman 
operating  a  lute  to  place  the  con- 
crete to  approximately  the  required 
finished  section.  To  establish  these 
points,  eight  steel  pins  of  the  type 
shown  in  an  accompanying  drawing 
are  used.  They  are  made  so  that 
when  the  pin  is  in  place,  2  in.  of  it 
will  show  above  the  work  in  order 
that  the  pin  may  be  located  and  re- 
moved after  luting  is  completed. 
One  pin  should  be  placed  at  the  cen- 
ter line  and  one  at  each  quarter 
point.  For  wide  streets  one  is  placed 
at  the  center  line  and  others  at  in- 
tervals of  from  4  to  6  ft.  across  the 
entire  width  of  the  pavement.  The 
rows  of  pine  are  placed  longitudinal- 
ly every  8  to  9  ft.  apart. 

Pins  are  set  by  the  use  of  sighting 
sticks  or  T's.  The  top  of  the  lug  is 
used  as  the  grade  point.  On  especial- 
ly wide  work  it  is  necessary  to  figure 
the  ordinates  for  certain  distances 
and  to  compute  the  sighting  or  set- 
ting stick  notches  accordingly  from 
one  side  to  the  center. 

The  shortest  length  of  the  side  stick  is  the  differ- 
ence in  height  of  the  side  forms  and  the  finished  sur- 
face at  the  center  of  the  road  or  street,  plus  or  minus 
the  length  of  the  T's,  depending  on  whether  the  fin- 
ished crown  at  the  center  is  above  or  below  the  top 
of  the  side  forms. 

When  this  difference  is  accounted  for,  the  notch 
for  the  quarter  points  is  determined  by  dividing  the 
crown  of  the  pavement  by  4.     The  result  is  the  difl'er- 


ence    in    elevation    between    the    center    and    quarter 
points  in  the  finished  surface. 

Setting  of  the  center  and  quarter  pins  is  applicable 
only  on  roads  or  streets  up  to  30  ft.  wide.  Wider 
streets  should  have  the  center  pin  established  and 
not  fewer  than  5  to  9  pins  additional  should  be  set. 
The  ordinates  of  the  arc  or  crown  should  be  calculated 
for  each  pin. 
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One  inch  for  each  pin  should  be  cut  in  the  side 
stick,  depending  on  the  number  of  pins  used  from  the 
side  form  to  and  including  the  center  pin. 

After  placed  on  the  subgrade,  the  concrete  is  ma- 
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Lute    in    Use   on   Sheridan    Road,   Winnetl<a,    I 
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nipulated  with  the  lute  to  move  it  as  may  be  neces- 
sary. The  operator  stands  with  his  back  to  the 
mixer,  working  in  the  direction  in  which  concrete  is 
beinjf  placed.  If  it  is  necessary  for  him  to  walk  on 
the  luted  surface,  the  concrete  surrounding  the  boot 
holes  should  be  thoroughly  stirred  up  so  that  the  holes 
will  be  filled  with  a  mi.xture  similar  to  adjacent  con- 
crete. 

Luting  brings  the  surface  to  a  general  grade  only. 
It  moves  the  concrete  from  the  places  where  it  is 
high,  to  the  low  spots,  and* a  surface  is  obtained 
which  does  not  show  more  than  'i-in.  depressions. 
These  are  later  removed  by  the  roller  and  belt. 


New  Assessinj^  System  Includes 
House  Survey 

A»  efficient  method  of  arriving  at  property  valua- 
tions for  ta.x  assessing  purposes  in  smaller  cities 
has  been  employed  for  several  years  at  Appleton,  Wis., 
and  is  now  being  tried  out  at  Owatonna,  Minn.  The 
plan  was  described  as  follows  by  Mr.  Harry  Dartt. 
city  engineer  of  Owatonna,  in  a  paper  presented  at 
the  last  annual  meeting  of  the  Affiliated  Engineering 
Societies  of  Minnesota. 

Heretofore  the  assessor  in  Owatonna  has  been 
employed  from  May  1st  to  July  1st  with  enough  as- 
sistants to  enable  him  to  complete  his  books  by  July 
1st.  Under  the  charter  the  assessor  is  appointed  by 
the  City  Council.  The  average  cost  of  assessing  the 
city  the  past  10  years  has  been  about'  $1,000  per  year. 
The  Council  have  now  adopted  a  new  plan  as  follows: 

The  assessor  is  elected  for  the  year,  at  a  salary  this 
year,  of  $1,000.  The  first  6  months,  or  until  July  l.st 
he  will  be  employed  at  his  regular  duties  of  assessing 
real  and  personal  property,  except  that  he  will  do  all 
the  work  himself  without  assistance.  After  July  1st 
until  cold  weather  sets  in,  he  will  be  employed  in 
making  house  surveys  in  preparation  of  a  plat  system. 
From  cold  weather  until  his  duties  in  assessing  per- 
sonal property  begin  next  year,  he  will  be  making 
plats,  and  perfecting  information  sheets  of  the  system 
described  below. 

Each  piece  of  real  estate  on  which  there  are  struc- 
tures will  be  represented  by  a  loose-leaf  sheet  11x14 
in.  in  size,  bearing  the  title  "Assessors'  Information 
Sheet."  The  face  will  show  a  plat  of  the  premises 
with  as  much  detail  as  is  desired.  Dimensions  of  lots 
and  tracts,  outside  measurements  of  structures, 
height  of  walls,  concrete  walks  and  drives,  and  pos- 
sibly shade  and  orchard  trees  will  be  shown  on 
the  plat. 

Property  without  structures  may  be  shown,  includ- 
ing topography,  fields,  timber,  wet  lands  and  water- 
cour.ses.  The  latter  feature  probably  would  be  most 
valuable  in  showing  valuations  of  outlying  garden 
tracts  and  small  farms  within  the  city  limits. 

On  the  reverse  will  appear  a  questionnaire  giving 
detail  information  as  to  the  construction  of  buildings; 
roof,  walls,  floors  and  finish,  plumbing,  heating, 
lighting,  etc. 

In  this  ca.ie  of  a  city  of  7,000  population,  about 
1,700  lots  and  tracts  will  require  that  many  sheets. 
2,000  will  be  printed.  It  is  planned  to  use  five  binders 
containing  about  400  sheets  each.  Tabbed  index 
sheets  will  separate  the  different  additions  and  all 
will  follow  the  order  of  the  descriptions  in  the 
tax-books. 

For  field  use  in  making  house  surveys,  sheets  8' 2x11 


in.  will  be  printed  with  the  questionnaire  on  one  side 
and  the  plat  with  the  measurements  will  be  pencilled 
on  the  other  side. 

The  preparation  of  the  new  system  has  been  placed 
under  the  supervision  of  the  City  Engineer  but  the 
As.sessor  will  do  all  the  work,  including  the  making 
of  the  plats. 

It  is  estimated  that  the  system  will  be  completed  in 
2  years  with  no  more  expense  than  the  average  annual 
expense  of  assessing  the  city. 

It  is  anticipated  the  system  will  bring  the  following 
results: 

1st.  Arrive  at  more  even  valuations  by  having  one 
man  do  all  the  assessing. 

2nd.  Enable  the  Board  of  E(|ualization  to  act  with 
more  intelligence  in  adjusting  disputed  valuations. 

3rd.  Force  the  assessor  to  show  a  foundation  for 
his  assessments. 

4th.  Furnish  valuable  information  to  those  officers 
and  employees  having  to  do  with  the  building,  electric, 
plumbing,  and  water-works  ordinances  of  the  city. 


2-In.  Water  Pipe  I'sed  for  Rollinji  Concrete 
Pavement 

A  length  of  2-in.  wrought  iron  water  pipe  filled 
with  sand  was  used  successfully  in  rolling  a  New- 
York  state  concrete  road.  The  paved  surface  was 
35  ft.  wide,  the  middle  19  ft.,  being  occupied  by  a 
2-track  street  railway.  This  section  was  surfaced 
with  2-course  concrete;  the  rest  of  the  paving  was 
1-course.  The  roller,  one  end  of  which  rested  on 
the  outside  form  and  the  other  on  the  outer  rail  of 
the  track  was  pushed  ahead  with  the  foot.  As  a  re- 
sult two  men  could  handle  the  spreading  and  finish- 
ing of  the  concrete.  The  batch  was  spread  a  little 
high  with  hoes  and  was  then  rolled  into  shape  with 
the  pipe.  An  8-in.  wrought  iron  pipe  also  was  tried 
on  the  work,  but  failed  to  give  as  good  satisfaction 
as  the  smaller  size. 


Method  of   Repairing   Uneven   Joints   in 
Concrete  Road 

Uneveness  in  a  number  of  joints  of  the  Toronto- 
Hamilton,  Ont..  concrete  highway,  caused  by  heaving 
of  the  slabs  was  remedied  by  chipping  off  the  high 
places  or  by  building  up  an  approach.  The  joints 
causing  a  severe  jar  to  vehicles  were  chiseled  through 
and  filled  with  a  mixture  of  tar  and  crushed  gravel. 
Where  it  seemed  probable  the  slabs  would  return  to 
their  original  position  the  abrupt  offset  •  was  im- 
proved by  by  buildir.g  up  an  approach,  in  some  cases  18 
in.  wide,  with  tar  and  pea  gravel.  In  cases  where  it 
seemed  likely  that  the  slabs  would  not  settle  back 
to  place  the  joints  were  chipped  off  with  a  mason's 
hammer.  This  chipping  was  limited  so  that  the  thick- 
ness of  the  slab  was  not  reduced  more  than  1  in.  This 
formed  a  satisfactory  and  low  cost  method  of  remov- 
ing the  minor  inequalities. 


Boiler  Ser\e8  aa  Standpipe  for  Concrete  Koad  N\  ater 
Supply.  An  old  boiler  shell,  5  ft.  diameter  and  25  ft. 
long,  up-ended  and  set  in  a  base  of  concrete  served  as 
a  standpipe  on  a  concrete  road  job.  On  this  work  the 
water  had  to  be  pumped  a  maximum  distance  of  nearly 
4  miles.  The  standpipe  and  a  rotary  booster  pump 
were  employed  to  keep  up  the  pressure. 
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City  Planning   for  Small  Munici- 
palities, with  Special  Reference 
to  an  Industrial  Survey 

The  planning  of  small  cities  is  as  important  to  the 
efficiency  of  the  nation  as  a  whole  as  is  the  planning 
of  larger  cities.  It  has  been  thought  comprehensive 
planning  relates  more  to  larger  cities  than  to  those 
of  100,000  population  and  under.  This,  stated  Mr. 
A.  Pearsons  Hoover,  Consulting  Engineer,  New  York 
City,*in  an  address  at  the  last  annual  meeting  of  the 
City  Managers'  Association,  has  been  more  or  less 
due  to  the  assumption  that  planning  is  not  necessary 
until  a  city  has  reached  a  cei-tain  population.  Small 
cities,  according  to  Mr.  Hoover,  have  a  distinct  ad- 
vantage over  larger  cities  in  city  planning,  for  they 
can  take  the  experience  and  mistakes  of  the  large 
municipalities  as  their  example  for  future  develop- 
ment. In  order  to  comprehend  fully  the  vital  need 
of  comprehensive  planning  for  small  municipalities 
one  has  but  to  examine  the  enormous  expenditures 
made  by  large  cities  to  rectify  existing  conditions. 
Further  extracts  from  Mr.  Hoover's  paper  follow. 

Planning  of  Streets  Important. — In  the  arrange- 
ment of  streets  the  small  city  can  be  guided  by  the 
lessons  learned  by  larger  cities.  Here  again  should 
the  importance  of  comprehensive  planning  be  felt  by 
the  small  cities.  The  street  system  of  every  mu- 
nicipality is  directly  related  to  topographical  condi- 
tions as  well  as  to  the  intensified  use  of  certan  sec- 
'tions.  Certain  streets  should  always  perform  and 
serve  a  distinct  function  in  respect  to  traffic,  if  the 
development  and  improvements  upon  the  land  are 
followed  out  upon  a  comprehensive  plan  for  the  fu- 
ture. 

The  value  of  a  street  system  depends  in  a  certain 
measure  upon  the  extent  of  its  diagonal  highways  and 
major  thoroughfares,  and  the  value  of  any  diagonal 
highway  or  main  thoroughfare  depends  upon  the  con- 
nections served  to  different  sections.  The  small  city 
should  feel  the  importance  of  providing  means  for 
the  widening  of  certain  streets  to  meet  future  re- 
quirements. This  can  be  accomplished  at  the  time 
when  improvements  have  not  yet  become  intensified 
by  making  provision  for  the  ultimate  widening  of  such 
streets  to  provide  for  the  traffic  which  they  shall  be 
called  upon  to  handle,  when  the  city  has  increased 
to  a  certain  population  and  covers  a  contemplated 
area. 

Transit  Problem. — In  the  planning  of  small  cities 
one  important  question  to  be  studied  in  the  light  of 
present  needs  and  future  growth  and  possibilities,  is 
the  transit  problem.  Mistakes  made  in  the  larger 
cities  by  permitting  transit  facilities  to  develop  indis- 
criminately so  as  to  feed  and  tap  certain  localities, 
have  been  a  source  of  great  importance  to  the  com- 
munity. To  rectify  such  mistakes  the  expenditure  of 
huge  sums  of  money  has  been  necessary.  To  utilize 
the  best  facilities  for  transportation  in  the  small  city 
is  to  plan  and  lay  out  for  the  future  growth. 

The  small  city  should  lay  out  on  a  comprehensive 
plan  all  the  transit  facilities  that  will  be  required 
to  meet  demands  far  in  the  future,  based  upon  past 
record  of  growth.  To  be  able  to  transport  workmen 
or  mechanics  quickly  to  and  from  work  is  of  vital 
importance  in  the  development  of  any  community. 
In  all  cities  thought  should  be  given  to  the  possibility 
of  future  need  for  elevated  systems  or  subways  and 
in  connection  with  such  rapid  transit  facilities  con- 
sideration  should  be  given   not  only  to  the   location 


of  stations,  but  to  the  intersection  of  streets,  where  it 
is  likely  that  subways  will  be  required,  so  that  curves 
may  be  located  from  cross  street  to  the  main  avenues 
without  the  demolishing  of  buildings  or  the  heavy 
expense   of    underpinning   large   superstructures. 

Grade  Crossings. — In  the  planning  of  small  cities 
the  question  of  the  elimination  of  grade  crossings 
arises.  It  is  well  known  that  in  several  communities 
the  cost  of  eliminating  grade  crossings,  under  present 
conditions,  amounts  to  considerable  more  money  than 
if  this  problem  had  be^n  studied  in  the  past  with  an 
eye  to  the  future  growth.  In  this  problem  alone  the 
small  city  is  in  a  more  advantageous  position  relative 
to  city  planning  than  is  the  larger  one  whose  develop- 
ment has  been  allowed  to  continue  without  any  com- 
prehensive plan. 

Districting  of  City  Important. — One  of  the  most 
important  subjects  in  the  development  of  the  small 
city  is  the  vital  question  of  districting.  To  be, able 
to  district  means  the  ability  to  set  aside  certain  sec- 
tions for  certain  usages.  The  districting  of  certain 
sections  of  the  small  city  for  future  growth  and  de- 
velopment means  that  the  small  town  will  automatic- 
ally assume  the  shape  of  an  economic  and  efficient 
municipality.  Districting  means  the  healthy  develop- 
ment of  the  whole  community  on  broad  lines  and  on 
an  economic  basis.  It  means  the  stabilizing  of  real 
estate  values.  It  means  the  producing  of  the  best  the 
community  affords  relative  to  its  natural  resources 
and  geographical  location. 

Development  Depends  on  Industrial  Progress. — A 
small  city  depends  for  its  development  greatly  upon 
its  industrial  progress.  To  be  able  to  operate  indus- 
tries efficiently  and  to  be  able  to  produce  commodities 
cheaply  depend  upon  the  efficiency  of  the  industrial 
section.  Without  industrial  efficiency  municipal  ex- 
pansion cannot  obtain.  The  question  resolves  itself 
into  the  vital  need,  together  with  city  planning,  of 
an  industrial  survey. 

Object  of  Industrial  Sui"vey. — An  industrial  survey 
means  that  a  comprehensive  plan  and  study  is  made 
of  the  resources  of  the  industrial  communit>.  These 
resources  are  tabulated  and  analyzed  and  upon  the 
results  recommendations  are  made  for  the  rectifying 
of  present  mistakes  and  suggestions  for  economic 
future  growth.  An  industrial  survey  means  an  in- 
ventory of  the  industrial  section.  It  means  the  study 
of  the  different  elements  entering  into  the  industrial 
community,  to  be  able  to  plan  a  healthy  growth  for 
the  future.  It  denotes  the  same  for  an  industrial 
communit.v  as  does  the  taking  of  stock  in  and  the 
laying  out  of  efficiency  lines  of  the  different  depart- 
ments in  a  large  industrial  plant.  It  means  to  so 
regulate  and  so  locate  the  different  industries  in  the 
section  that  each  shall  receive  the  services  required 
with  the  services  that  can  be  offered. 

The  industrial  survey  places  economy  and  efficiency 
in  operation  above  all  else.  It  emphasizes  the  need  of 
co-ordinating  the  different  transit  facilities,  industrial 
locations  and  the  development  of  the  natural  resources 
near  or  adjacent  to  the  municipality,  to  bring  about 
efficiency  in  production  and  efficiency  in  management. 
Lack  of  appreciation  of  the  advantages  of  the  natural 
resources  of  any  municipality  can  only  hamper  the 
normal  and  healthy  development  of  industrialism. 
Industrialism  can  reach  its  highest  development  only 
when  equal  opportunity  is  secured  to  all  and  when 
reward  is  equitably  proportioned  to  services  rendered. 
It  can  reach  its  highest  development  only  when  ap- 
preciation is  thoroughly  sensed  of  the  vital  importance 
for  an  industrial  survey  as  a  means  of  bringing  out 


(64) 


Seplcinhcr  4.  l'»l.S. 


KXi.lM.KKlM.    AND    LUaTKACIINcj 


243 


clearly  the  production  on  economic  lines  of  raw  mate- 
rials near  at  hatul. 

SuKKetited  Industrial  Suney  PruKram. — Briefly,  the 
industrial  survey  would  in  general  cover  the  followinK 
subjects: 

An  analysis  of  the  present  transportation  facilities 
.showinK  their  advanta^'es,  needs  and  future  expansion. 

Analysis  of  the  transportation  charges  and  plan 
for  readjustment  so  as  to  increase  more  effectively 
the  interchange  of  commodities. 

Study  of  the  position  of  the  municipality  with 
respect  to  other  commercial  centers  of  the  country. 

Study  of  the  position  of  the  municipality  as  a 
center  for  certain  types  of  industries  with  analyses 
showing  why  and  how  certain  industries  would  be 
developed. 

Study  of  the  relation  of  the  municipality  in  regard 
to  the  development  of  any  distinct  line  of  transpor- 
tation. 

An  analysis  of  the  industrial  section  with  plans 
for  present  improvement  together  with  suggestions 
for  future  development. 

An  analysis  of  the  present  industries  with  sugges- 
tions for  development  in  the  future. 

An  analysis  of  the  labor  condition  in  regard  to 
present  industries  together  with  suggestions  as  to  the 
kind  of  labor  necessary  for  certain  industries  wh^ch 
should  be  developed. 

.An  analysis  of  the  housing  problem  in  conjunction 
with  the  labor  system. 


Cost  of  (Constructing  Macadam  Pavement 
at  Hamilton,  Ont. 

The  following  figures  from  the  report  of  E.  R.  Gray, 
City  Engineer  of  Hamilton,  Ont.,  for  1916-17.  show 
the  unit  cost  of  constructing  2,361  sq.  yd.  of  macadam 
on  the  northerly  half  of  Burlington  st.  The  macadam 
consisted  of  5  in.  of  bottom  stone  and  3'i'  in.  of  top 
stone,  requiring  897  cu.  yd.  stone  and  screenings 
loose  measurement,  or  559  cu.  yd.  in  place.  This  was 
1.6  cu.  yd.  of  stone,  loose  measurement,  for  each  cubic 
yard  in  place.    The  cost  of  work  was  as  follows: 


oprratlon.  guiintltles.   ftc. 

i^nidlnK     2361    8i|.    yd | 

Bottom  stone   45  loads  talUnRS  at  ll.aO. . 

Itj'J  londH   l)Ottoni  Htonc  at 

%:.2(i'r2     " 372.65 

HuulliiK  Iwttom  8loiie..221  luadH  at  ll.STK  ($7.50 
per  day.  4  trips).  In- 
cline- tickets  J13.00   427.37 

UiylnK  bottom  stone   ..62(1   hours  at   3S   ct 181 .9:1 

Kolllni;  bottom  stone  ..2    days    13.C0 

Top   Mone    From   Dundas,   7  cars    ....       4O0.2.'> 

Krom   <iuarr}°.   IS    loads  at 

12.95^      56.15 

I'nloadlnic  from  cars  anl  huulInK  370.S  tons,  156.3 

loads     142.4S 

Haullni;    from    quarry..  11'   loads    34.44 

Sprwxlln;;  top  stone  31.32 

.><crc.<-nlnKs     34    loads    from    quarry    at 

l2.02Vi     74.98 

18  loads  from  Ward  « 43.73 

Haiillnt;    screonlncs     85.04 

I'liii'inK    screenlnKs     36.57 

Ilottd     roller,     foreman,     time    keeper,     watchman, 

coal,    etc 13V.9S. 

t2,4SS.3r, 
i-nt  of  $1.360..         68.00 


<  "est 

per 

»i|.  yd. 

10.147 


.060 
.015 
.013 


.060 
.036 
.016 


prr  rent  on  lalH>r  for  tools.  6  ix-r 


.029 
t3..'23.35     $l.0CS 

The  labor  cost  of  unloading  the  stone  from  cars 
using  hoppers  was  22.8  ct.  per  ton  or  5-1  ct.  per  load, 
the  latter  averaging  2.37  tons.  The  labor  time  for 
unloading  370.8  tons  from  7  cars  was  241 '  .■  hours 
at  35  ct.  per  hour. 
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Location  of  Earth  Roads* 

Hy   K.  K.  I.(tL(  K.<. 

Ill  a  prciviiKc  such  as  Saskatchewan  where  the 
supply  of  gravel  for  surfacing  road.s  is  somewhat 
limited  and  as  yet  undeveloped  and  where  distances 
are  so  great  and  settlement  so  sparse,  u  largo  per- 
centage of  our  public  highways  must  of  necessity  be 
earth  roads. 

Much  can  be  accomplished  in  road  making  by  using 
the  proper  materials  and  equipment,  by  efficient  or- 
ganization and  supervision  of  construction,  yet  this 
may  be  more  than  offset  by  bad  planning.  Bad  plan- 
ning of  roads  retards  the  progress  ^of  any  community 
— by  increasing  the  cost  of  haulage  up  steep  grades 
and  over  greater  length  than  is  neces.sary.  This 
tends  to  scatter  the  population  so  that  the  amount  of 
road  to  be  built  and  maintained  is  not  in  keeping  with 
the  linancial  status  of  the  ta.xpayer. 

Roads  should  be  located  by  engineers  governed  by 
the  principle  of  balancing  the  lengths  and  grades  that 
a  minimum  effort  will  be  required  to  go  from  one  end 
to  the  other.  Since  the  introduction  of  self-pro- 
pelled vehicles,  with  their  greatly  increased  radius 
of  action,  the  loss  of  time,  energy  and  money  caused 
by  lack  of  directness  in  highways  has  been  more 
apparent,  and  it  is  obvious  that  any  intelligent  plan 
for  the  improvement  and  extension  of  a  new  .system 
must  include  the  correction  of  alignment  in  existing 
road.s  and  provision  for  direct  routes  between  im- 
portant centers. 

In  Saskatchewan  the  engineer  is  given  very  little 
latitude  as  to  the  location  of  roads.  He  must  adjust 
his  scheme  to  fit  into  the  system  of  rectangular  sub- 
division into  which  this  province  is  surveyed;  This 
is  not  always  and  easy  task.  In  passing,  however,  it  is 
doubtful  if  any  better  system  of  laying  out  our  prairie 
lands,  having  regard  to  all  the  conditions,  could  have 
been  evolved.  On  the  other  hand,  the  sooner  we 
abandon  the  idea  of  sticking  to  these  rectangular 
allowances,  whatever  obstacles  may  be  encountered, 
and  freely  divert  our  roads  to  suit  the  topography  of 
the  country,  the  sooner  will  we  lay  the  foundations 
for  a  wise  and  permanent  system  of  highways. 

In  locating  our  roads  we  must  remember,  too,  that, 
generally  speaking,  the  road  will  be  constructed  from 
the  material  over  which  it  passes,  so  it  will  be  well 
to  study  the  nature  of  the  soils  and  avoid  where 
possible  swamps,  sloughs,  alkaline  areas,  etc.  This  i-^ 
desirable  not  only  on  account  of  the  poor  nature  of  the 
road-making  qualities  of  the  soil,  but  also  on  account 
of  the  difficulty  of  draining. 

In  any  system  of  highways  there  must  be  certain 
focal  points  of  varying  importance.  Traffic  increases 
as  such  points  are  approached,  and  hence  the  capacity 
of  the  roads  must  increase  in  like  proportion.  The 
gradients  of  main  thoroughfares  should  be  made  as 
light  as  possible,  both  for  the  reason  that  loads  are 
heavier,  and  that  lighter  gradients  permit  higher 
speed  and  therefore  greater  capacity.  Present  cen- 
ters will  increase  in  importance,  but  not  in  the  same 
ratio.  What  is  today  a  suliordinate  center  may  in 
another  decade  be  of  relatively  greater  importance, 
and  the  highways  approaching  it  may  have  to  be 
widened  and  improved  in  alignment;  hence  it  is  im- 
portant to  give  careful  consideration  to  the  location 
and  width  of  each  particular  road  of  the  system  in 
order  that  the  cost  of  such  future  improvement  may 
be  minimized. 

The  principles  which  should  govern  the  creation 
of  a  .system  of  highways  in  a  city  are  quite  similar  to 
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those  applying  to  a  state  or  a  county.  The  city  will 
also  have  one  or  more  principal  traffic  centers  and  a 
number  of  subordinate  centers.  Direct  connections 
between  these  centers  are  of  prime  importance  owing 
to  the  heavier  loads  and  the  lower  speeds  enforced  by 
greater  volume  of  traffic.  It  is  a  mistake  to  treat  a 
city  and  a  contiguous  rural  system  of  highways  inde- 
pendently of  each  other.  The  motor  car  has  placed 
the  city  in  such  close  relation  with  the  rural  districts 
surrounding  it  and  with  the  neighboring  towns,  and 
ther  interdependence  has  become  so  great,  that  the 
entire  system  of  highways,  both  rural  and  urban,  must 
be  considered  as  an  entity. 

The  chief  highway  connecting  two  towns  should 
afford  a  direct  connection  between  the  important  thor- 
oughfares of  each.  Frequently  this  is  not  the  case, 
but  the  main  and  sometimes  the  only  adequate  road 
connecting  them  leads  at  either  end  into  narrow,  tor- 
tuous, and  shabby  streets  which  must  be  traversed  in 
order  to  reach  the  business  and  administrative  center. 
How  different  an  impression  one  will  obtain  and  how 
largely  will  the  pleasure,  comfort  and  convenience 
of  a  journey  be  increased  if  the  approach  to  a  town 
is  through  a  dignified,  well-paved  thoroughfare  con- 
stantly increasing  in  importance  and  interest  until 
the  climax  is  reached  at  a  well-designed  and  conve- 
nient civic  center. 

In  the  creation  of  radial  roads  a  difficult  problem 
is  frequently  presented  by  the  same  town  or  village 
through  which  such  roads  would  naturally  pass.  It 
rarely  happens  that  any  of  the  town  or  village  streets 
are  of  sufficient  width  to  provide  the  needed  capacity. 
Their  widening  would  involve  expense  which  might 
be  prohibitive  and  would  be  violently  opposed  by 
those  who,  attracted  by  the  quiet  of  the  village  street, 
have  made  their  home  there  and  do  not  wish  to  see  it 
converted  into  a  busy  thoroughfare.  In  such  cases  it 
is  usually  possible,  by  a  slight  detour,  to  avoid  the 
local  street,  save  the  expense  of  widening  and  return 
to  the  existing  road  at  a  convenient  point  beyond  the 
town.  At  the  same  time,  new  impetus  will  be  given 
to  the  development  and  improvement  of  the 
land  along  the  new  highway,  while  the  char- 
acter of  the  older  portion  of  the  town  will  be 
preserved.  This  plan  of  adopting  the  "by-pass  roads" 
is  simply  following  the  lines  of  least  resistance  and 
may  go  far  towards  overcoming  the  local  opposition 
which  frequently  develops  when  any  change  is  sug- 
gested. 

Curves. — Curves  should  be  planned  to  afford  a  sight 
distance;  that  is,  the  greatest  distance  at  which  the 
drivers  of  two  approaching  vehicles  may  see  each 
other's  machine,  of  not  less  than  250  ft.  This  would 
afford  the  driver  of  each  of  the  approaching  vehicles 
a  distance  of  125  ft.  within  which  to  come  to  a  halt. 
In  the  case  of  automobiles  traveling  at  the  rate  of  15 
miles  per  hour,  a  maximum  of  6  seconds  would  be  pro- 
vided to  bring  either  machine  to  a  standstill  before 
collision. 

The  radii  of  the  curves  will  depend  on  the  speed  of 
the  traffic.  On  the  level  stretches  of  roads  and  on 
those  with  gentle  gradients,  upon  which  naturally 
motors  are  driven  at  top  speed,  sharp  curves  are  es- 
pecially troublesome  and  dangerous  at  the  same  time, 
if  they  interfere  with  the  proper  outlook.  In  hilly 
districts,  on  the  other  hand,  motor  cars  going  both 
up  and  down  hill  are  naturally  obliged  to  proceed  at 
much  lower  speeds,  at  which  they  can  easily  take  the 
sharp  curves  which  have  to  be  adopted  on  such  roads 
owing  to  the  limitations  imposed  by  the  configuration 
of  the  ground. 

It  would  seem  advisable  to  set  a  minimum  radius  of 


300  ft.  wherever  possible  without  incurring  a  prohibi- 
tive cost.  If  the  radius  has  to  be  shortened  to  150  ft. 
and  under,  danger  signs  should  be  placed  at  least  400 
ft.  from  the  B.C.  and  the  E.C. 

When  a  curve  occurs  on  an  ascent,  the  grade  at  that 
place  should  be  diminished  in  order  to  compensate  for 
the  additional  resistance  of  the  curve.  When  it  is 
necessary  to  make  a  radius  of  curvatui-e  less  than  300 
ft.,  we  should  follow  the  principle  of  reducing  the 
grade  on  the  curve  at  the  rate  of  1  per  cent  for  every 
50  ft.  that  the  radius  has  to  be  reduced;  so  that  where 
we  are  locating  a  5  per  cent  grade  and  have  to  put  in 
a  curve  of  200-ft.  radius  we  give  a  3  per  cent  grade. 
On  curves  with  a  small  radius  the  employment  of  tran- 
sition curves  is  desirable.  As  a  rule,  there  ought  to 
be  a  tangent  of  about  100  ft.  between  two  curves. 
Quick  reverse  curves  are  disagreeable  and  dangerous 
with  automobile  traffic  and  are  to  be  avoided. 

Where  the  road  is  to  be  located  along  the  slopes  of 
ridges  and  a  choice  of  ridges  is  available,  those  afford- 
ing the  greatest  protection  against  the  action  of  pre- 
vailing storms  should  be  selected.  The  advantages 
resulting  from  such  a  choice  will  be  greater  freedom 
from  the  effects  of  heavy  rains  and  drifting  snow. 

A  development  in  street  improvement  resulting 
from  automobile  traffic  is  the  demand  for  curves  of 
larger  radius  at  the  corner  of  street  intersections. 
Pa§t  practice  resulted  in  a  corner  that  was  nearly 
square,  or  had  the  curve  varying  from  4  to  10  ft. 
radius.  This  means  that  the  vehicle  could  not  turn 
into  an  intersection  street  until  it  had  passed  the  cor- 
ner. The  driver  of  a  car  must  either  shift  gear  and 
slow  down  to  a  suitable  speed  for  the  turn,  or  else 
he  may  take  the  turn  with  an  abruptness  that  is  a 
menace  to  other  vehicles  as  well  as  pedestrians.  A 
further  alternative  practiced  by  many  drivers  is  to 
swing  widely  at  the  turns,  a  practice  which  carries 
them  to  the  wrong  side  of  the  roadway  and  risks  ac- 
cident. 

Toronto,  Ottawa,  Windsor,  Stratford,  Chatham  and 
other  cities  in  Ontario  are  widening  and  rounding 
many  of  their  .street  intersections.  The  increasing 
radius  of  the  curves  enables  an  automobile  to  follow 
a  course  parallel  to  the  curb  and  keep  to  the  right  of 
the  roadway,  with  greater  convenience  and  safety. 

Essential  Considerations. — The  most  essential  con- 
siderations which  should  govern  the  location  of  the 
individual  road  or  a  complete  highway  system  may 
be  briefly  summarized  as  follows : 

1.  Adequate  drainage  must  be  secured  by  syste- 
matic planning  of  the  complete  road  system  and 
avoidance  where  possible  of  low  areas  and  objection- 
able soils. 

2.  The  grade  must  be  so  planned  that  a  minimum 
of  effort  will  be  required  to  go  from  one  end  of  the 
road  to  the  other  and  so  that  a  minimum  of  waste 
results  from  construction,  having  regard  to  ruling 
grades  on  the  particular  road  in  question. 

3.  The  road  while  not  monotonously  straight,  should 
be  as  direct  as  the  topography  and  limiting  grades  will 
permit. 

4.  Danger  points  should  be  avoided  at  any  cost. 
"Safety  first"  is  a  good  slogan  for  engineers  on  road 
location  to  adopt. 

5.  Roads  should  be  made  interesting  where  possi- 
ble. Picturesque  vistas  and  extensive  outlooks  are 
desirable  as  well  as  easy  gradients  and  a  smooth  sur- 
face. 

6.  Every  road  should  form  a  part  of  a  scheme,  which 
scheme  should  be  planned  in  advance  of  location  and 
construction  under  the  guidance  of  a  competent  engi- 
neer. 
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Road  Finishinj^  Machine  Produces 
Denser  Concrete 

A  concrete  road  finishitiK  nmihiiie  that  eliminates 
the  voids  in  concrete  and  permits  the  use  of  a  drier, 
coarser  mixture  than  could  he  worked  by  hand  is 
being  employed  by  Keeley  Bros..  Contractors,  East 
St.  Louis,  111.,  on  their  road  job  at  Belleville,  111. 

The  machine  moves  forward  under  its  own  power  at 
a  speed  of  about  7  ft.  per  minute  and  backs  up  at 
a  speed  of  28  ft.  per  minute.  As  the  machine  travels 
forward  the  strike-off  spreads  the  concrete  to  the 
necessary  height  and  proper  crown.  The  tamper,  lo- 
cated just  back  of  the  strike-off,  tamps  the  concrete 
the  first  time  over  with  a  long,  hard  stroke.  The  sec- 
ond time  over  a  short,  rapid,  up  and  down  movement 
is  used,  which  may  be  decreased  until  it  is  subject- 
ing the  concrete  to  continuous  agitation  without  ap- 
plying pressure  to  the  mixture.  The  stroke  of  the 
tamper  is  regulated  by  the  operator  and  may  be 
varied  for  different  consistencies  of  concrete  a.s  well 
as  for  different  stages  of  progress.  The  float,  lo- 
cated at  the  rear  of  the  machine,  produces  a  smooth 


Top  View:   Lakewood  Concrete   Road  Finisher  In  Service  on   Belle- 
ville   Road.     Lower   View:    Dry    Mix    Used    With    the    FInUher. 

finish  by  sweeping  a  belt  acro.ss  the  surface  at  a 
comparatively  slow  speed. 

By  subjecting  the  mixture  to  the  continuous  agi- 
tation caused  by  the  tamper,  the  concrete  is  com- 
pacted and  the  air  in  it  is  brought  to  the  surface. 
The  larger  stones  and  only  enough  mortar  to  cement 
them  are  brought  together.  Because  of  the  agitating 
action  of  the  tamper,  a  drier  mixture  can  be  used 
with  the  finisher  than  would  be  possible  where  the 
work  is  done  by  hand.  This,  of  course,  results  in  a 
stronger  concrete  and  produces  a  surface  free  from 
laitance,  silt  and  light  particles  which  float  to  the 
surface  of  a  wet  mixture. 

The  illustrations  show  the  finisher  in  use  on  the 
Scott  P'ield  road,  Belleville,  in  St.  Clair  County,  Illi- 
nois. This  concrete  road  will  be  fi  miles  long,  15 
ft.  wide,  6  in.  thick  on  the  sides  and  7';;  in.  thick  at 
the  center.    A  1:2:3'^  mix  is  being  used. 

The  device  was  designed  in  1913  by  Mr.  E.  G.  Carr. 


while  a  contractor  in  California,  and  has  been  used 
'■n  the  construction  of  about  400  miles  of  highways 
in  that  state.  With  the  assistance  of  the  staff  of  the 
Uikewood  Engineering  Co.,  Cleveland,  the  mechan- 
ical details  have  been  refined  and  the  machine  has 
been  placed  in  production  by  that  company. 

D.   O.   Thomas    is   County    Highway    Engineer   and 
Frank  Sheetz  is  Engineer  in  charge  of  the  work. 


Drop  liiU't  (ailvcrt  Reclaims  .\djacent 
Farm  Land 

A  type  of  drop  inlet  culvert,  used  by  Mr.  E.  B. 
Hiatt,  County  Engineer  of  Madison  County,  Iowa,  to 
care  for  the  fall  when  there  is  considerable  difference 


Ccver  Uf*ti 
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fmou  StcrioM  4B 

Section   of    Drop    Inlet   for   3   ft.    x   J   ft.    Reinforced    Concrete    Box 
Culvert. 

in  elevation  on  opposite  sides  of  the  roadway,  is  shown 
in  the  accrtmpanying  drawing. 

The  drop  inlet  and  culvert  are  constructed  of  rein- 
forced concrete.  The  top  of  the  inlet  is  brought  up 
to  a  point  about  4  ft.  below  the  road  grade  whenever 
such  con.struction  is  possible.  A  concrete  slab  sup- 
ported on  four  small  concrete  blocks  is  placed  over 
the  top  of  the  inlet  to  serve  as  a  cattle  guard  and  to 
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prevent  debris  accumulating  over  the  mouth  of  the 
inlet.  The  drop  inlet  is  of  rectangular  shape,  of  the 
same  area  as  the  culvert  barrel.  The  purpose  of  this 
type  of  inlet  is  to  collect  the  sediment  carried  by  the 
stream  and  deposit  it  around  the  inlet.  In  this  man- 
ner it  fills  up  the  adjacent  area  to  the  same  level  as 
the  top  of  the  inlet.  It  not  only  reclaims  the  adjacent 
farm  lands,  but  in  a  measure  protects  the  culvert  it- 
self against  erosion.  In  some  cases  the  barrel  of  the 
culvert  is  extended  beyond  the  right  of  way  and  the 
intake  placed  inside  the  farmer's  fence. 


Cost  of   Street   Flushing    and    Squeegee 
Work  at  St.  Paul 

street  flushing  in  the  business  district  of  St.  Paul, 
Minn.,  in  1917  cost  24.7  ct.  per  1,000  sq.  yd.,  accord- 
ing to  the  last  annual  report  of  M.  N.  Goss,  Commis- 
sioner of  Public  Works.  All  streets  in  a  portion  of 
the  business  district  are  flushed  every  night  during 
the  season.  This  district  has  7.12  miles  of  streets  or 
a  paved  area  of  146,400  sq.  yd.  Three  horse  drawn, 
Studebaker  flushers  were  used  for  this  night  work. 
The  crew  consisted  of  a  foreman,  three  teams  and  two 
gutter  cleaners;  they  worked  8  hours.  The  average 
cost  of  operating  one  flusher  on  this  night  service  was 
$12.07.  This  includes  payroll,  oil,  waste,  gasoline, 
water  and  repairs  to  equipment.  Six  flushers,  work- 
ing 9  hours  per  day,  were  operated  during  the  day 
shifts  on  streets  outside  the  business  district;  they 
work  9  hours.  The  squeegees  were  used  entirely  on 
smooth  pavements  such  as  asphalt  and  creosoted 
blocks.  The  entire  department  has  five  machines. 
The  cost  of  the  squeegee  service  in  fhe  business  dis- 
trict outside  of  the  "Night  District"  was  15.5  ct.  per 
1,000  sq.  yd.  scrubbed  once.  The  cost  of  this  service 
in  the  outlying  districts  was  27.7  ct.  per  1,000  sq.  yd. 
for  one  scrubbing.  This  higher  cost  in  the  latter  work 
was  due  to  the  necessity  of  having  the  squeegees  fol- 
lowed by  a  pick-up  wagon  to  clean  up  the  gutters.  In 
the  down-town  district  this  service  is  performed  by 
the  teams  hauling  street  sweepings. 

Paved  streets  in  the  residence  district  were  flushed 
or  scrubbed  at  least  once  a  week  and  oftener  when 
necessary. 


Cost  of   Street   Cleaning  at  St.  Paul   by 
Patrol  System 

During  the  season  of  1917,  58  miles  of  streets 
(1,347,051  sq.  yd.)  of  pavements  were  cleaned  by  the 
patrol  system  (.White  Wings).  The  other  paved  streets 
were  cared  for  by  the  ward  crews.  The  total  cost  of 
the  patrol  system,  according  to  the  last  annual  report 
of  M.  N.  Goss,  Commissioner  of  Public  Works,  was 
$70,178  or  an  average  cost  of  $52.09  per  1,000  sq.  yd. 
per  season.  The  above  figures  inclGde  the  cost  of 
shovelers  and  teams  hauling  away  the  street  sweep- 
ings. The  area  handled  by  one  man  was  from  3,200 
to  17,600  sq.  yd.  The  force  consisted  of  an  inspector 
at  $100  per  month,  an  assistant  inspector  at  $90  per 
month,  from  105  to  125  sweepers,  14  teams  at  66-?,  ct. 
per  hour  and  15  shovelers  at  25  ct.  per  hour.  The 
working  day  was  8  hours. 


Non-Slip  Paving  for  Bridge  Approaches 

steps  were  taken  last  year  by  the  Division  of 
Bridges  of  Chicago  to  develop  a  block  pavement  that 
would  afford  a  good  foothold  on  bridge  approaches. 
The  Lake  St.  bridge  was  selected  for  the  experiment. 
The  existing  block  paving  was  taken  up  and  relaid 
with  a  strip  between  each  row  of  blocks.  This  strip 
■was  1  in.  x  2V2  in.  and  was  toenailed  to  the  subplank 
of  the  span,  so  as  to  retain  the  blocks  when  the  bridge 
is  in  the  open  position.  Grout  was  placed  on  top  of 
the  strip  to  a  point  about  '  -  in.  from  the  top  of  the 
block.  This  gave  a  corrugated  pavement  and  the 
roughness  of  the  grout  surfaces  aided  considerably 
in  giving  a  foothold  for  the  traflSc.  The  pavement, 
according  to  the  last  annual  report  of  the  Depart- 
ment of  Public  Works  was  far  more  successful  than 
anything  tried  before. 


Truck  and  Tractor  Exhibit. — The  second  annual 
national  exposition  of  trucks,  tractors  and  accessories 
will  be  held  Sept.  14-21  at  the  Municipal  Pier,  Chi- 
cago, 111. 


Labor  Cost  of  Monolithic  Brick  Pavement 

Monolithic  brick  pavement  was  constructed  on  the 
Highline  Road  in  King  County,  Washington,  at  a  labor 
cost  of  about  23  ct.  per  square  yard.  The  paved  sec- 
tion was  20  ft.  wide.  The  concrete  base  was  a  1:3:6 
mix,  3  in.  thick  at  the  sides  and  5^2  in.  at  the  crown. 
The  blocks  for  part  of  the  work  were  vertical  fiber 
bricks,  4x8^2  in.  x  2^4  in.  deep;  for  the  remainder 
standard  paving  blocks  4x8^2  in.  x  SU'  in.  deep,  laid 
flat,  were  used.  The  average  labor  cost  for  91,500  sq. 
yd.  of  pavement  laid  between  June  and  October,  1916, 
was  as  follows: 

Per  sq.  yd. 

(.'onorete  base,   4^;-.  in.  thick , $0.0S6 

Sand-cement  cushion 018 

Laying   Ijrick 072 

Grouting    •'^33 

Sprinkling    ■ Odn 

Curb  forms    012 

Total     $0,226 

The  above  figures  include  the  cost  of  covering  the 
completed  pavement  with  1  to  2  in.  of  earth  and  re- 
moval of  same.  The  average  paving  crew  was  as 
follows: 

Per  day 


Per  day 

Brick   crew: 

Mixer  crew  1  Ijricklayer   $7.00 

1  batter-in     3.00 

1  liner    2.75 

6  carriers    2.75 

4  pilers     2.75 

Grout  crew   { S  laborers) ....   2.75 

Covering,      uncovering     and 
sprinkling    (2    men) 2.73 

Curb  forms: 

1  man   4.00 

1  helper    2.7.-i 

1  water  boy   1.50 

The  concrete  for  the  base  was  mixed  in  a  21  cu.  ft. 
Koehring  mixer  of  the  boom  and  bucket  type.  The 
1 :3  sand  cement  cushion  was  mixed  in  a  3-ft.  Little 
Wonder  mixer.  The  bricks  were  handled  by  laborers 
with  brick  clamps. 


superintendent     $6.00 

i.\er  crew: 

1   foreman   I . . . .  4.00 

1  mixer    engineer    5.00 

2  subgrade    men 2.75 

4  shovelers     2.75 

8  wheelbarrow    men 2.75 

2  cement  men   2.75 

2  concrete  spreaders    2.75 

1  concrete  rodder    2.75 

'ushion  crew   (5  men) 2.75 


Average  Costs  of  County  Roads    in   Iowa 

The  following  tabulation  from  the  Service  Bulletin 
of  the  Iowa  Highway  Commission  shows  the  mileage 
and  average  cost  per  mile  of  county  roads  constructed 
during  the  past  3  years. 


^~ 1915 -, 

, 1916 .. 

, 1' 

17 

Av.  cost 

Av.  cost 

Av.  cost 

Miles. 

per  mi. 

Miles 

per  ml. 

per  mi. 

Koads    constructed 

to    perm,    grade.     462.7 

$1,336.00 

625.2 

$1,251.13 

879.97 

$1,047.97 

to    temp,    grade.    355.9 

682.00 

lOS 

926. 9!i 

Roads    constructed 

to    nat.     grade.. 2. 358. 8 

125.00 

3.681 

139.53 

2,490.66 

154.42 

Roads     hard     sur- 
faced                    182.0 

14.927 

805.72 
24.901 

411.54 
5,724.00 

Roads  dragged  av. 

of    29    times 15,400.0 

24.04 
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Iowa  Methods  of  ConstructinjJ 
(ira\ol  Roads 

Gravel  is  the  most  widely  distributed  road  material 
in  Iowa,  and  as  a  consequence  many  miles  of  this  type 
of  hijrhway  have  been  built  in  the  state.  In  1917  alone 
over  -IOC  miles  of  Rravel  road  were  constructed  by  the 
various  counties.  The  methods  employed  in  K^avel 
road  construction  in  this  state  are  outlined  in  a  Serv- 
ice Bulletin  of  the  Iowa  Hi^,'hway  Commission,  from 
which  the  matter  following'  is  abstracted. 

Iowa  Standards  for  (Jravel  Roads.— The  Iowa  stand- 
ards provide  for  two  classes  of  Kravel  road  construc- 
tion: Cla.s.s  "A"  and  Class  "B."  Class  "A"  is  the 
more  expensive  type  of  gravel  road  to  build.  It  re- 
quires, in  a  general  way.  2.400  cu.  yd.  of  gravel  per 
mile,  the  thorough  packing  of  the  subjrrade.  and  de- 
positinj:  of  the  gravel  in  two  layers,  each  of  which  is 
thoroughly  worked  to  secure  even  distributicm  and 
then  packed,  either  by  rolling  or  trattic.  If  properly 
built  of  good  road  gravel,  it  undergoes  heavy  traffic 
without  humps,  and  wears  well.  If  the  money  is  avail- 
able, practically  all  road  builders  will  recommend  it  in 
preference  to  the  cheaper  type. 

Class  "B"  gravel  road  is  constructed  by  depositing 
the  gravel  upon  the  existing  earth  road  and  allowing 
it.  in  many  cases,  both  to  be  distributed  and  packed 
by  the  regular  traffic  on  the  road.  Between  this 
method  of  construction  and  the  best  grades  of  Class 
"A"  construction,  there  are  all  degrees  of  care  and 
lack  of  care  in  gravel  road  building. 

Upon  the  care  in  construction,  the  ultimate  satis- 
faction a  community  gets  from  a  gravel  road  will  de- 
pend almost  entirely.  No  type  of  road  shows  more 
beneficial  results  from  careful  attention  to  a  few  es- 
sential details  in  construction.  Xo  class  of  road  can 
give  much  more  exasperation  to  a  community  if  all 
attention  to  proper  methods  of  construction  is  neg- 
lected. 

Properly  Graded  and  Drained  Roadbed  Necessan- 
for  Foundation. — The  first  requisite  in  building  a 
gravel  surfaced  road  of  the  Class  "B."  or  any  other 
surfaced  road  type,  is  a  properly  graded  and  drained 
dirt  road  for  a  foundation  on  which  to  build.  The 
dirt  road  should  be  permanently  established,  with  all 
cuts  and  fills  made  and  the  roadbed  graded,  shaped 
and  slightly  crowned.  Before  gravel  is  placed,  the 
grade  should,  if  practicable,  be  packed  by  traffic  or 
weathering  through  two  or  more  seasons.  Seepy, 
springy  places  should  be  gotten  rid  of  by  drainage. 
Side  ditches  should  be  clean  and  ample.  Side  ditches 
themselves  should  drain.  It  is  not  enough  to  have 
the  road  surface  water  run  into  the  side  ditches  and 
remain  standing  in  pools  in  them  beside  the  road 
grade.  Water  standing  in  side  ditches  keeps  the  earth 
of  the  road  grade  wet  and  spongy.  Such  a  grade  or 
fill  cannot  produce  a  solid  foundation  for  gravel  or 
any  other  kind  of  surfacing.  Concrete,  monolithic 
brick  or  types  of  pavement  with  concrete  foundation 
can.  and  do  bridge  over  soft  places  in  the  subgrade 
and  support  traffic  to  a  certain  extent,  though  the 
tendency  in  even  the  highest  and  most  expensive  class 
of  pavement  is  toward  failure  over  any  weak  spot  in 
the  subgrade  or  foundation.  It  is  more  or  less  a 
waste  of  money  and  time,  or  at  least  a  gambling 
chance  to  attempt  to  build  a  road  surface  of  any  type 
over  a  foundation  that  is  not  firm  and  solid.  A  gravel 
surface  which  has  no  bridging  qualities  to  protect  it- 
self over  soft  places  must  have  a  solid  and  firm  foun- 
dation if  any  success  at  all  worth  the  time  and  expense 
is  secured. 


With  the  earth  road,  permanently  graded,  thor- 
"lUghly  drained,  packed  by  weathering  and  traffic.  th«! 
vital  problem  is  to  secure  good  gravel  with  enough 
clay  for  binder  and  get  it  properly  placed  on  the  road. 
The  location  of  good  gravel  for  the  purpose  is  the  first 
requisite.  In  counties  where  there  are  gravel  pjtii, 
persistent  searching  is  sometimes  necessary  before 
satisfactory  road  building  deposits  are  located.  Just 
as  much  care  should  be  exercised  in  the  purchase  of 
gravel  for  shipment  as  in  li.ciituig  a  satisfactory  home 
deposit. 

Hauling,  Spreading  and   I'acking  the  Gravel.— The 

majority  of  the  counties  use  the  ordinary  farm  wagon 
with  dump  boards  for  hauling  the  gravel.  Most  of 
the  loading  is  done  with  hand  shovels.  The  attention 
needed  to  make  a  good  gravel  road  begins  with  the 
loading  in  the  gravel  pit.  The  character  of  the  de- 
posit ordinarily  is  not  of  even  quality  throughout  the 
pit.  To  secure  good  results,  the  gravel  placed  on  the 
road  should  be  of  even  quality.  The  dumping  of  a 
load  of  gravel  with  considerable  fine  .sand  with  little 
binder,  adjoining  one  of  coarser  material  with  plenty 
of  good  binder,  is  sure  to  result  in  more  or  less  of  a 
wave  in  the  road  surface,  for  the  wear  will  be  un- 
equal. Better  results  will  be  obtained  if  that  portion 
of  the  deposit  with  the  fine  sand  for  instance,  is  all 
loaded  out  in  successive  loads  and  dumped  on  the 
road  together.  The  same  is  true  with  all  other  va- 
riations in  the  deposit. 

On  some  road  jobs  a  steam  roller  is  used  as  a  trac- 
tor for  pulling  an  ordinary  blade  grader,  the  first  half 
of  the  gravel  being  spread  on  the  first  trip  round. 
Following  the  first  spreading,  which  is  usually  ac- 
complished with  one  round  trip,  the  spring  tooth  har- 
row is  put  at  work.  The  harrow  continues  the  mix- 
ing process  and  makes  the  distribution  more  even. 
After  a  passage  or  two  of  the  harrow,  the  uneven 
places  where  the  ends  of  the  loads  butt  together  are 
almost  entirely  wiped  out.  It  is  impossible  except 
where  loads  of  different  quality  of  gravel  adjoin  to 
tell  where  one  leaves  off  and  the  next  begins.  This 
is  absolutely  essential  if  the  road  is  to  be  free  from 
humps  and  waves. 

After  the  harrow  has  finished  its  job  of  mixing, 
evening  and  distributing,  the  blade  grader  is  sent 
over  the  road  for  another  round  trip  and  the  road  is 
ready  for  traffic  to  begin  its  packing.  If  the  gravel  is 
moist,  the  packing  starts  at  once  and  in  a  few  days  a 
good  smooth  riding  surface  may  reasonably  be  ex- 
pected. The  dryer  the  gravel  and  clay,  the  slower  the 
packing  process.  Under  extremely  dry  conditions, 
there  sometimes  is  almost  no  packing  effect  noticed 
until  after  a  rain.  The  early  stages  of  the  road  re- 
(|uire  a  constant  watching.  As  soon  as  the  gravel 
shows  a  tendency  to  rut  up,  the  grader  should  make 
another  trip,  throwing  the  gravel  more  to  the  center 
and  smoothing  it  up  again.  This  should  be  repeated 
as  often  as  necessary.  The  number  of  times  it  will 
be  necessary  to  use  the  blade  grader,  depends  on  the 
quality  of  the  gravel,  the  amount  of  binder,  the 
amount  of  moisture  and  the  character  of  the  traffic 
the  road  must  undergo  during  the  packing  process. 

While  the  spring  tooth  harrow  is  often  used,  al- 
most equally  g<»od  results  can,  with  care,  be  obtained 
with  a  heavy  spike  tooth  harrow,  providing  the  teeth 
;ire  hmg  enc.iigh  and  the  harrow  heavy  enough  to 
penetrate  the  gravel  botly.  The  field  disk  does  good 
work,  thoroughly  kneading  and  working  the  gravel 
body,  but  the  disk  does  not  produce  the  same  even 
distribution  that  results  from  the  use  of  the  harrow. 
The  heavy  disk,  however,  is   far  better  than  a  light 
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harrow  which  slips  merely  over  the  top  surface  of 
the  ground  and  does  not  penetrate  entirely  through 
the  mass.  For  obvious  reasons,  the  spring  tooth  har- 
row produces  the  best  results. 

The  harrow,  especially  the  spring  tooth,  works  the 
small  stones  to  the  surface.  After  a  passage  or  two 
with  the  harrow,  practically  all  the  stones  are  brought 
to  the  surface.  The  stone  should  by  all  means,  be 
thrown  off  the  road.  They  should  not  be  buried  in  the 
gravel  body.  If  left  on  the  surface,  they  result  in  se- 
rious damage  to  car  tires  and  if  in  quantity  or  of 
large  size  are  a  positive  danger  on  the  highway.  On 
the  Ames-Des  Moines  road  school  boys  were  hired  to 
pick  the  stone  from  the  road  on  Saturday  vacation. 

If  buried  in  the  gravel  body,  they  produce  a  spot 
which  wears  unevenly.  If  many  stones  are  in  the 
road,  they  produce  a  very  rough  riding  surface  and 
one  that  is  e.\tremely  hard  on  tires. 

The  harrow  tends  somewhat  to  wipe  out  the  un- 
even quality  of  the  gravel  due  to  dumping  of  loads 
of  varying  qualities  of  gravel  adjoining  each  other. 

In  conclusion,  it  can  be  said  that  the  first  requisite 
in  building  a  successful  gravel  surfaced  road  of  the 
Class  "B"  type  is  a  well-graded,  slightly  flat  crowned 
earth  road  as  a  foundation  on  which  to  build. 

Second — Gravel  with  sufficient  clay  to  bind  the 
mass  together  and  cause  it  to  pack  under  traffic. 

Third — Dumping  of  gravel  of  even  quality,  together 
on  the  road. 

Fourth — Even  distribution  and  spreading  by  the 
blade  grader. 

Fifth^Disking  and  harrowing  to  cause  even  distri- 
bution and  to  work  stones  to  surface  for  removal. 

Sixth — Use  of  blade  grader  to  reshape  gravel  as 
often  as  necessary  while  packing  by  traffic  is  in 
progress. 

Seventh — Maintenance  with  drag  or  blade  grader 
when  surface  is  softened  following  the  summer  rains. 


Per  1,000  sq.  yd. 

Expense,   drivers  and   helpers $0,039 

Gasoline,   oil,    etc .017 

Auto   parts   and   repairs .021 

Total     $0,077 


Maximum  Road  Grades  and  Topography. 

According  to  the  best  current  practice,  the  maxi- 
mum grades  for  roads  that  are  of  sufficient  impor- 
tance to  warrant  a  highly  improved  surface  is  deter- 
mined in  great  measure  by  the  topography  of  the 
region  traversed.  The  usual  ranges  for  various  con- 
ditions of  topography  are  given  as  follows  by  Mr. 
Charles  H.  Moorefield,  Senior  Highway  Engineer,  U. 
S.  Office  of  Public  Roads,  in  a  bulletin  issued  recently 
by  the  U.  S.  Department  of  Agriculture: 

Per  cent. 

Coastal  plain   and   prairie    regions 2  to  3 

Average   rolling   country    4  to  6 

Hilly  or  mountainous  regions   .  . 6  to  8 


Auto  Flushing  at  Chicago  in   1917  Cost 
7.7  Ct.  per  1,000  Sq.  Yd. 

During  1917,  4,258,836,000  sq.  yd.  of  streets  of  Chi- 
cago were  cleaned  by  the  block  and  gang  system  at 
an  average  cost  of  31.4  ct.  per  1,000  sq.  yd.  In  the 
first  ward  (business  district  of  city)  8,719,134  sq.  yd. 
of  sidewalks  were  cleaned  by  flushing  at  a  cost  of 
9.9  ct.  per  1,000  sq.  yd.  For  this  work  2,499,000  gal.  or 
4,105  tanks  of  water  were  used.  Street  flushing  was 
carried  out  by  horse-drawn  flushers  and  auto  flush- 
ers.  By  the  first  method  32,123,310  sq.  yd.  of  street 
were  cleaned,  at  a  cost  of  16.3  ct.  per  1,000  sq.  yd. 
For  this  flushing  19,382,880  gal.  or  32,328  tanks  of 
water  was  used.  The  auto  flushers  cleaned  19,374,- 
496  lin.  ft.  of  streets— a  total  of  103,149,745  sq.  yd. 
The  unit  cost,  according  to  the  last  annual  report  of 
the  Department  of  Public  Works,  was  as  follows: 


Cost    of    Shaping   Up   and    Rolling    Old 
Macadam 

The  cost  of  dressing  up  12-ft.  wide  limestone  mac- 
adam roads  in  Putnam  County,  Indiana,  with  a  steam 
roller  having  a  scarifier  attachment  ranged  from 
$9.24  to  $5.35  per  mile  in  1916.  The  average  cost  for 
the  months  of  May,  June,  July  and  August  of  that 
year  was  about  $7.08  per  mile.  The  average  total  cost 
per  day  for  the  roller  for  this  period,  including  coal, 
was  $6.73.  The  cost  of  coal  per  day  was  $1.39.  The 
above  figures  are  based  on  the  following  costs : 

Coal     $3  per  ton 

Roller   operator    30  ct.    per  hour 

Helper    25  ct.    per   hour 

Teams   for   hauling   coal 35  ct.    per  hour 

The  average  number  of  days  operated  per  month 
was  24.6,  the  average  number  of  miles  covered  dur- 
ing this  time  being  23.5  or  about  0.95  mile  per  day. 
In  most  cases  the  roads  were  shaped  up  and  rolled  at 
the  cost  given  above. 


Personals 

Paul  .Starbird,  county  survejor  of  Huron  County.  Ohio,  has 
been  given  a  commission  in  the  Engineering  Department,  U.  S. 
Army. 

\Yeslev  Rowel],  for  the  past  2  years  city  engineer  of  Rens- 
selaer, X.  T..  has  accepted  a  position  Vi'ith  the  Government  tor 
engineering  coal  in  Virginia. 

Charles  E.  Grubb,  Wilmington,  Del.,  has  been  appointed  state 
highway  commissioner  for  Xew  Castle  County,  Delaware,  suc- 
ceeding the  late  James  Wilson. 

Charles  H.  Rust,  for  the  past  6  years  city  engineer  and  water 
commissioner  of  Victoria,  B.  C.,  will  engage  in  an  engineering 
and   contracting  practice,   with  offices  at   Toronto.    Ont. 

Harold  L.  Gillette,  assistant  engineer  in  the  Binghamton,  N. 
v.,  diviMion  offices  of  the  New  Torlv  State  Highway  Commission, 
has  I.een  commissioned  a  captain  of  engineers,  National  Army. 

Edward  R.  Mack,  park  engineer  of  Wilmington,  Del.,  has  been 
given  leave  of  absence  to  do  T.  M.  C.  A.  work  in  France,  and 
.\lexander  Dougherty,  his  assistant,  has  been  given  leave  of  ab- 
sence to  go  to  Camp  Dix. 

J.  Walter  Ketler,  for  the  past  10^4  years  chief  structural  en- 
gineer for  Wendnagel  cSt  Co.,  Chicago,  is  a  candidate  on  the 
Brundage-lIcCormici^  ticket  for  the  republican  nomination  for 
representative  in  the  General  Assembly  of  Illinois  from  the  Fifth 
.Senatorial   District,    Cliicago. 

The  t'ollowing  officers  were  elected  at  the  recent  convention 
of  the  Dixie  Overland  Highway  Commission:  Bert  K.  Smith,  of 
Fort  Worth,  Tex.,  president:  vice  presidents,  D.  H.  Dixon  of 
Georgia;  M.  M.  Cassidv  of  Forest,  Miss.;  Will  Mercer  of  Shreve- 
port.  La.:  Dr.  S.  M.  Johnson  of  Roswell,  N.  M.,  and  Ed.  Fletcher 
of  San  Diego,  Cal.  Leland  J.  Henderson  of  Columbus,  Ga.,  was 
re-elected  secretary  and  treasurer. 

Officers  for  the"  ensuing  year  were  elected  as  follows  by  the 
l.eaiue  of  Virginia  Municipalities:  Frank  Talbott,  Danville, 
)>iesi(ient;  Charles  M.  Brown,  Roanoke,  first  vice  president; 
I'rtorge  H.  Cottrell,  Staunton,  second  vice  president:  Edward  R. 
Fuller,  Richmond,  third  vice  president;  Royston  Jester.  Lynch- 
burg, fourth  vice  president:  D.  C.  Brinson,  Portsmouth,  secre- 
tary: R.  E.   Steed,  Norfolk,  assistant  secretary. 


Obituaries 

David  Morgan,  a  contractor  of  Iowa  City.  lo.wa,  died  suddenly 
last  week  at  Baltimore.  Md.,  where  he  was  engaged  in  ship- 
building. 

R.  E.  Todd,  a  civil  engineer  of  Madison,  Wis.,  died  last  week 
from  a  fractured  skull,   sustained  while  diving   in  shallow  water. 

Michael  Dulenty.  formerly  assistant  superintendent  of  the 
municipal  asphalt  repair  plant  of  New  Orleans.  La.,  died  .\ug.  17. 

Edward  Wilson,  a  road  contractor,  of  Nasliwauk,  Minn.,  was 
killed  in  accident  Aug.  21. 


Trade  Publications 


The  "Roll  Call  of  Rex  Mixers  in  Actual  Service."  is  the  title 
of  a  folder  issued  by  the  Chain  Belt  Co..  Milwaukee,  Wis.  It 
contains  an  incomplete  but  representative  register  of  those  who 
are  using  three  or  more  Rex  Mixers. 

The  Permanent  Highways  Corporation.  502  42nd  street.  New 
York  City,  has  published  recently  an  interesting  20-page  booklet 
describing  and  illustrating  National  Pavement.  The  publication 
contains  information  on  the  construction  of  this  pavement,  to- 
gether with  numerous  letters  from  engineers  where  National 
pavement  lias  been  laid.  Results  of  laboratory  tests  also  are 
given. 

The  Butler  Manufacturing  Co.,  Kansas  City,  Mo.,  has  issued 
a  6-page  foider  describing  and  illustrating  the  Furry  concrete 
bridge  and  culvert  form.  This  form  consists  of  separate  units 
and  is  adjustable  for  arched  or  rectangular  shaped  culverts  or 
bridges. 
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2()(),()00  Men  to  fee  Given  a  Col- 
legiate  Training   by   the 
Government 

The  Government  is  about  to  give  200,000  young 
men  a  college  training  at  its  own  expen.se.  Some 
300  colleges  will  thus  become  akin  to  West  Point, 
and  the  students  in  this  new  collegiate  division  will 
be  enlisted  privates,  who  will  receive  free  tuition, 
board  and  lodging  and  $30  monthly  salary.  High 
school  graduates,  18  to  21  years  old,  will  be  eligible, 
and  apparently  the  Government  plans  to  conscript 
nearly  all  the  eligibles  in  the  country  for  this  col- 
legiate division  of  the  army. 

This  radical  step  is  one  that  is  likely  to  have  a 
tremendous  effect  upon  the  engineering  profession, 
for  it  is  clear  that  practically  all  these  students  will 
be  given  a  considerable  amount  of  training  in  engi- 
neering. It  is  not  unlikely  that  hereafter,  instead 
of  one  West  Point  and  one  Annapolis,  we  shall  have 
a  hundred  or  more  colleges  in  which  young  men  will 
be  given  engineering  and  military  training  at  the 
expense  of  the  Government.  Consider  what  is  likely 
to  be  the  outcome  of  such  a  plan.  First,  it  will  prob- 
ably give  the  country  10  times  as  many  engineering 
graduates  annually  as  have  hitherto  been  turned  out. 
Second,  it  will  focus  the  eyes  of  the  entire  country 
upon  engineering  education  and  the  profession  of 
engineering. 

Engineers  who  look  upon  engineering  as  a  narrow 
profession  incapable  of  absorbing  many  more  men 
without  becoming  overcrowded,  will  be  apprehensive 
of  their  future.  But  engineers  who  believe  that  the 
demand  for  engineering  services  can  be  increased 
enormously,  will  have  no  fear.  They  will  welcome 
this  spectacular,  radical  departure  from  precedent, 
because  it  evidences  a  real  public  awakening  to  the 
worth  of  engineering.  Of  course  the  great  majority 
of  future  engineers  will  not  be  engaged  us  design- 
ers and  draftsmen,  hut  a.s  managers  of  industrial  and 
political  affairs.  For  scientific  managers  there  is  a 
field  without  limit.  But  coincidentally  with  the  en- 
try   of   many    engineers     into     managerial     positions 


there  will  occur  a  greatly  increased  demand  for  en- 
gineers as  designers  and  planners;  for  scientifically 
trained  managers  understand  the  power  of  applied 
science  and  seek  its  aid  from  every  source.  There 
are  about  10,000  chemists  and  chemical  engineers  in 
America,  and  one-tenth  of  this  entire  number  is  now- 
engaged  on  research  work  by  one  company — the  Du 
Pont  Co.  What  chemist  would  have  dreamed  of  such 
a  thing  four  years  ago? 

There  are  probably  not  more  than  100  engineers 
engaged  as  city  managers  and  mayors,  but  the  12,- 
000  municipalities  that  now  lack  scientific  manage- 
ment would  alone  absorb  all  the  civil  engineers  who 
have  graduated  in  the  past  12  years,  were  those 
municipalities  to  choose  trained  scientists  as  their 
executive  heads.  With  the  rapid  increase  in  the  use 
of  machinery  in  farming  and  the  adoption  of  scientific 
drainage,  irrigation,  fertilization,  etc.,  agriculture 
alone  will  absorb  engineers  by  the  tens  of  thousands 
annually,  once  there  comes  an  adequate  popular  un- 
derstanding of  the  benefits  derivable  from  applied 
science — engineering. 

Let  none  of  our  readers  worry  about  the  radical 
step  that  our  Government  is  about  to  take  in  higher. 
scientific  education.  But  let  us  all  unite  to  spread 
the  gospel  of  engineering  efficiency  in  every  realm 
of  human  activity. 


Small  Prospect  of  Rational  Water- 
power  Legislation 

Calvert  Townley,  one  of  the  iiu'iiiliiTs  of  the  En- 
gineering Council,  was  delegated  last  January  to  ap- 
pear before  the  Chamber  of  Commerce  of  the  United 
States  to  discuss  Federal  legislation  relating  to 
waterpower.  He  began  by  making  it  clear  that 
waterpower  plants  do  not  yield  the  enormous  profits 
supposed  to  l)e  secured  by  their  owners.  He  pointed 
out  that,  contrary  to  general  opinion,  the  cost  of 
power  by  steam  declined  steadily  during  the  10  years 
prior  tr)  the  war.  at  the  rate  of  2'.-  per  cent  per  an- 
num, in  spite  of  a  1  per  cent  average  annual  increase 
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in  the  price  of  coaL     The  largest  steam  turbine  to-  Why  Adjacent  WatCrWOrksShould 

day  has   12  times  the  capacity  of  the   largest  recip-  _                 '                      .                        i       »«■    • 

rocating  engine   15  years  ago,  and  the   first  cost  of  Lay  a  Connecting  Supply  Main 

such  a  steam-electric  plant  before  the  war  was  one-  Managers  and  designers  of  waterworks  plants  will 
third  as  much  per  horsepower  as  15  years  prior  ^ften  do  well  to  adopt  methods  introduced  by  elec- 
thereto  Moreover  the  power  generated  per  pound  trie  companies.  For  example,  the  hydro-electric 
of  coal  had  increased  50  per  cent  in  15  years.  companies  of  California  are  connecting  'their  trans- 
There  are  about  55,000,000  horsepower  of  unde-  mission  lines,  for  the  twofold  purpose  of  insuring 
veloped  waterpower  in  America,  and  6,500,000  of  de-  a  continuous  supply  of  current  in  case  of  accident 
veloped  waterpower.  In  1911  there  were  26,000,000  to  any  generating  plant,  and  of  reducing  the  peak 
horsepower  of  steam   engine   capacity,   including   lo-  loads. 

comotives.     Three-fourths  of  the  undeveloped  water-  There    are    many   villages    and    cities    so    close   to- 

power  IS  in   13  western   states.  gether    that    a    similar    connection    of    water    supply 

Congress    is    considering    a    new    waterpower    bill,  mains   would    be    similarly    beneficial.      This    is    par- 

but  it  is  questionable  whether  it  will  be  much  of  an  ticularly    desirable    where    a    city    secures    its    water 

improvement  over  the  present  law  which  has  brought  from  only  one   source,   for  then   in  case  of  an   acci- 

hydroelectric    development   almost  to   a   standstill    in  dent,  a  disastrous  fire  might  cost  the  citizens  many 

the  west.     Without   economic   training  and   unaccus-  times  the  entire  investment  in  their  water  works, 

tomed  to  seek  engineering  advice,  the  average   Con-  Sometimes  it  is  foolishly  argued  that  because  fire 

gressman   knows   as   much   about  rational   legislation  insurance  rates  would  not  be  reduced  even  were  two 

in  this  matter  as  "the  boy  who  shines  the  shoes  of  water   supplies    available,    it   is    not   economic    to   go 

the   man   in   the   moon."  to  the  expense  of  laying  a  connecting  line  of  pipe. 

Those  who  take  such  a   stand  have  evidently  never 

been  through  a  fire  that  has  destroyed  their  business. 

A    Paltry    $100,000    Appropriated  ^'P    insurance,    even    where    it    entirely    covers    the 

,          _,                          -                     J    T-»        1  value   of  the  buildings,   equipment   and  materials  or 

by  Congress  for  Land   ReClama-  goods,    does    not   cover   the    loss    of    profits    incurred 

tinn   ^iirvf»V«    ctnA  \Mh\r  ^^'^^  "^^  buildings  are  being  erected. 

mjii  OUi  vc^'a,  dUU    VV  liy  j^  ^j^^gg  ^.^^^^  ^^^^  j^  ig  unusually  difficult  to  get 

Franklin    K.    Lane,    Secretary   of   the    Interior,    re-  materials    and    equipment    for    buildings,    and    when 

cently    asked    Congress  to  appropriate  $2,000,000  for  the   war  has   brought   conservation   of   all    resources 

surveys   and   engineering  investigations   of   lands   by  to  the  fore,  it  is  almost  a  crime  not  to  connect  ad- 

the  Reclamation  Service.     Congress  has  appropriated  jacent  waterworks. 

one-tenth   what   was   asked,   which    is    one-twentieth  ■        

what  was  really  needed.    But  the  $100,000  will  at  least  t»                 t»                           .l     t**                     r^m 

serve  as  a  starter.     There  are  approximately  the  fol-  BonUS  Payments  tO  l^  iremen  Lliect 

lowing  acreages   of   land   that   may   be   reclaimed   in  JQ  Pgj-  Cent  SaVin^  in  Coal 

stump  land  230,000,000  Firemen  working  under  a  system  that  provides  a 

Permanent  swamp   53,000,000  bonus  for  efficiency  in  the  use  of  coal  are  apt  to  re- 

Periodicaiiy  ove^^owei  ".'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'. li'ooo'ooo  sort  to  deception  in  their  statements  as  to  the  weight 

Y'rlHi'"^f'^°-"'"Kl  -K--; ••■;-,i-V--;'-'-  •••••■■••  i'^2S'?22  of  coal    used.      Deception    of    this    sort    is     readilv 

And  land  irrigable  by  storage  of  flood  waters  20.000,000  ,              ,    ,          ,        ,  .          .,         ,    .,       ^      , 

stopped   by  checking  the   daily  fuel  consumption  re- 

'^°''''   330,000.000  ports  against  the  bills  for  fuel. 

The  "stump  land"  includes  inferior  timber  land.  in  the  most  scientifically  operated  steam  plants 
Since  a  great  part  of  this  land  is  hilly,  it  is  probable  daily  measurements  are  made  of  four  factors  that  in- 
that  less  than  half  of  it  will  ever  be  used  for  farm-  dicate  fuel  efficiency:  (1)  Flue  temperature,  (2)  per- 
ing.  Even  so  there  are  nearly  200,000,000  acres  of  centage  of  carbon  in  the  ash;  (3)  percentage  of 
land  that  can  be  reclaimed  and  used  for  agricultural  carbonic  acid  gas  in  the  flue  gasses,  and 
purposes.  Mr.  Lane  advocates  an  immediate  engi-  (4)  vs^ater  fed  to  the  boilers.  Based  on  such  meas- 
neering  study  of  this  land  with  a  view  to  beginning  urements  an  engineer  can  determine  very  accurately 
its  reclamation  as  soon  as  the  war  ends.  His  fore-  the  efficiency  of  the  firemen,  boiler  cleaners  and  fire 
sight  will  be  commended  by  every  engineer  who  has  cleaners  every  day  in  the  year.  Then  a  highly 
given  thought  to  land  reclamation.  It  is  a  pity  that  scientific  bonus  payment  system  can  be  applied.  But 
the  engineers  of  America  did  not  send  a  delegation  even  where  such  refinements  are  not  practicable  be- 
to  Congress  to  aid  in  securing  an  adequate  appropria-  cause  of  the  small  size  of  the  plant,  it  is  always  feasi- 
tion  for  the  preliminary  planning  of  this  great  work,  ble  to  use  some  sort  of  a  bonus  payment  plan.  Thus 
The  war  will  probably  end  before  the  close  of  in  pumping  water  a  recording  pressure  gage  and  a 
1919,  and  several  million  men  will  be  released  from  venturi  meter  can  be  used  to  calculate  the  foot- 
direct  and  indirect  war  service.  Without  question  pounds  of  useful  work  done  each  day.  Then  know- 
much  public  work  will  be  undertaken  to  give  em-  ing  the  weight  of  fuel  used  to  perform  this  useful 
ployment  to  these  men.  But  no  great  amount  of  work,  it  becomes  easy  to  pay  the  firemen  and  others 
public  work  can  be  started  until  surveys  and  engi-  a  bonus  based  on  some  assumed  standard  perform- 
neering  studies  have  been  made.    What  are  the  engi-  ance. 

neers  of  American  doing  to  make  this  fact  clear  to  In  the  power  plant  of  the  Manila    (P.  I.)   Electric 

Congress,  to   state   legislators   and  to   city   councils?  Ry.  &  Light  Co.  a  bonus  system  was  introduced  three 

Very  little,  indeed.     If  we  are  to  lead  the  public  let  years  ago,  and  there  has  been  effected  since  then  a 

us  show  our  capacity  for  leadership  now.     Let  there  reduction  of  25  per  cent  in  the  coal  per  kilowatt  hour, 

be    undertaken,    at    once,    systematic    propaganda    to  Half  this  reduction  is  credited  to  the  increased  efii- 

induce    legislative   bodies   to   order   surveys   and    en-  ciency  of  the  power  plant  men  and  half  to  improve- 

gineering  studies  of  projected  public  works.  ments   in  the   plant  itself. 
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Edward  N.  Trump,  at  the  last  annual  meeting  of 
the  Amerii-aii  Society  of  Mechanical  Kntfineers,  said 
that  fully  10  per  cent  of  the  coal  can  be  «aved  in  al- 
most any  steam  plant  by  the  application  of  the  bonus 
system.  In  plants  under  his  direction  daily  meas- 
urements are  made  of  carbon  in  the  ashes,  water  fed 
to  the  boilers,  and  carbonic  acid  in  the  Hue  gases, 
upon  which  to  base  estimates  of  the  erticiency  i.f  th<- 
power  house  employes. 


Illojjical  Methods  of  Determining 

the  Qualities  Essential  for 

Success  in  Engineering 

If  any  proof  were  needed  that  engineers  should 
study  logic  it  could  be  found  in  the  credulity  with 
which  so  many  engineers  read  articles  on  character 
study.  Among  the  most  widely  advertised  "experts" 
in  the  psychology  of  character  is  Dr.  Katherine  M. 
Blackford.  Listen  to  the  following  from  her  pen  on 
"Analyzing  Character." 

The  .vouni:  man  who  l.«  ambllloua  to  t-ntpr  upon  a  profession 
ouKht  to  study  hUnself  cart-rully  brfore  befrlnnlni;  his  preparation. 
He  ouk'ht  to  know,  not  teuess,  whether  he  Is  Qualified  for  the 
hlshfst  form  of  siicorss  in  his  chosen  vocation.  And  there  la  no 
reason  why  he  should  not  know. 

Kundanientally.  the  engineer  shoulil  be  medium  in  coloring. 
The  extreme  blonde  Is  too  rhangeabk-  and  usually  not  fond 
enouKh  of  detail  to  succeed  In  a  profession  which  reiiulres  so 
much  concentration  and  accuracy.  Practically  all  successful 
engineers  have  the  practical,  scientific  type  of  forehead.  By 
this  we  mean  the  forehead  which  Is  prominent  at  the  brows  and, 
while  hlKh.  slopes  bijckward  from  the  brows. 

I'Sually  those  succeed  best  In  enRlneering  who  are  medium 
in  texture.  The  tine-textured  Individual,  however.  If  he  Is  quall- 
tled  for  englneerlns.  will  take  up  some  of  the  liner,  higher  prades 
of  It  and  make  flne  and  delicate  material  or  machinery,  or  will 
•ngaKe  In  some  form  of  en^neering  which  requires  only  Intel- 
lectual work.  Practically  all  successful  engineers  are  of  the  bony 
and  muscular  type,  or  some  modincation  of  this  type.  This  Is 
the  type  which  naturally  take.*  Interest  In  construction.  In  ma- 
chlner)'.  and  In  material  and  In  material  accomplishment.  En- 
Kineering  practice  usually  rC'iuires  painstaking  accuracy  and  ex- 
actitude. Indeed,  this  Is  i>erhaps  more  than  any  other  one 
qualification  fundamental  for  success  In  engineering. 

This.  then.  In  the  com|K>slte  photograph  of  the  successful  pro- 
fessional man:  He  is  more  mental  than  physical;  more  scien- 
tific, philosophical,  humanitarian,  and  Idealistic  than  commer- 
cial: more  social  and  friendly  than  exclusive  and  reserved:  more 
ambitious  for  profe.nsional  high  standing  or  achievement  than  for 
wealth  and  power.  I'nless  the  aspirant  to  professional  honors 
has  some  or  all  of  these  iiuallflcatio.is  in  a  considerable  degree, 
he  would  better  turn  his  attention  to  some  other  vocation  where 
there  Is  i»ot  so  much  corn|H*tltion. 

We  are  reminded  by  this  talk  of  the  days  when  the 
phrenologist  was  abroad  in  the  land  and  the  palmist 
was  advertising  her  powers. 

Behold  Dr.  Katherine  deftly  twisting  phrenology 
and  palmistr>'  into  "practical  psychology"  and  "char- 
acter analysis."  All  she  needs  do  is  change  the  names 
of  those  circus  side-show  professions,  and  leaden  non- 
sense is  transmuted  into  golden  science. 

In  his  "Talks  to  Teachers  on  Psychology"  the  late 
Prof,  William  James  pointed  out  the  fallacy  of  at- 
tempting to  judge  the  mental  capacity  and  the  "na- 
tive aptitude"  of  students  by  application  of  a  few 
psychological  tests.  In  fact  he  questioned  the  ability 
of  anyone  to  judge  mental  erticiency  by  anything 
short  of  actual  performance  following  long  training. 
When  the  most  eminent  psychologist  that  America 
has  produced  expresses  opinions  of  this  sort,  we  may 
be  fairly  certain  that  the  hypothetical  deductions  of 
such  writers  as  Dr.  Blackford  are  untrustworthy.  Also 
note  particularly  that  such  hypothetical  deductions 
are  never  proved  by  careful  obser\ations  and  experi- 


mental tests.  For  example.  Dr.  Blackford  says:  "Prac- 
tically all  successful  engineers  arc  of  the  bony  and 
muscular  type,  or  some  modification  of  this  type." 
She  has  evidently  deduced  this  conclusion  from  the 
hypothetical  premise  that  strong  men  are  instinctive- 
ly interested  in  power  of  all  kinds.  She  makes  no  at- 
tempt to  investigate  the  physical  characteri.stics  of, 
say,  1,000  successful  engineers  and  contrast  them  with 
the  physical  characteristics  of  1,000  unsuccessful  en- 
>;ineers.  That  would  involve  a  laborious,  scientific 
.■^tudy  of  individual  instances  upon  which  to  base  an 
induction.  Instead,  she  adopts  the  ver>'  easy  process 
of  assuming  an  induction,  and  thence  deriving  a  de- 
duced inference,  namely,  that  practically  all  success- 
ful engineers  are  bony  and  muscular.  Doubtless  if  it 
were  shown  that  the  majority  of  engineers  are  neither 
unusually  bony  nor  muscular,  she  would  reply:  "I 
didn't  say  how  bony  or  how  muscular,  did  I?  Haven't 
they  all  got  bones  and  muscles?"  Such  are  the 
methods  of  hypothetical  reasoners  who  shun  experi- 
mental proofs.  They  do  not  even  define  their  prin- 
ciple terms  so  that  they  can  be  held  to  a  strict  ac- 
countability. Note,  for  example.  Dr.  Blackford's  term 
"medium  in  texture."  It  may  mean  anything  or  noth- 
ing, as  applied  to  a  human  being. 

In  his  excellent  little  monograph  on  "How  to 
Study,"  Prof.  Swain  urges  all  engineers  to  study 
logic.  Yet  in  the  great  library  of  the  four  largest  na- 
tional socities  of  engineers  there  was  not  a  single 
book  on  logic  when  the  editor  last  looked  at  its  list 
of  books.  The  "science  of  sciences"  sadly  needs 
study  by  scientific  men. 


"20,000    Positions    Held    by  Un- 
qualified   Politicians   Which 
Should  Be  Filled  by 
Engineers" 

In  an  interesting  folder  issued  by  the  American 
Association  of  Engineers,  among  the  questions  and 
answers  as  to  the  activities  of  the  association  is  the 
following: 

Que.stlon— Is  not  legislation  for  the  benefit  of  engineers  class 
legislation? 

Answei< — Class  legislation  Is  a  good  catch  phrase  but  a  poor 
argument.  Practically  all  legislation  benefits  one  class  or 
another.  Knglneers.  as  a  cla.*.".  have  l>een  so  long  neglected  In 
legislation  that  It  is  time  for  them  to  receive  Justice.  There  are 
:o.ono  positions  In  the  .«tnte  and  federal  governments  held  by 
iinitualltled  politicians  which  should  be  filled  by  engineers.  When 
ingliu-ers  do   till  them  great   benefit   will  accrue  to   the   iiubllc. 

This  is  excellent,  and  particular  emphasis  should 
be  i)laced  on  the  last  sentence.  There  is  an  inevitable 
tendency  to  suspect  the  motives  of  any  class  of 
men  who  seek  legislation  favorable  to  themselves. 
Hence  great  pains  should  be  taken  to  show  that  so- 
called  class  legislation  is  beneficial  to  the  entire  pub- 
lic. Thus  if  doctors  were  to  seek  legislation  to  pro- 
hiliit  lying  advertisements  of  patent  medicines,  there 
would  be  some  people  who  would  attribute  their  ac- 
tivity entirely  to  a  desire  to  create  a  greater  demand 
for  the  services  of  physicians.  To  overcome  such  a 
feeling  it  would  lie  necessary  to  prove  the  prevalent 
ill  effects  of  dosing  with  patent  medicines.  Once  that 
had  been  established,  the  public  would  pay  very  lit- 
tle attention  to  the  incidental  gain  to  physicians  as 
a  result  of  prohibiting  misleading  advertisements  of 
medicines. 

Similarly  engineers  should  show  to  the  public  the 
efficiency    of   scientific    management    and    of   applied 
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science  in  general.     Then  they  should  contrast  that  WinpH  and  FliincSpH  Tnint«iforT  f^iiH 

efficiency  with  the  prevalent  inefficiency  of  the  ordi-  **  ipCU  dllU  ridllgCU  J01IltJ»10r  L,edU 
nary  office  holder.     Having  aroused  the  public  to  an  PiOG  CoiineCtionS  ill  ServlceS 

appreciation     of     science     intelligently     applied     to  p^j.  ,^^^  ^^^.^  ^he  citv  of  Minneapolis  has  given 

public  affairs,  the  public  may  be  relied  upon  to  have  consideration  to  the  matter  of  service  leaks  that  oc- 

enough  common  sense  not  to  reject  the  services  of  en-  .^^  between  the  water  main  and  the  meter  of  the  con- 

gineers  nor  to  oppose  any  law  that  makes  it  compul-  3^^^^^.       ^he    loss    from    this    leakage    has    been    va- 

sory  to   employ   a   trained   engineer  where   scientific  piously   estimated   at   from    15,000,000    to    20,000,000 

knowledge  can  be  advantageously  applied.  ^^1    p^^  year.     A  study  was  made  by  the  Water  De- 

partment  to   discover  the  precise  nature  of  existing 
The  Oregon  Society  of  Engineers—  troubles      so   that   the   proper   remedy   could   be   ap- 
T         A  •  plied    on    future    installations.      The    results    of   this 
Its  Aims  study,  together  with  a  description  of  a  type  of  con- 
The   Oregon   Society   of   Engineers   includes   in    its  nection  superior  to  the  wiped  joint  were  outlined  by 
membership  all  branches  of  the  engineering  profes-  ^i"-   J-   A.  Jensen,   Supervisor  of  the  Water   Depart- 
sion.     It  is  among  the  most  progressive  of  engineer-  ment,  in  a  paper  presented  at  the  St.  Louis  conven- 
ing societies.     Therefore  the  following  statement  of  tion  of  the  American  Water  Works  Association.     An 
its  aims   should  be  particularly  interesting  and  sig-  abstract  of  the  paper  follows: 
nificant:  At  present  the  service  connections  are  made  up  of 

Its  aims  are  to   raise   the   standard   of  engineering  service   in  ^  corporation   COCk  at  the  main,   and  a  tail   piece  with 

both   public  and   private   work,   and   to   awaken   the  appreciation  wiped  joint  to  lead  pipe  leading  to  the  stop  COck  at  the 

of  the  public  for  engineers  as  executives,  economists  and  leaders,  curb  where  it  is  again  wiped  to  a  Soldering  nipple. 

a  profession  as  essential  in  peace  as  in  war.  -r\  it..  ■    j.  j.      j.i  x  1  •       1    •  •         • 

_,,  .     .  .         /  ^  .      ,      ,  ,      ,,  I'rom  this  point  to  the  meter,  galvanized  iron  pipe  is 

This  IS   a   concise   statement  of  what   should  now  ^^^^      ^11  of  the  wiped  joints  are  made  by  licensed 

be  the   leading   object  of  every   general   engineering  plumbers  who  install  all  services  under  city  inspec- 

society  in  America. ^j^^      ^  classification  of  service  leaks  was  made  and 

some  interesting  data  has  been  obtained  which  indi- 

Suggestions  for   Filing  Clippings  ^i*^  ^l^^''^^  t"?^  ''^"°"'  ^l"ff  °^  *'"°"'''^  encountered. 

""      -  T->         •  •  r-r-       o  The  classification  was  as  follows: 

from  Engineering  and  i   r> ,  »        ^     ^  .     percent 

"  ^  1.     Defective   curb   cock 6  1.0 

Cr^rft-fnr-i-irti^  -■     Iron  pipe,   corroded 302  47.0 

OUlldCling  3.     Lead  pipe,  corroded  or  burst 96  Ki.O 

m       iv       TTij-i  mi  i-  1         T.T        XT       1  •  4.     yviped    lead    joints 238  37.0 

To  the  Editor:     The  suggestions  by  Mr.   Hopkins  — .  • 

of  Rochester  in  your  issue  of  Aug.  14  as  to  the  make-  '^"^^  ^^^  ■"'*'" 

up  of  Engineering  and  Contracting  are  admirable.   To  In  considering  only  the  serious  leaks  in  this  table, 

then   I  would   add   another;   i.   e.,  that  the   left-hand  those  that  occur  in  iron  pipe  might  be  set  aside,  since 

pages    be    given    advertisements,    thus    pleasing   both  such  pipes  are  accessible  for  repairs  without  disturb- 

advertisers   and   subscribers   and  covering  his   point,  ing  walks  or  pavements  to  any  serious  extent.     The 

The    Dewey   decimal   classification    is   so   generally  portion  of  the  service  that  should  be  most  secure  and 

used  by  libraries,  engineers  and  others  that  printing  durable   is  the   lead  pipe   and  its   connections   which 

the  appropriate   Dewey  number  at  the  beginning  of  are  located  under  the  roadway  and  in  the  majority  of 

the  several  articles  would  be  well  worth  while.  cases — under  pavements.     The  street  leaks  may  then 

I  have  tried  filing  the  complete  journals  and  index-  be  separated  and  reclassified  as  follows: 

ing  on   cards  the  articles,   using  the   Dewey   system,  j     Defective  curb  cock 6       ^'^''j^^"' 

but  the   numbers   bulk   so   rapidly   that   the   plan    is   too  2.     Lead  pine,   corroded  or  burst 96  2S.0 

,         J  1-        J  I'  3      Wiped   lead  joints 23S  70.0 

burdensome.  ^  .         

Considerable  data  comes  in  the  form  of  letters  and  '''°'^'   ^'"'  ^'"^■" 

circulars  the  standard  size  for  which  is  8^2  by  11  in.  Apparent  Facts  in  Street  Leaks. — An  examination 

Using  paper  of  the  same  size  for  clippings  and  cross  of  these  street  leaks  shows  the  following  facts  to  be 

references  works  well  in  vertical  files  or  tied.  apparent: 

There  is  call  for  economy  in  paper.  The  sheets  The  curb  cocks  enumerated  were  found  to  be  de- 
for  clippings  can  be  had  from  the  grist  of  letters  and  fective.  They  were  all  old-style  cocks  which  have 
circulars  that  go  daily  into  the  waste  basket.  As  the  since  been  replaced  by  an  improved  type  by  the  use 
mail  is  opened  a  pencil  mark  across  the  face  of  the  of  which  a  minimum  amount  of  trouble  will  be  ex- 
discarded  sheets  sends  them  to  a  drawer  that  holds  perienced  in  the  future, 
the  clipping  backs.  The  table  shows  28  per  cent  of  street  leaks  to  be 

For  one,  I  would  be  glad  to  see  the  latest  Dewey  in  the  lead  pipe  itself.  About  one-sixth  of  these  were 
classification  of  water  works  engineering  subjects  due  to  bursts  by  swelling  of  the  pipe  from  repeated 
printed  in  your  columns  for  discussion  and  elabora-  water  hammer  caused  by  defective  faucets.  Inspec- 
tion.                                                    William  A.  Wilcox.  tion  of  these  showed  all  such  pipe  to  be  of  lighter 

Waterloo,  N.  Y.  weight  than  that  used  at  present.     One-fourth  of  lead 

pipe  troubles   were  found   under  car  tracks  and  the 

Cleveland   May  Purchase   Telephone   System. — The  pitting    and    corrosion    clearly    indicate    electrolysis. 

City  Council  is  considering  sut^nitting  to  the  voters  The    remaining    leaks     were     due    to     other    causes 

at  the  fall  election  a  $7,000,000  bond  issue  for  pur-  though  many  of  them  also  appear  to  be  from  the  ef- 

chasing  one  of  the  telephone  systems  now  operating  fects   of   electrolytic   action.     Since   heavy   lead   pipe 

in  that  city.  is   now   used   and   means   are   employed   to   eliminate 

electrolysis  these  troubles   are  already  reduced  to  a 

Newkirk,    Okla.,    has    adopted     the     City    Manager  minimum,  so  far  as  the  future  is  concerned,  and  jus- 
Plan  and  the  election  for  Commissioners  will  be  held  tification  found  for  the  continued  use  of  lead  pipe. 
Sept    28.  Trouble     E.xperienced     with     Wiped     Joines. — The 
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wiped    joint    leaks    made    up    70    per    cent    of    the  t,."'  .'"'.'''■'■•  '*'^  "'i"^'  '"'"'"'                                                   «o 

street  leaks  and  troubles.    These  leal^  are  due  chiefly  JZZ 

to   inferior   workmanship.      In    most   cases   there   has  s-m""ii'.ii?k'^'                                                                         " '* 

been    failure   to   secure   proper   bondinK   '"   th^   joint.  *•■'"     ''                      -    ■•"^'   >•«>>                                             :!  u 

A    number   were    "lop-sided";    others    barely   covered         '""  "  '    """^ J2. 

the    end  of  the  tail   piece  and   in    several  cases   the  TmLli  ..intii linj 

solder  had  run  inside  and  partially  closed  the  water  This  shows  a  balance  of  $0.30  on  each  8er\'ice  in 

opening.     One  joint   had   an   openiiiK   left   no   longer  favor  of  the  flanged  joints  which  can  be  considered 

than  a  pencil  and  after  a  remarkable  record  of  pa-  ««  "  margin  for  fluctuation  in  cost  of  materials  and 

tience  covering  a  period  of  24  years,  the  owner  had  labor. 

the  service  dug  up  and  the  trouble  was  discovered  Longer  Life  of  Service  Connertioiui  with  Flanged 
and  corrected.  Many  of  the  these  joints  stood  up  for  Joint. —  In  considering  the  data  given,  the  use  of  lead 
many  years,  but  finally  gave  way  prematurely.  flange  joints  promises  longer  life  to  service  connec- 
Several  years  ago  lead  pipe  was  used  extensively  in  ^'°"*'  '♦•"'  *  whole,  and  a  consequent  reduction  of  leak- 
all  plumbing  appliances  and  fittings  made  of  other  "K^  troubles  and  e.xpense  to  both  the  city  and  prop- 
materials  than  lead  so  that  the  art  of  wiping  lead  ^''^>'  •'«ne'".  The  .street  service  department  of  Min- 
joints  has  passed  into  the  hands  of  pipe  fitters  rather  "<?»P<''>-*  has  used  lead  flange  couplings  of  difl'erent 
than  the  plumbers  of  former  davs.  In  manv  shops  the  '-^P^^  ^"''  repair  work  for  .several  years  and  they  have 
wipetl,  joints  on  service  pipes  form  the  onlv  work  of  ^^^"  satisfactory  and  successful  in  every  way.  They 
this  nature  that  is  encountered  and  it  must  be  un-  ^^^'^  ""^  ""'j'  Proven  more  convenient  than  the  wiped 
dertaken  as  a  special  task.  The  work  is  attempted  J*^'"*  ^"''  ^^^  department,  but  their  use  has  also  re- 
by  unqualified  and  incompetent  persons  not  familiar  ""'te*'  "i  the  saving  of  time  and  money  in  every  ca.se. 
with,  nor  skilled  in  the  art.     The  result  is  that  pres-                                   — — 

ent-day  wiped  joints,  under  these  conditions,  do  not  Electric  Companies  Effect  Economics  by 

measure   up   to   the   standard    of    former  times,   and  ,    *^  ^             »-.*.^».i.    ^vv>iiuiiii«.s    u^ 

more  trouble  may  be  expected  in  the  future  than   in  Delivering  Bills  in  Person 

the  past   if  such  joints  continue  to  be   installed.  The    Indiana    Railways    &     Light    Co..    by    having 

.\    Mechanical    Connection   Superior   to   the   Wiped  '*="  metermen  deliver  electric  light   bills,  is  saving  ap- 

Joint.-EfTorts    to   secure    protection     against    joints  Proximately  $1000  per  year.    Before  the  war  the  com- 

u                 1.  J       *i.     J       1             i    r                  ^        ..u   ^  pany  was  mailing  its  bills  at  a  cost  of  $11  oer  1  000 

have  resulted  in  the  development  of  a  connection  that  ^hi-s    includes   postal   cards   and    printing      It    is   to 

IS  superior  to  the  wiped  joint.     This  joint   is  a  me-  day  delivering  in  person  at  a  co.<;t  of  $10.60  per  1.000. 

chanical   connection   in   the   form   of    a    coupling   in  including   paper   stock,   printing   and    labor.      Had    it 

which  the  lead  pipe  is  shaped  to  form  its  own  gasket,  continued  to  send  the  statements  out  bv  mail  the  cost 

The   lead   flange   should   undergo    slight    reaming  to  would  be  $21  per  1,000.     The  labor  item  figures  0.74 

make   true    parallel    surface   for  close   contact.     The  ct.  per  statement  deli%ered. 

couplings  should  have  plane  faces,  at  least  in  part.  Further  information  regarding  the  practice  of  In- 
to insure  a  good  joint,  and  must  not  be  permitted  to  diana  electric  light  companies  is  given  in  the  Elec- 
cut  the  lead  flange.  The  coupling  should  have  a  trical  World  by  Mr.  O.  M.  Barker.  Questionnaires  were 
sleeve  to  cover  a  short  portion  of  the  lead  pipe  close  forwarded  to  43  leading  member  companies  of  the  In- 
up  to  the  flange  to  prevent  any  movement  or  deforma-  diana  Electric  Light  Association,  representing  56 
tion  of  the  lead  to  the  joint.  The  shaping  of  the  lead  different  properties.  Twenty-eight  replies,  repre- 
flange  may  be  conical  or  at  right  angles  to  the  axis  senting  39  properties,  were  received.  The  first  ques- 
of  the  pipe.  There  are  several  types  of  this  joint  on  tion  was,  "Do  you  deliver  by  mail,  in  person,  or  are 
the  market,  all  having  desirable  features  of  design,  bills  held  at  oflice?"  There  were  34  replies,  divided 
but  the  principle  is  similar  in  all  cases.  The  coupling  as  follows:  By  person.  15;  by  mail,  8;  bills  held  at 
is  made  a  part  of  the  corporation  or  curb  cock  and  office,  11.  One  reported  that  bills  were  made  out  and 
is  of  composition  metal.  The  joint  develops  the  left  by  readers.  Question  number  two  asked  for  the 
fullest  strength  of  the  lead  pipe  and  is  equally  as  cost  per  statement  delivered  by  person.  There  were 
strong  as  the  best  wiped  joint  and  superior  to  it  in  12  answers.  The  average  was  0.89  ct.  each.  Question 
results  because  it  can  eliminate  defective  workman-  number  three  asked,  "Do  you  have  many  complaints 
ship.  Tests  made  in  the  presence  of  water  works  from  customers  where  bills  are  delivered  in  person?" 
men  have  demonstrated  conclusively  that  rupturing  All  answered,  "A  few."  In  seven  cases  the  meter 
.stresses  applied  as  internal  pressures  and  tension  on  readers  did  the  delivering,  in  two  cases  oflice  clerks, 
lead  pipe  secured  at  both  ends  by  flanged  curb  cocks,  in  two  cases  young  boys,  and  in  one  case  an  office 
have  failed  to  break  the  joint  or  injure  the  coupling,  girl.  It  is  of  interest  to  note  that  where  boys  were 
In  all  cases  the  lead  pipe  burst  or  parted.  used   the  cost   per  statement   averaged   only   0.49  ct. 

Comparative  Cost  of  Wiped  and   Flanged  Joint.s.^  each. 

The   initial   cost    of    the    material     for    this  joint     is  .                                           '     ', 

slightlv  greater  than   for  the  wiped  joint,  but   when  /'"*',"'     ^''''*'''    '">••«''»•'«'»    «<    Chicago.-During 

the  necessarv  labor  is  added,  this  cost  is  more  than  ^'"^  ^''/r,'^i'!*'M'.''''r''  "!"!?"  •^''■'■■"""   "^  '*^<^   Depart- 

off.set.    The  cost  to  the  propertv  owner  ought  at  least  ""^"^  "<^  ^"''''':  )^  "'"•'^  "^  Chicago  installed  2.198  new 

to  be  practicallv  the  same.     An   intelligent  man  can  ^^^'^r''-  ''f  ^^h"l>'  2.104  were  city  owned  and  94  pri- 

make  a  flange  coupling  joint  with  simple  tools  and  a  vate    meters.      The    average    cost    of    in.stallation    for 

pair  of  wrenches    in   a   very   short   time,   and   on   the  ^^'^   f'"'"''^''  ^•"•''  ""   fallows: 

ground    where    re<iuired.      The    comparative    cost    of  .\v.Tnk-.>  ■•••»i  of  i„..i,i-.                                                      'lirso* 

the  wiped  joints  and  flange  couplings  in  an  ordinary  ?.'aUir'".'. . . . . . . . . . . . .                                                             3«7 

service,  at   recent   prices  and   labor  costs,   is   as   fol-  _     .                                                                          — '■ — 

,  Totiil    IJ7.M 

lows  '  Wm'-^tv 

H-.n.  '^ipo.!  jo.nt  corpom.ion  ch-w                         Ii.or.  0^  ^^e  2  198  meters.  100  were  ^i  in..  l.OSS  1  in..  602 

\-in.  wiped  juini  curb  cock 2.40  1'-.  m.  and  342  2  in. 
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The  Development  of  Water  Sup- 
plies for  Rural  Communities 
in  Saskatchewan* 

By  E.  L.  MILES, 

Inspecting  Engineer,  Irrigation  Brancli  Department  of 
Interior,   Canada. 

Generally  speaking,  small  towns  and  villages  are 
in  a  primitive  state  as  regards  their  water  supplies. 
In  some  cases  water  is  hauled  from  neighboring 
springs  and  sold  to  the  residents  in  pails  or  by  the 
barrel.     This,  however,   is   due  to  the  lack  of  funds 


Pu/^t^ 


Fig.    1 — General    Layout   for    Devetopment   of   Community   Springs. 

which  might  better  the  conditions.  In  other  cases 
the  town  pump  is  in  evidence  at  the  principal  street 
corner.     The  larger  towns  have  their  own  systems. 

Supply  from  Springs. — The  spring  is,  of  course, 
the  most  sought  after  source  of  water  supply  in  the 
dry  districts.  The  development  of  springs  depends 
largely  upon  conditions,  but  for  rural  communities 
the  general  rules  are  as  follows:  first,  to  .establish  a 
graded  road  to  and  from  the  site,  next  to  construct 
a  box  to  which  a  pumping  appliance  can  be  in- 
stalled, and  next,  the  excavation  of  a  reservoir  for 
the  use  of  stock.  Figure  1  shows  the  general  layout 
for  development  of  community  springs. 

Reservoirs. — This  is,  indeed,  the  most  interesting 
type  of  water  supply  development  from  an  engineer- 
ing standpoint,  inasmuch  as  the  construction  of  the 
dam  requires  considerable  engineering  judgment, 
especially  in  view  of  the  fact  that  stone  and  concrete 
are  not  always  available  in  these  dry  districts.  The 
best  and  most  efficient  reservoirs  which  have  come 
under  my  observation  is  the  combined  reservoir  and 
dugout  in  narrow  coulees,  say,  up  to  a  depth  of  about 
50  ft.,  where  the  supply  is  more  readily  replenished 
from  the  larger  drainage  basin  or  watershed  and  the 
reservoir  is  protected  from  hot  winds,  etc.  They  are 
less  susceptible  to  flooding,  and  depth  of  water  is 
obtained  by  means  of  a  dugout.  The  dam  is  usually 
low,  and  the  spillway  problem  is  therefore  more  read- 
ily solved.  The  spillway  capacity  is  invariably  under 
estimated;  that  is,  they  are  built  for  normal  condi- 
tions rather  than  extreme  flood  conditions.  The  ex- 
treme floods  occur  about  once  every  seven  years  and 
when  they  do  occur,  it  is  common  to  find  about  75 
per  cent  of  the  dams  washed  out.     I  am  a  strong  ad- 

•.Vbstract  of  a  paper  presented  Aup.  8  at  the  Second  General 
Professional  Meeting  of  the  Engineering  Institute  of  Canada. 


vocate  of  placing  the  spillway'  always  at  the  side  of 
the  dam  in  the»  natural  ground,  rather  than  in  the 
center,  even  though  the  spillway  be  constructed  on 
piles,  as  I  sometimes  find  them. 

Community  dams  are  usually  built  on  road  allow- 
ances, the  top  being  used  as  roadways.  This  has 
been  disputed  as  "good  practice,"  but  I  am  person- 
ally in  favor  of  it,  especially  on  account  of  having 
the  water  convenient  to  the  highway,  and  the  fact 
that  the  work  is  not  duplicated.  The  inconvenience 
to  travel  by  reason  of  washouts  occurs  in  any  case, 
and  we  are  living  in  hopes  that  the  day  will  soon 
come  when  these  yearly  washouts  will  be  stopped  by 
better  engineering  construction,  even  though  it 
means  greater  initial  cost  in  the  first  place. 

A  brief  form  of  instructions  for  the  construction 
of  a  dam  aside  from  the  general  specifications  as 
to  dimensions  and  slopes,  might  be  cited  as  follows : 

Instructions  for  Construction  of  Dams. — On  com- 
mencing the  construction  of  a  dam  it  is  important 
that  the  site  be  entirely  stripped  of  all  sod  and  vege- 
table matter,  and  that  same  be  removed  to  a  conve- 
nient point,  to  be  used  after  to  sod  down  the  top  and 
lower  slope,  on  completion  of  the  work.  The  ground 
thus  stripped  should  have  furrows  ploughed  every 
4  or  5  ft.,  at  right  angles  to  the  coulee,  in  order  to 
give  a  rough  surface  to  the  ground  to  resist  seepage. 
The  puddled  wall  trench  should  then  be  dug  to  a 
depth  well  below  the  top  soil  or  loam,  into  an  im- 
pervious strata  and  the  trench  re-backfilled  with  a 
selected  clay,  and  well  puddled  with  water.  When 
this  trench  is  filled  the  main  portion  of  the  dam 
should  be  commenced,  and  the  material  used  should 
be  a  suitable  clay,  free  of  vegetable  matter  and 
stones.  The  borrow  pits  which  should  be  located  on 
each  side  of  the  dam  on  the  upper  side,  should  there- 


Fig.    2 — General     Layout    for    Community     Reservoirs    in    Coulees. 

fore  be  stripped  of  both  sod  and  top  soil.  The  ma- 
terial should  be  spread  in  thin  layers,  and  well  con- 
solidated by  tramping,  but  special  runways  should 
be  avoided.  It  also  is  important  that  the  sides  be 
carried  up  considerabl.y  faster  than  the  center,  and 
that  the  center  immediately  over  the  puddle  wall  be 
continued  up  into  the  embankment  for  at  least  3'  2  ft. 
On  completion   of  the   earthwork,   cobblestone   rip- 
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rap  should  be  placed  on  the  entire  upper  slope  to 
assi.st  the  clay  to  niaiiituin  itn  slope,  as  well  as  to 
prevent  wave  wash  from  wind.  If  cobblestones  are 
not  available,  lumber  is  sometmies  used  for  this  pur- 
pose, in  the  form  of  an  ordinary  board  fence  con- 
structed on  the  slope.  Shrubs  are  often  planted 
from  the  water  line  to  the  top  on  the  upper  and  on 
the  entire  lower  slope.  The  balance  of  the  earth- 
work should  then  be  seeded  down,  after  the  available 
sods  from  stripping  have  been  placed. 

The  spillway  must  take  care  of  the  entire  runoff 
after  the  dam  has  been  filled,  and  in  no  case  is  any 
water  to  be  permitted  to  jjo  over  the  top  of  the  dam. 
If  the  owner  can  afford  this  expense,  the  spillway 
should  be  paved  with  concrete  or  hand-placed  rip- 
rap for  a  distance  of  about  20  ft.  on  each  side  of  the 
center  line  of  the  dam,  and  the  paved  portion  should 
be  level  so  that  the  current  in  it  will  be  reduced  as 
much  as  possible.  After  leaving  this  portion,  care 
should  be  taken  to  ditch  the  water  away  from  the 
embankment,  and  the  ditch  should  be  well  riprapped 
to  prevent  erosion. 

After  completion,  the  embankment  should  be  in- 
spected  from   time  to  time  and  any   defects,  such  as 


A.... 


9\.f<rK 


<     ._. 


FIQ.    3 — General    Layout    for    Community    Dugouts    on    Flat    Open 


settlements,  rain  wash,  wear  from  stock  tramping, 
or  damage  from  burrowing  animals,  should  be  re- 
paired. 

Special  attention  should  be  paid  to  the  spillway 
after  the  spring  run-off  to  see  that  the  rip-rapping 
is  not  undermined  or  washed  out. 

Reservoirs  of  the  type  outlined  above  with  the 
spillways  at  or  above  the  high  water  line  are  of 
course  difficult  to  clean,  but  they  are  built  nowadays 
in  this  manner  as  a  matter  of  economy.  Sluice  pipes 
equipped  with  valves,  or  concrete  spillways  equipped 
with  stop  logs  or  gates  would,  of  course,  make  them 
more  complete. 

In  some  private  .scheme  I  have  found  some  very 
unique  forms  of  construction,  especially  where  peo- 
ple from  foreign  lands  have  constructed  the  dams. 
One  form  is  to  build  a  rustic  fence  of  poles,  inter- 
laced in  a  strong  manner,  and  then  covered  with  the 
earthwork,  having  the  fence  sticking  up  through  the 
upper  slope  at  the  high  water  line.  Sometimes  this 
fence  is  seen  on  the  lower  slope,  and  where  this  type 


is  used  the  dams  are  usually  intact,  while  others 
nearby  have  been  washed  out  of  existence.  Figure  2 
shows  a  general   layout  for  community  reservoirs  in 

coulees. 

Dugout  Type  of  ReHer\-oir. — The  most  peculiar 
form  of  reservoir  is  the  dugout  located  on  the  flat 
open  prairie  in  heavy  gumbo  soil.  These  dugouts  are 
generally  about  200  ft.  long  by  50  ft.  wide  and  from 
10  to  15  ft.  deep,  with  sloping  sides,  holding  about 
700,000  gal.  of  water.  They  are  equipped  with  pump- 
ing appliances  for  the  taking  of  water,  and  fenced 
with  high  board  fences  to  protect  them  from  pollu- 
tion. They  are  rather  popular,  as  the  water  does  not 
deteriorate  very  rapidly,  on  account  of  the  depth  and 
the  minimum  surface  area.  Plant  life  is  also  kept 
down,  itnd  the  cost  of  construction  and  maintenance 
is  comparatively  low.  Dugouts  are  sometimes  located 
in  dry  slough  beds,  on  account  of  the  imper\'ious  soil 
and  because  of  the  natural  location  for  replenish- 
ment. But  this  is  not  a  desirable  location,  because 
of  the  quality  of  water  in  them.  It  is  usually  high 
in  color  from  decayed  vegetation,  and  therefore  more 
infested  with  insects. 

A  dugout  of  this  kind  will  serve  an  area  of  about 
9  square  miles,  based  on  the  following  estimate.  The 
average  farm  in  the  grain  district  is  about  '  :.•  sec- 
tion or  320  acres  of  land,  each  farmer  supporting 
about  6  persons,  10  horses,  10  cows,  and  10  hogs, 
which  will  consume  about  600  gal.  of  water  per  diem, 
or  a  little  less.  So  that  the  estimated  water  supply 
for  each  township  would  be  about  4.3,000  gal.  per 
day,  at  all  times,  or  about  72,000  gal.  per  day  in  the 
threshing  season,  considering  that  only  about  one- 
quarter  of  the  farmers  of  the  township  are  actually 
threshing  at  the  same  time.  The  standard  dugout  of 
about  700,000  gal.  capacity,  with  four  to  each  town- 
ship, in  addition  to  the  usual  private  means  of  water 
supply,  will  give  a  full  40  days'  supply,  which  is  gen- 
erally the  length  of  the  brisk  threshing  season  for 
which  these  40  days  are  considered. 

Figure  3  shows  the  general  layout  for  community 
dugouts  on.  flat  open  praire. 


Sand 


Cost  of  Sinking  Test-Pit  Through 
and  Water 

During  the  construction  of  a  very  deep  sewer  a 
test-pit  was  sunk  by  hand  to  the  invert,  in  order  to 
determine  the  character  of  the  ground.  The  hole  was 
24  ft.  deep  and  8  ft.  square.  The  top  3  ft.  consisted 
of  coarse  sand  and  the  balance  of  the  hole  of  sand 
surcharged  with  water  which  increased  in  quantity, 
until  near  the  bottom,  the  soil  resembled  quick-sand 
although  not  as  diflicult  to  handle. 

The  top  12  ft.  were  braced  with  the  usual  close 
lagging  and  cross  bracing,  and  the  bottom  12  ft.  were 
close  sheeted.  The  earth  was  lifted  in  a  bucket  op- 
erated by  a  windless.  The  workmen  digging  also 
looked  after  the  timbering,  assisted  by  the  men  op- 
erating the  windlass.  An  Kdson  hand  pump  was  kept 
in  operation  night  and  day.  The  labor  costs  could  not 
be  separated,  but  the  total  came  to  296  hours,  ex- 
clusive of  back-fill  and  the  removal  of  some  timber, 
which  took  an  additional  66  hours.  The  work  was 
done  with  good  Italian  labor. 

The  total  cost  of  labor  follows: 

RxcKVatlon.  Ilmbcrln*.  pumplnB,  vtc.  2M  hra.  at  to  ci lilt.** 

Back-nil  iiiid  iHillinn  Noniv  of  (hr  lop  tlmb<>r.  <S«  lira.  *!  40  cl.     M.IO 


I'nm    per  ruMr   yanl  of  oxcavKtIon 
Coat  |M<r  rubU'  yard  of  back -nil  . 
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Leakage  from  High  Pressure  Mains 

and  Its  Variation  with  the 

Pressure 

For  many  years  waterworks  officials  have  discussed 
leakage  from  distribution  systems  and  the  effect  of 
changes  in  pressure  without  being  able  to  come  to 
definite  conclusions,  due  to  the  fact  that,  except  that 
for  single  supply  lines  laid  generally  under  most  fa- 
vorable conditions,  after  the  main  has  been  placed  in 
service  it  has  been  impossible  to  separate  leakage 
from  consumption.  Interesting  data  on  this  subject, 
obtained  from  tests  of  the  high  pressure  fire  system 
of  Manhattan  Borough,  New  York  City,  are  given  by 
Mr.  Henry  B.  Machen,  in  the  Journal  of  the  American 
Waterworks  Association,  from  which  the  matter  fol- 
lowing is  abstracted : 

The  high  pressure  fire  system  in  the  Borough  of 
Manhattan,  New  York  City,  due  to  the  fact  that  New 
York  has  not  permitted  any  private  connection  to  its 
fire  mains,  gives  an  opportunity  to  make  tests  on  a 
distribution  system  of  128  miles  of  mains,  2,728 
hydrants  and  over  4,748  valves  covering  an  area  of 
3,675  acres.  The  system  has  received  during  its  10 
years'  life  most  trying  tests.  Each  year  it  has  had 
the  pressure  raised  from,  say,  35  lb.  to  from  125  to 
250  lb.,  an  average  of  over  2,000  times  a  year,  due  to 
fire  alarms  within  the  district,  and  for  each  period  of 
12  hours  in  duration  which  no  fire  alarm  has  sounded 
the  pressure  has  been  raised  for  one-half  hour  to  200 
lb.  for  testing  out.  It  is  hard  to  believe  that  any 
other  _  water  system  in  the  world  has  gone  through 
similar  service  conditions.  The  system  includes  the 
following  pieces: 

Xumbei".  Per  cent. 

Pipe,  full  lengths.  8  in.  to  24  in 44,134  54.4 

Bends     arnd     offsets 10,834  13.3 

3-ways,    4-ways    4.279  5.3 

Short    pieces    21.950  27.0 

Total      81,197  100.0 

The  mains  were  all  laid  in  the  lower  portion  of 
Manhattan  Island,  where  subsurface  conditions  are 
most  congested.  This  subsurface  congestion  shows 
readily  in  the  figures  given  in  the  table  by  the  large 
number  of  bends  and  short  pieces  of  pipe  used,  even 
after  the  city  had  availed  itself  of  its  right  to  order 
moved  gas  mains  and  other  interfering  subsurface 
structures. 

After  the  mains  were  laid  they  were  subjected  to  an 
acceptance  test  of  450  lb.  for  a  period  of  10  min- 
utes for  the  earlier  contracts  and  for  20  minutes  for 
the  later  ones,  the  leakage  being  measured  and  for 
acceptance  had  to  come  within  the  limit  of  4  gal.  per 
linear  foot  of  pipe  joint  per  24  hours. 

In  testing,  the  test  sections  were  in  all  cases  be- 
tween valves  and  doubtless  a  portion  of  the  loss  was 
due  to  water  passing  the  valves  limiting  the  section 
under  test. 

The  mains  were  limited  in  the  acceptance  test  of 
450  lb.  per  square  inch  to  a  leakage  at  the  rate  of 
about  800  gal.  per  minute  for  the  entire  128  miles. 
The  actual  gross  leakage  of  all  the  tests  was  452  gal. 
per  minute.  Today  there  is  a  leakage,  as  shown  on 
the  Venturi  meters,  of  950  gal.  per  minute  at  an  aver- 
age pressure  of  33  lb. 

Investigations  have  been  made  to  locate  the  leaks, 
but  due  to  lack  of  force  the  work  has  not  been  sys- 
tematically carried  on.  However,  due  to  the  wide 
range  in  pressure,  property  owners  have  themselves 
reported  eight  connections  which  had  been  placed 
evidently  by  mistake.  There  may  be  others  not  placed 
by  mistake  in  which  advantage  is  taken  of  the  higher 


pressure  available  at  times  to  fill  tanks.  The  oc- 
casional erratic  movement  of  the  pen  in  the  Venturi 
chart  may  be  an  indication  of  this. 

An  aquaphone  test  of  each  hydrant  made  by  a  most 
careful  and  competent  inspector  who  covered  every 
one  of  the  2,728  hydrants  showed  but  51  (1.9  per  cent) 
on  which  any  sound  could  be  detected,  indicating  leak- 
age which  could  not  be  stopped  by  tightening  the 
valves. 

Of  course,  it  might  be  said  that  a  certain  number 
of  hydrants  might  be  not  tightly  closed  at  all  times 
in  such  a  large  number,  but  the  system  of  maintenance 
is  such  that  each  hydrant  is  examined  and  repaired  if 
necessary  immediately  after  going  out  of  service  at  a 
fire  by  an  experienced  machinist  who  reports  to  a  fol- 
low-up system  that  the  hydrant  has  been  examined  by 
him  and  left  in  good  condition.  The  firemen,  after 
an  alarm,  are  the  only  users  of  the  hydrants.  Should 
any  one  else  open  a  hydrant  it  is  immediately  known 
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by  an  alarm  bell  operated  by  the  Venturi  meter  re- 
corder on  the  priming  line. 

During  the  past  6  years  many  miles  of  streets  have 
been  opened  for  the  construction  of  the  rapid  transit 
subways,  exposing  over  54,000  lin.  ft.  of  the  high- 
pressure  mains.  No  leakage  has  been  found  in  the 
joints  except  an  occasional  sweat  and  from  this  evi- 
dence the  Bureau  of  Water  Supply  is  inclined  to  be- 
lieve that  the  loss  of  water  is  not  at  the  joints. 

Fig.  1  gives  the  result  of  a  test  under  varying  pres- 
sure made  on  Dec.  8,  1916.  Attention  is  called  to  the 
almost  straight  line  of  the  upper  portion  of  the  curve, 
which  seems  to  indicate  that  the  leakage  is  not  from 
fixed  openings,  from  which  a  leakage  varying  as  the 
square  of  the  pressure  should  be  expected. 

It  may  be  that  the  symmetrical  results  obtained 
and  shown  on  the  curve  are  but  accidental;  that  as 
the  pressure  increased  the  main  valves  of  the  hy- 
drants, which  close  under  pressure,  closed  more 
tightly,  reducing  the  leakage  in  the  hydrant;  that  at 
the  same  time  stuffing  boxes  in  valves  which  are  tight 
under  low  pressure  might  leak  under  the  higher;  that 
cracks  in  the  pipe  or  steel  casting  not  open  under 
low  pressure   open   under  the  higher. 


Underground  Leakage  in  Water  Pipe  System  of 
Chicago. — The  matter  of  investigating  and  remedying 
underground  leakage  in  the  water  mains  and  service 
pipes  of  Chicago  was  prosecuted  diligently  during 
1917,  resulting,  states  Mr.  John  C.  Ericson,  City  En- 
gineer, in  his  annual  report,  in  the  information  that 
the  underground  leakage  is  not  probably  more  than 
6  per  cent  of  the  entire  pumpage. 
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Design   and    Operation  of  Sewage 

Treatment  IMants  with  Special 

Reference  to  Minnesota 

Conditions* 

By  H.  A.  W  lUTTAKER. 

nirrctor    ut    Saiiltutloii.    .Stutr    Kounl    o(    ll>-al(h.    MliinriHitu 

Before  designing  a  treatment  plant,  a  careful  study 
should  be  made  to  determine  the  volume  and  char- 
acter of  .sewuKe  to  be  treated.  When  the  sewers  are 
already  in  use,  actual  measurements  of  the  sewage 
How  should  be  made,  coverinjr  a  considerable  period. 
A  census  of  the  actual  number  of  sewer  connections 
should  be  taken  and  a  record  made  of  the  character 
and  amount  of  sewajre  discharped  from  manufactur- 
inK  plants,  such  as  creameries,  tanneries,  jfas  plants, 
etc.  The  ground  water  How  should  be  measured  or 
carefully  estimated.  The  plant  should  be  designed 
in  accordance  with  the  above  data  and  with  reason- 
able allowance  for  future  growth. 

Where  a  new  sewerage  system  is  to  be  constructed, 
care  should  be  taken  to  obtain  good  grades,  whenever 
possible.  Flush  tanks  should  be  installed  wherever 
the  grade  of  the  sewer  is  such  that  it  will  not  be  self- 
cleansing  at  all  times.  The  sewerage  system  should 
be  so  designed  that  the  sewage  will  be  delivered  to 
the  treatment  plant  in  as  fresh  a  condition  as  pos- 
sible. 

For  small  plants,  where  the  sewerage  system  is  of 
the  separate  type,  removing  house  sewage  only,  grit 
and  screen  chambers  may  often  be  omitted  to  advan- 
tage. Grit  and  screen  chambers  are  necessary  where 
the  sewerage  system  is  of  the  combined  type,  and, 
when  used,  these  chambers  should  be  made  easily 
accessible  for  cleaning. 

Imhoff  Tanks. — The  settling  chambers  should  be 
designed  to  hold  the  average  flow  of  sewage  for  a 
period  of  two  hours.  The  sloping  walls  of  the  set- 
tling chamber  should  be  constructed  as  steep  as  pos- 
sible; never  less  than  1.2  vertical  to  1.0  horizontal, 
and,  better  still,  1.5  vertical  to  1.0  horizontal.  The 
walls  should  be  smooth,  with  no  projections.  A 
baffle  should  be  installed  at  the  inlet  and  a  scum 
board  abthe  outlet.  These  should  be  located  approxi- 
mately 1  to  2  ft.  from  the  inlet  and  outlet  ends  of  the 
tank,  respectively.  They  should  extend  across  the 
tank  and  to  a  depth  of  about  12  in.  below  the  surface 
of  the  sewage.  The  invert  of  the  inlet  pipe  or  pipes 
should  be  at  an  elevation  of  a  few  inches  above  the 
surface  of  the  sewage.  The  inlets  and  outlets  should 
be  so  located  as  to  distribute  the  flow  as  much  as  pos- 
sible across  the  entire  section  of  the  settling  cham- 
ber. Outlet  weirs  should  be  relatively  narrow.  Very 
wide  weirs  are  not  desirable,  since  it  is  difl^cult  to 
keep  them  clean. 

The  sludge  compartment  should  be  of  generous 
8ize.  For  Minnesota  conditions,  where  the  winters 
are  long  and  severe,  a  part  of  the  sludge  must  remain 
in  the  tank  for  nearly  a  year.  It  is  the  opinion  of 
the  Division  of  Sanitation  of  the  Minnesota  State 
Board  of  Health  that  sludge  compartments  should 
have  a  capacity  of  at  least  2  cu.  ft.  per  capita.  In 
computing  the  size  of  the  sludge  compartment,  only 
that  portion  should  be  considered  that  is  below  a 
horizontal  plane  2  ft.  below  the  slot  or  slots  in  the 
bottom  of  the  settling  chamber.  The  sludge  will  not 
flow  a  great  distance  horizontally  to  the  sludge   re- 
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moval  pipe.  In  large  tanks,  two  or  more  sludge  re- 
moval  pipes  should   be  provided. 

Tanks  should  be  uncovered.  Light,  easily  handled, 
wooden  covers  should  be  provided  for  winter  use. 
The  entire  plant  should  be  surrounded  by  a  tight, 
high  ornamental  fence,  to  keep  out  animals  and  unau- 
thorized persons. 

The  operati(jn  of  a  sewage  treatment  plant  is  a 
very  important  feature  and  one  which  is  seldom 
given  suflicient  attention.  A  poorly  designed  plant 
under  conscientious  management  will  often  produce 
better  results  than  a  well  designed  plant  witii  indif- 
ferent management.  Plants  should  be  constructed  so 
that  all  parts  are  easily  accessible  to  the  operator. 
It  is  fre(iuently  necessary  to  break  up  the  scum  which 
will  collect  on  the  sewage  in  the  vents  and  to  scrape 
down  the  walls  of  the  settling  chamber  and  push 
through  the  slots  material  which  will  adhere  to  the 
walls.  Readings  should  be  taken  frequently  to  de- 
termine the  surface  of  the  sludge  in  the  sludge  cham- 
ber so  as  to  know  when  and  how  much  to  remove. 
The  sludge  should  be  e.xamined  occasionally  to  de- 
termine whether  or  not  it  is  acid  or  alkaline.  An 
acid  sludge  is  sour  and  foul-smelling  and  generally 
requires  a  long  period  for  drying.  Such  a  sludge 
should  be  treated  with  lime. 

The  operator  should  be  provided  with  necessary 
tools  and  apparatus  to  care  for  his  plant.  The  tools 
usually  consist  of  a  sludge  scraper,  used  for  the  pur- 
pose of  scraping  down  the  walls  of  the  settling  cham- 
ber; a  scum  breaker,  used  for  the  purpose  of  break- 
ing up  the  scum  which  may  collect  on  the  surface 
of  the  sewage  in  the  vents;  a  skimmer,  used  for  the 
purpose  of  removing  to  the  vents  scum  which  some- 
times collects  on  the  sewage  in  the  settling  cham- 
ber; and  a  sludge  sampling  apparatus,  in  order  to 
determine  the  position  of  the  surface  of  the  sludge, 
and  a  set  of  Imhoff  tubes  with  which. the  operator 
can  determine  roughly  how  the  plant  is  operating. 
Each  plant  should  be  provided  with  a  house  of  gen- 
erous size  in  which  the  tools  can  be  kept  and  in 
which  the  necessarj-  analytical  work  can  be  per- 
formed. 

Pumping  Machiner>'. — Where  it  is  necessary  to 
pump  the  sewage  or  the  sludge  by  pumps  driven  by 
electric  motors,  the  motors,  switch  boards,  or  start- 
ing rheostats  should  be  located  in  a  building  not 
directly  connected  with  any  part  of  the  sewage  treat- 
ment plant,  since  the  condensation  and  moisture  in 
the  winter  months  is  very  heavy  on  all  parts  of  the 
plant  directly  connected  with  the  settling  or  vent 
chambers. 

Sludge-Drying  Beds. — Sludge-drying  beds  should  be 
located  as  close  as  possible  to  the  Imhoflf  tank.  Where 
it  is  necessary  to  conduct  the  sludge  a  distance  of 
10  or  15  ft.  horizontally  to  the  drying  bed,  it  should 
be  allowed  to  flow  in  open  channels  rather  than  in 
pipes,  since  long  sludge  pipes  are  likely  to  become 
clogged  with  dried  sludge.  Where  the  sludge  is  re- 
moved from  the  tank  by  gravity,  the  sludge  pipe  out- 
let should  be  at  an  elevation  at  least  G  ft.  below  the 
sewage  in  the  tank.  The  sludge  should  be  discharged 
on  to  the  bed  from  an  elevation  at  leant  2  ft.  above 
the  surface  of  the  bed  so  that  the  sludge  removal 
pipe  can  be  drained  after  each  removal  of  sludge. 
The  sludge  drying  beds  should  be  of  generous  size, 
having  an  area  of  not  less  than  I  sq.  ft.  per  capita. 

Percolating  Filten*.— Percolating  filters,  where 
necessary,  should  t>e  of  ample  size,  so  as  to  prevent 
overworking.  It  should  be  remembered  that  in  the 
colder  climates  the  bacterial  action  in  the  filters  is 
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much  slower  than  in  milder  climates.  Therefore,  to 
produce  the  same  results,  filters  must  be  consider- 
ably larger  than  would  be  necessary  in  a  southern 
climate.  Certain  tests  at  Milwaukee,  Wis.,  indicated 
that,  on  very  hot  days,  percolating  filters  could  be 
operated  efficiently  at  the  rate  of  4,000,000  gal.  per 
acre  per  day,  whereas,  in  colder  weather,  only  400,- 
000  gal.  per  acre  per  day  could  be  applied  to  obtain 
the  same  results.  The  Division  of  Sanitation  recom- 
mends that  percolating  filters  in  Minnesota  be  de- 
signed to  operate  at  a  rate  of  1,200,000  gal.  per  acre 
per  day,  where  the  average  depth  of  stone  is  at  least 
6  ft. 

Resettling  Tanks. — A  resettling  tank,  having  an 
average  holding  period  of  about  one  hour,  shall  be 
installed  wherever  percolating  filters  are  used.  This 
tank  shall  be  provided  with  cross  baffles.  The  bot- 
tom shall  be  hopper-shaped.  Adequate  provision  for 
sludge  removal  shall  be  provided.  The  sludge-dry- 
ing bed  shall  be  constructed  in  a  manner  similar  to 
the  bed  for  drying  the  sludge  from  Imhoff  tanks.  This 
bed  shall  have  a  net  area  equal  to  at  least  V2  sq.  ft. 
per  capita. 

Sand  Filters. — Sand  Filters  have  not  been  entirely 
successful  under  Minnesota  conditions,  due  to  freez- 
ing in  cold  weather.  They  cannot  be  operated  at 
rates  much  exceeding  100,000  gal.  per  acre,  per  day, 
and  requires  a  great  deal  of  attention. 

Rules  for  Operation  of  Imhoff  Tanks. — Any  ma 
terial.  other  than  sand  and  grit,  which  may  collect 
in  the  inlet  chamber,  should  be  forced  through  the 
opening  into  the  settling  chamber.  Sand  and  grit 
should  be  removed  and  deposited  upon  the  surface 
of  the  ground.  The  inlet  chamber  should  be  kept 
clean  at  all  times.  Any  material  which  rises  to  the 
surface  of  the  sewage  in  the  settling  chamber  which 
does  not  sink  readily  when  broken  up  should  be  re- 
moved to  the  vents.  Any  sludge  which  deposits  on 
the  walls  of  the  settling  chamber  should  be  forced 
through  the  slots  into  the  sludge-chamber.  The 
walls  of  this  chamber  can  be  kept  clean  by  daily 
scraping  and  forcing  any  adhering  deposit  through 
the  slots. 

Any  scum  which  collects  on  the  surface  of  the 
sewage  in  the  vents  should  be  thoroughly  stirred  up 
daily,  so  as  to  liberate  the  entrained  gases  and  facili- 
tate the  settling  of  the  solid  material.  If  the  scum 
in  the  vents  should  reach  a  thickness  of  over  6  in., 
a  portion  of  it  should  be  removed.  The  surface  of 
the  sludge  in  the  sludge  chamber  should  never  be 
allowed  to  reach  a  point  higher  than  2  ft.  below  the 
slots,  equivalent  to  a  point  about  9  ft.  below  the  sur- 
face of  the  sewage.  The  level  of  the  sludge  in  the 
sludge  chamber  should  be  lowei"ed  about  2  ft.  each 
time  the  sludge  is  removed,  except  in  the  late  fall, 
when  about  4  ft.  should  be  removed  to  allow  for  the 
winter's  accumulation.  The  operator  should  be  pro- 
vided with  a  sampling  outfit  by  means  of  which  bot- 
tle samples  of  sewage  in  the  sludge  chamber  can 
be  collected  at  various  depths  and  the  e.xact  location 
of  the  surface  of  the  sludge  determined. 

The  surface  of  the  sludge  should  be  determined  at 
least  once  every  two  weeks. 

Ice  which  may  collect  on  the  surface  of  the  sew- 
age in  the  settling  and  vent  chambers  should  be  re- 
moved immediately. 

When  the  sludge  on  the  drying  bed  reaches  a 
depth  of  about  1  ft.,  it  should  be  removed.  Since  a 
portion  of  the  sand  will  adhere  to  the  sludge  re- 
moved from  the  bed,  it  will  be  necessary  to  replace 
the  top  layer  of  sand  on  the  bed  from  time  to  time. 
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Loss  of  Head  in  Corporation  Cocks 
and  Service  Pipes 

Several  years  ago  a  series  of  tests  were  made  by 
the  Bureau  of  Investigation  and  Design  of  the  De- 
partment of  Water  Supply,  Gas  and  Electricity,  New 
York  City,  to  determine  the  losses  of  head  in  corpora- 
tion cocks  and  service  pipes.  The  results  of  these 
tests  are  summarized  by  Mr.  B.  J.  Bleisteine  of  the 
Department  in  a  paper  presented  before  the  American 
Waterworks  Association.  The  matter  following  is  ab- 
stracted from  the  paper: 

All  sizes  in  use  by  the  department  at  that  time 
were  tested.  Of  the  two  largest  sizes,  four  of  each 
type  were  tested,  and  of  the  smaller  sizes,  two  of  each 
type.  Of  the  lead  and  galvanized  service  pipes,  four 
lengths  of  each  size  about  15  ft.  long  were  tested. 

The    observations    were    very    carefully    made,    the 
losses  being  measured  by  mercury  deflections,  and  the 
discharges  by  a  2-in.  meter  of  the  current  type.     In 
taking  the  readings  three   observers  were   used,   one 
to    read    the    meter,    the    others    to    note   the    U-tube 
deflections.     At  each  rate  of  flow  a  sufficient  quantity 
of  water  was  allowed  to  pass  so  that  the  dial  hand  on 
the  meter  made  a  complete  revolution.     In  this  way 
any  errors  due  to  eccentricities  of  the  dial  hand  or 
inaccuracies  in  the  gradations  were  eliminated.     The 
time  was  taken  with  an  ordinary  watch,  readings  be- 
ing taken  to  the  nearest  half  second.     As  the  total 
time   for  any  individual   test  was  never  less  than   2 
minutes,  the  resulting  error  was  probably  less  than  1 
per  cent.     The  deflections  were  read  at  IS-second  in- 
tervals, the  readings  being  taken  to  the  nearest  1/16 
in.     As  no  deflection  was  less  than  1  in.  and  at  least 
eight  readings  for  each  rate  were  taken,  the  error  is 
probably  also  well  within  one  per  cent.     After  a  suf- 
ficient number  of  tests  had  been  made  on  each  length, 
the  unit  losses  at  the  observed  rates  of  flow  were  com- 
puted,  1    in.   of  mercury   deflection    being   equivalent 
to     1.047    ft.    of    water.      These    values    were    sub- 
stituted     in      the     Williams      and    Hazen      formula, 
V  =  c' m'-^s"'*",     and     the     average     value     of     c     for 
each     length     obtained.     From     these     the     average 
value     of     c     for     each     size     was     computed.     The 
values     of     c     for    the     same     section     of     pipe     at 
different  rates   of  flow  showed  very   little  variation, 
the    extremes    varying    not    more  than    3    per    cent 
from  the  average.     For  different  sections  of  the  same 
length  of  pipe,  however,  the  variation  was  consider- 
able, even  in  the  case  of  the  lead  pipe.     The   U-in. 
pipe  shows  the  greatest  difference.     If  the  same  dif- 
ference had  prevailed  in  the  pipe  upon  which  the  loss 
of  head  tests  were  made  and  the  actual  diameters  had 
been  used  in  the  computations,  the  effect  would  have 
been  to  reduce  the  values  of  c  somewhat.     In  the  case 
of  the  '  2-in.  this  would  have  meant  a  reduction  of  4 
in.    However,  as  it  is  usually  quite  diflicult  to  measure 
the  diameters  accurately,  values  of  c  computed  on  the 
basis  of  the  standard  diameters  would  be  of  the  great- 
est value. 

With  one  exception,  the  losses  through  the  cocks 
with  90-degree  tail  pieces  are  larger  than  those  with 
45-degree  tail  pieces,  the  difference  being  greater  for 
the  smaller  sizes.  The  addition  of  a  strainer  or  eel 
guard  practically  doubles  the  loss. 

The  relation  between  the  loss  in  the  corporation 
cock  and  the  velocity  head  may  be  expressed  by  the 
formula  C  =  H/P,  in  which  H  is  the  velocity  head,  and 
P  the  total  loss  as  measured  by  the  U-tube  minus  the 
loss  through   the    1    ft.   of   lead   pipe.    The    value   of 
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C  is  not  H  constant,  beinK  in  Keneral  higher  for  the 
larger  values  of  H.  The  loss  P  also  represents  the 
pressure  retiuired  to  produce  the  velocity  head  H, 
hence  C  is  equal  to  the  co-et!icient  of  dittcharge.  Table 
I  shows  the  values  of  C: 


TABL£  I- 

-VAUUES  or  c 

V 

-10.0 

V  -  JO  0 

8 lie  anil 

I>1«). 

fl 

'•ec. 

ft.,ll#f. 

S 

In  — 

<&  deere»ji  T. 

1' 

<l 

«33 

0.4«7 

S 

In 

4»« 

.SOO 

t-ln.— 


UIS 


.44:. 


(IvKrws    1 1 J 

»0   itvurrva    47^  .4.> 

m-ln 

4'.    di-Krceii    .TmJ  .S90 

•JO    di-Kreea    l«i  .648 

14-111     Htralner — 

45   dcKrcca    351  .298 

so   <I.Kre««    300  .322 

I-ln.— 

15    ilrtrrve*    459  .4«7 

VP    .l.k-rceJi    433  .431 

1'.    il.k;ri-*ii    306  .324 

iO   .U-Krw8    292  .30S 

The  relation  between  the  losses  in  the  corporation 
cocks  and  the  losses  in  pipe  can  be  shown  by  comput- 

TABI.E   II. 

KanLff  of  CorreHiMDndlUK 

■  lis.  liiirKf  riinite  of 

(.-.illcns  ciulViiUnt  U-nKll> 

Slio  unit  |\|>i-                                    |..r  minute.  of  lead  pipe. 

4-ln— 

45   deKrft'ii   T     I'                          15—22.5  3.86—4.70 

H-ln.— 

45   dfBrt-eii    .  .                                ■■.<>—  3.'>.0  4.96 —  5.94 

90   dei;re<-»    .  .                                .'..0—  35.0  6.24—  7.54 

\-ln.— 

45   dettrce-H    ■<  0—  50.0  5.67—7.17 

90   de^eeK    7.0—  50.U  6.65^7.72 

1-ln.— 

iS  degreen    14.0—100.0  7.47—9.91 

90  dvi;rees    16.0—100.0  7.00—9.23 

m-ln  — 

45   derr««a    70.0—250.0  10.00—12.38 

i«   diKre»-s    70.0— 250.U  10.22—13  52 

14-ln.   Htralner — 

4;   deirreea    30.0—160.0  14.10— 23.45 

90   debTeea    25.0— ISO.O  IS.IO— 21.45 

2-ln.— 

45   dr»,-ree»    60.0— 400.0  22.60— 2S. 50 

90   il.kT"  's    60.0—400.0  22.95—31.10 

n '.l.^r.-Vs       .SO.O— 3.'.0.0  31.00 — lO.OO 

•".    .l.-^r.-.-.M    80.0 — .'500.0  36  00 — tO.75 

ing  the  length  of  lead  pipe  ef  a  size  corresponding  to 

the  size  of  the  cock,  in  which  the  loss  would  be  the 
Fame.    This  equivalent  length  is  not  a  constant,  being 

greater  for  the  higher  rates  of  flov^-  and  for  the  larger 

cocks.  Table  II  gives  the  range  in  the  values  of  this 
length  for  the  various  sizes  and  rates  of  flow  in- 
dicated. 


Cost  of  Field  Work  on  Meter  Repairs  and  Replace- 
ments at  Chicago. — The  water  meter  shops  of  the 
Department  of  Public  Works  of  Chicago,  during  1917 
carried  out  11,654  field-work  jobs  in  connection  with 
meter  repairs  and  replacements.  The  average  cost 
per  job.  according  to  the  last  annual  report  of  the 
Department,  was  as  follows: 


IVaciiptlon  of 


Jol.». 
1    I.M 


InvoatlKatlonn      

Mi-tom    rnmovcd    iMTiiiain'ntl>  !i: 

.\lrt«TN   ri-iinlrrd   on    prnnilw*  r.  I'sT 

.Mrirr     I'M  .i.i..t.>     .  Illtni.-''.l  I 

.M.I.  1.23: 

KlHl                                •    !  3 

U;.  75 

Ch..  ..    .....        ...   Mil.  ■!      6 

MctiTK  i.iuuvnl  f.jr  Biif.-  kr-'plns »7« 

Covom   and   fntnioH  dcllvori'd 4 

Coal  of  347   nrw   niet»ni   iK'-d  on  raplac*- 
nii-nta    

Totals                                                           n.«M 


Inbor  11  ml 
material 
roal   piT 


3.J« 
It  16 

1.7« 
U  IS 


15.12 
t  J.77 


Considerations  Affecting    the  Se- 
lections of   the   Coinhined  or 
Separate  System  of  Sewers 

In    Its    tentativt,'    in.struction    ti.  for    the 

sewerage,    sewage    treatment     ami  of     in- 

dustrial housing  development  the  1...^  .,,...  .i.k'  Divis- 
ion of  the  Bureau  of  Industrial  Hou.^ing  and  Tran.s- 
portation  of  the  C.  S.  Department  of  Ijibor  summa- 
rizes as  follows  the  conditions  that  should  be  taken 
into  consideration  in  selecting  the  combined  system 
or  the  separate  systems  of  sewage: 

Conditions  Favoring  Separate  System. — The  sep- 
arate .sy.stem  of  sewers  is  indicated  as  most  desirable 
when  the  following  conditions  obtain: 

Where  storm  water  does  not  require  extensive  un- 
derground removal  or  where  it  can  be  concentrated  in 
a  few  shallow  underground  channels. 

Where  drainage  areas  are  short  and  steep,  fa- 
cilitating rapid  flow  of  the  water  over  street  surfaces 
to  the  natural  water  courses. 

Where  the  sanitary  sewage  must  be  pumped  and 
additional  cost  of  pumping  even  of  a  small  amount  of 
storm  water  is  great. 

Where  the  sanitary  sewage  must  be  purified  and 
storm  water  is  a  combined  system  either  purified  or 
by-passed — either  scheme  requiring  large  purifica- 
tions plant  capacity  or  creating  nuisance  due  to  the 
overflow  of  objectionable  refuse. 

Where  the  sewers  are  being  built  in  advance  of  a 
city's  development  to  encourage  growth,  the  separate 
system  often  provides  a  ma.ximum  number  of  miles  of 
sewer  for  a  minimum  of  e.xpenditure. 

The  storm  sewers  if  ever  required  may  be  gradually 
introduced  later  and  rarely  need  to  cover  over  about 
one-half  the  area  covered  by  a  sanitary  system.  This 
consideration,  however,  is  not  always  applicable  to 
the  present  intensive  and  complete  liousing  develop- 
ment schemes. 

A  combined  system  of  sewers  must  usually  be 
relatively  of  larger  capacity  than  a  separate  storm 
drain  for  the  same  area,  because  the  storm  drain  may 
be  overloaded  at  long  intervals  with  "slight  incon- 
venience, whereas  in  a  combined  sewer  any  overflow 
is  accompanied  by  a  great  nuisance  and  complaint 
owing  to  basement  connections  and  consequent  liabil- 
ity of  flooding. 

In  general,  rather  rough  topography  with  marked 
natural  drainage  and  open  spaced  residential  settle- 
ment not  likely  in  the  future  to  become  dense,  to- 
gether with  the  desirability  of  sewage  treatment  in- 
dicates the  separate  system  as  the  method  most  de- 
sirable. 

Conditions  Favoring  Combini'd  System. — The  condi- 
tions that  indicate  that  the  combined  system  is  the 
one  most  desirable  are  as  follows: 

Where  it  is  evident  that  both  storm  water  drains 
and  sanitary  sewers  must  be  fully  and  completely  in- 
stalled throughout  the  entire  length  of  the  street  in 
the  district,  it  is  obvious  that  the  total  cost  will  be 
far  greater  for  the  separate  than  for  the  combined 
system. 

Where  no  pumping  or  purification  is  required  at 
present  or  is  anticipated  in  the  future. 

In  general  Hat  topography  without  natural  drain- 
age and  with  dense  settlement  or  future  liability  to 
dense  settlement  together  with  the  lack  of  necessity 
of  sewage  treatment  indicates  the  combined  system  as 
the  method  which  is  desirable. 

Combination   of  Two  SvHtems. — The    selection    of 
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system  to  be  adopted  should  not  follow  hard  and  fast 
rules.  Often  in  the  same  development  it  may  be  de- 
sirable to  provide  in  one  part  the  separate  system,  in 
another  part  the  combined  system,  and  still  in  another 
part  a  combination  of  the  two  methods.  Occasionally 
a  combined  sewer  may  be  introduced  in  a  separate 
system  to  advantage  with  interception  of  its  natural 
flow  at  some  point  before  the  outlet  is  reached.  The 
economical  and  efficient  method  is  only  arrived  at 
by  outline  design  and  cost  comparisons  of  different 
projects. 

Combined  Systems  and  Treatment  Plants  Sometimes 
Warranted. — ft  does  not  always  follow  that  where 
sewage  treatment  is  involved  the  selection  of  the  sep- 
arate system  is  imperative.  It  is  usually  desirable 
but  cases  may  arise  where  the  combined  system  should 
be  adopted  although  sewage  treatment  in  some  form 
is  necessary.  This  latter  condition  will  be  the  same 
ordinarily  where — 

1st.   All  streets  must  have  storm  water  removal. 

2nd.  Where  very  complete  treatment  is  not  neces- 
sary. 

3rd.  Where  high  grade  effluent  from  the  treatment 
plants  is  not  warranted. 

4th.  Where  storm  flows  can  be  safely  and  properly 
by-passed  into  flooded  .streams. 

5th.  And  in  general  where  cost  of  treatment  works 
(considering  operation  as  well)  for  a  somewhat  large 
normal  flow  are  obviously  less  than  the  cost  of  du- 
plicate sewers  in  full  throughout  the  district  drained. 


Leaks  in  Water  Mains  at  Hamilton,  Ont., 
and  Cost  of  Repairs 

A  large  number  of  leaks  developed  in  the  larger 
size  water  mains  of  Hamilton,  Ont.,  during  the  sum- 
mer months  of  1916,  and  as  a  consequence  it  was 
necessary  to  devote  the  services  of  one  large  gang 
exclusively  to  these  repairs.  On  the  30-in.  mains 
the  trouble  was  in  almost  every  case  blown  joints 
These  joints  when  repaired  were  reinforced  with 
expanded  metal  and  concrete.  Two  breaks  on  20-in. 
mains  were  caused  by  water  hammer  and  occasioned 
some  extra  trouble  and  e.xpense.  On  the  36-in.  mains 
only  one  large  repair  was  made.  Repairs  on  the 
smaller  mains  were  of  the  usual  character,  and  were 
not  more  numerous  than  in  former  years.  The 
numerous  leaks  on  the  larger  mains  were  occasioned 
by  disarrangement  in  the  pumping  system.  The  fol- 
lowing statement  from  the  last  annual  report  of  E.  R. 
Gray,  City  Engineer,  shows  the  number  of  leaks  and 
cost  of  repairs  per  mile: 

Cost  of  repair 
l^er  mile. 


Size. 

Total 

No. 

in. 

mileage. 

leaks 

48 

0.02 

36 

2.46 

SO 

6.50 

5 

24 

1.50 

1 

20 

9.71 

11 

18 

6.69 

2 

Ifi 

0.80 

0 

12 

12.71 

3 

10 

2.54 

2 

S 

3.54 

0 

6 

133.35 

40 

4 

2. OS 

0 

2 

1.32 

1 

1 

3.72 

1 

Total    

186.98 

72 

•Average. 

Leaks  per 

mile. 

1  in  0.41 
1  in  1.30 
1  in  1.50 
1  in  O.SS 
1  in  3.34S 

miles 
miles 
miles 
miles 
miles 

1  in  4.237 
1  in  1.272 

miles 
miles 

1  in  3.333 

miles 

1  in  1.322 
1   in  3.721 

miles 
miles 

230.15 
107.98 
9.90 
76.98 
73.64 

"6.23 

77:93 


1  in  2.596  miles 


Cost   of   Meter   Readings   at    Hamilton,    Ont. — The 

city  of  Hamilton,  Ont.,  had  636  water  meters  in 
service  during  1916.  The  co-st  of  the  7.679  meter  read- 
ings for  the  year  was  $821.70  or  10.7  ct.  per  reading. 


Malaria  Prevention  Work  at  Gamp 
Bowie,  Tex. 

With  the  movement  of  the  troops  to  the  Southern 
cantonment  areas  last  fall,  the  United  States  Public 
Health  Service  recognized  that  an  emergency  existed. 
Many  of  the  cantonments  were  in  the  most  heavily 
infected  regions,  from  a  malarial  standpoint,  that  ex- 
isted in  the  United  States.  Plans  were  at  once  made 
by  the  Service  to  inaugurate,  in  connection  with  the 
general  sanitation  of  the  zones  around  these  camps, 
a  vigorous  campaign  against  the  Anopheles  mosquito. 
During  the  winter  surveys  were  made  and  all  prep- 
arations completed  for  mosquito  control  work  early 
in  the  spring.  The  campaign  as  carried  out  at  Camp 
Bowie,  near  Fort  Worth,  Tex.,  was  described  by  W. 
A.  Hardenbergh,  Chief  Sanitary  Engineer,  U.  S.  Pub- 
lic Health  Service  in  "Pass  in  Review,"  a  newspaper 
published  for  the  soldiers  in  training  at  Texas  Camps, 
from  which  the  following  notes  have  been  abstracted. 

In  April  a  survey  of  possible  mosquito  breeding 
places  in  the  neighborhood  of  Camp  Bowie  and  three 
aviation  fields  was  made,  equipment  ordered  and  plans 
made  for  the  necessary  work.  These  plans  for  the 
campaign  against  the  Anopheles  mosquito  contem- 
plated such  work  as  might  be  necessary  for  the  de- 
struction of  their  shelters  and  breeding  places.  This 
is  done  by  draining  such  pools  and  swamps  as  will 
hold  .water  more  than  a  week  or  in  so  cleaning  these 
pools  and  swamps  that  there  are  no  places  where  the 
larvae  may  hide  from  the  minnows  and  other  small 
fish  which  feed  on  them.  In  fact,  fish  are  among  the 
most  efficient  allies  in  the  fight  against  the  mosquito 
and  fish  control  is  often  the  easiest,  at  times  the  only 
way. 

Methods  of  Mosquito  Control. — Where  neither  drain- 
ing nor  fish  control  is  practicable,  it  has  been  found 
that  the  application  of  a  Ihin  film  of  oil  to  the  sur- 
face of  the  water  will  destroy  the  wrigglers  and  tum- 
blers by  clogging  their  breathing  tubes.  There  are, 
then,  three  main  ways  to  get  rid  of  the  mosquito:  By 
draining  away  the  water,  by  allowing  the  fish  to  get 
at  the  larvae  and  pupae,  and  by  oiling. 

Plans  for  the  work  at  and  around  Camp  Bowie  pro- 
vided for  all  three  methods.  It  was  planned  to  clean 
the  banks  of  both  forks  of  the  Trinity  River  near  the 
city  and  the  camp,  thus  eliminating  hiding  places  for 
the  larvae  in  the  grass  and  brush  along  the  banks 
and  allowing  the  fish  a  chance  to  feed  on  them.  The 
estimate  called  for  cleaning  50  miles  of  river  bank. 
Ditching  and  draining  was  contemplated  for  the 
sloughs  and  stagnant  pools,  while  the  small  streams 
and  branches  were  to  be  straightened  and  cleaned. 
The  estimate  on  ditching  called  for  about  50  miles 
of  this  work.  Oiling  was  relied  upon  to  control  mos- 
quito production  while  ditching  and  river  bank  clean- 
ing was  in  progress. 

Work  was  begun  in  the  second  week  of  May  with  a 
single  foreman  and  about  a  dozen  men.  More  men 
were  added  as  rapidly  as  possible  and  the  work  at- 
tacked from  various  sides.  One  gang  of  men — part 
of  the  time  two — have  been  kept  steadily  at  work 
cleaning  the  river  banks  and  bringing  them  to  a  sharp 
edge  free  from  grass  or  other  obstructions.  In  con- 
nection with  this  work,  the  streams  have  been 
cleaned  of  obstructions  and  drift  that  might  provide 
shelter  for  the  larvae.  To  June  20,  approximately  34 
miles  of  this  work  had  been  completed. 

On  the  smaller  streams  which  usually  offer  still 
more  favorable  opportunities  for  breeding  than  do 
the  larger  ones,  the  character  of  the  work  is  slightly 
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different.  Mo.st  of  the  streams  around  Camp  Bowie 
are  compo.sed  of  ^russ  or  weed-bordered  pools,  with 
a  more  or  less  steady  How  of  water  between.  These 
j?rassy  ed^es  offer  ideal  places  for  the  growth  of  mos- 
quitof.>i.  The  method  of  procedure  here  has  been  to 
lower  the  pools  by  connecting  ditches,  which  drains 
them  down  so  that  the  mud  banks  offer  no  protec- 
tion from  the  fish.  The  channels  where  water  is  tlow- 
injf,  are  cleaned  and  straijjhtened,  j^rass  and  weeds 
cut  and  obstructions  removed.  This  removes  the 
breeding  places  and  at  the  same  time  destroys  the 
daytime  roosts. 

Destruction  of  KreedinK  Places  in  Shallow  Depres- 
sions.— In  the  outskirts  of  the  city  of  Fort  Worth 
there  are  iiuite  a  number  of  .slouKhs  or  shallow  de- 
pressions holding'  water.  These  have,  in  the  mo.st 
cases,  been  caused  by  borrow  pits  for  road  fills, 
levees  and  railroads,  or  by  the  cuttinj?  off  of  a  nat- 
ural drainatre  course  in  levee  or  similar  construction. 
The.se  are  amonj?  the  most  prolific  breeding  places 
locally.  The  general  plan  has  been  to  drain  them, 
even  though  this  entails  considerable  work,  for  sev- 
eral of  them  are  so  e.xtensive  that  control  by  any 
other  means  is  doubtful.  Moreover,  oiling  is  but  a 
temporary  expedient  and  a  comparatively  costly  one. 

A  great  deal  depends  on  the  amount  and  spacing 
of  the  rains.  Two  rains  falling  within  a  week  are 
liable  to  cause  water  to  stand  in  roadside  ditches  for 
a  time  sufficient  to  cause  breeding.  To  care  for  such 
a  contingency,  a  ditching  machine,  drawn  by  6  mules, 
is  used  to  clean  out  the  roadside  ditches  and  remove 
the  grass  and  weeds.  This  allows  the  sun  every 
chance  to  dry  up  the  water  and  also  furnishes  bet- 
ter drainage  facilities  than  the  grass-filled  gutter;  it 
also  allows  of  easier  and  cheaper  oiling. 

Temporary  I'se  of  Oil. — Pending  the  work  of  clean- 
ing out  the  streams  and  draining  the  pools  and 
sloughs,  some  method  of  control  is  necessary;  in 
many  cases  it  is  necessary  even  after  the  streams 
have  been  ditched  and  cleaned.  Oil  is  utilized  for 
this  work.  Ordinary  crude  oil  is  used  for  the  most 
part,  mixed  in  the  proportion  of  two  parts  of  crude 
oil  to  one  part  of  coal  oil  to  make  the  mixture  thin- 
ner and  easier  to  handle.  This  may  be  applied  in 
several  ways.  The  method  most  in  use  around  Camp 
Bowie  is  by  the  hand  spray.  A  knapsack  shaped  can, 
holding  about  5  gal.  of  oil,  is  strapped  to  the  back 
of  the  oiler.  By  means  of  a  small  pump  and  a  spray 
noZiZle  the  oil  is  applied  in  a  thin  film  to  the  surface 
of  the  water.  Oil  may  also,  in  the  case  of  running 
streams,  be  applied  by  a  drip  can  regulated  to  deliver 
20  to  .30  drops  of  oil  per  minute.  The  oil  forms  a 
film  on  the  surface  of  the  water  and  by  shutting  off 
the  air  supply  of  the  baby  mosquitoes,  kills  them  in 
a  short  time. 


A  Couple  of  Arguments  for  Metering 

Some  comment  has  been  caused  by  the  fact  that 
on  one  day  last  summer  the  pumpage  for  the  water 
works  of  Philadelphia  reached  .'{59,000.000  gal.  or 
more  than  200  gal.  per  capita.  This  broke  all  pre- 
vious records  for  the  city,  and  is  something  of  an 
accomplishment.  Chicago,  however,  can  give  the 
Quaker  City  points  on  water  consumption  and  waste. 
According  to  the  last  annual  report  of  the  Depart- 
ment of  Public  Works,  the  quantity  of  water  pumped 
in  Chicago  in  1917  totaled  2:M,1.T2,0:J0.000  gal.  or 
an  average  of  2-15  gal.  per  capita  per  day.  And  this 
quantity  was  slightly  less  than  that  pumped  in  191(), 
the  summer  season  of  which  was  unusually  hot  and 
drv. 


40,()()()  Gal.  Reinforced   Concrete 

Tower  and   Tank  Built  for 

S3, 100 

A  -tO.oOO-gal  reinforced  concrete  water  tower  and 
tank  was  built  for  the  village  of  New  Trier.  Minn., 
in  1917.  It  is  a  plain,  circular  structure,  the  tower 
and  the  tank  portions  being  of  the  same  diameter. 
IG  ft.  inside,  and  the  same  wall  thickness,  6  in.  The 
design  and  construction  features  of  the  structure 
are  described  by  Mr.  H.  G.  Overholt,  of  the  Circulas 


'[  1    '.  -B'''iv'>j~ 


Concrete  Co.,  Minneapolis,  the  contractors,  in  Con- 
crete, to  which  we  are  indebted  for  the  matter  fol- 
lowing: 

Foundation. — The  foundation  is  an  annular  ring  of 
concrete,  .">  ft.  wide  and  2  ft.  G  in.  thick,  reinforced 
with  'i-iii-  rods  1.5  in.  o.  c.  both  ways.  The  bottom 
of  foundation  was  placed  7  ft.  below  the  ground  sur- 
face on  a  hard  and  firm  clay.  F'rom  the  top  of  this 
foundation  the  walls  extend  up  to  the  bottom  of  the 
tank  floor,  50  ft.  above  ground  as  a  plain  cylinder. 
At  the  ground  line  openings  for  a  door  and  two  small 
windows  were  provided. 

The  reinforcement  in  this  tower  portion  consisted 
of  '  --in.  round  hooping  2  ft.  o.  c.  for  tl\^  entire  height. 
The  verticals  are  16  lines  of  •'*M-in.  sq.  twisted  rods, 
with  IG  extra  'j-in.  square  twisted  rods  12  ft.  long 
at  the  bottom. 

Tank  Floor.— The  floor  of  the  tank  is  an  inverted 
cone,  with  a  rise  of  5  ft.     The  normal  thickness  of 
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concrete  at  the  center  is  9  in.,  at  the  inside  wall  line 
15  in.  A  reveal  14  in.  deep  and  extending  6  in.  out- 
side the  wall  line,  was  poured  monolithically  with 
the  floor  with  the  double  purpose  of  breaking  up  the 
outer  surface  and  providing  additional  bond  length 
for  the  radial  reinforcing  rods,  which  were  all  ^2  in. 
square,  twisted,  spaced  10  in.  o.  c.  as  measured  at 
the  inside  wall  surface.  One-half  of  these  radial 
rods  were  bent  up  to  the  top  of  the  floor  slab  about 
3  ft.  inside  the  wall,  to  act  as  shear  reinforcement. 
The  other  half  of  the  radials  follow  the  bottom  of 
the  floor  to  near  the  wall  line,  whence  they  are  bent 
on  an  easy  curve  into  a  vertical  position.  Hooping 
in  the  tank  floor  is  i2-in.  square  twisted  rods  10 
in.  o.  c. 

Walls. — The  reinforcement  in  the  tank  walls  was 
designed  on  an  arbitrary  basis  as  to  allowable  unit 
stresses  in  the  steel  at  various  depths.  A  unit  stress 
of  9,000  lb.  per  square  inch  was  adopted  for  a  depth 
of  20  ft.,  10,000  at  16  ft.,  11,000  at  12  ft.,  12,000  at 
48  ft.,  and  16,000  at  2  ft.  The  spacing  of  hoops  was 
considered  such  as  to  make  use  of  vertical  reinforc- 
ing unnecessary,'' except  as  spacer  bars.  Sixteen  lines 
of  ^2  in.  squares  were  used  in  this  way. 

The  Roof. — In  the  cone-shaped  roof,  which  has  a 
rise  of  about  5  ft.,  the  reinforcement  could  be  omit- 
ted with  entire  safety,  and  the  thickness  of  concrete 
need  not  be  over  3  in.  in  this  size  tank.  But  as  will 
be  seen  from  Fig.  1,  a  small  amount  of  '^s-in.  rein- 
forcing was   provided. 

Concrete. — The  concrete  mixtures  were  as  follows: 
Foundation,  roof,  floor  of  tower,  and  tower  wall,  1 
cement,  21/2  sand  and  5  screened  gravel.  Tank  walls 
and  tank  floor,  1:1^  2:212  rnix.  The  sand  was  reason- 
ably coarse,  the  gravel  clean  and  graded  from  i',  in. 
to  V\i  in.  Special  care  was  exercised  in  proportion- 
ing, mixing  and  placing  the  tank  floor  and  the  lower 
part  of  the  tank  walls. 

The  inside  of  the  tank  wall  and  floor  was  given 
first  a  heavy  coat,  about  ^2  in.  thick,  of  1:2  mortar, 
followed  by' a  Vi-in.  coat  of  1:2  plaster,  mixed  quite 
wet.  The  wall  and  floor  coats  overlapped  at  the  bot- 
tom of  the  wall,  making  four  thicknesses  at  this  very 
vital  point,  resulting  in  a  nicely  rounded  fillet.  On 
the  day  following,  two  brush  coats  of  neat  cement 
were  applied. 

Two  very  slight  dripg  through  the  floor  were  easily 
stopped  by  additional  plaster.  A  few  moist  spots  de- 
veloped on  the  outside  of  the  walls  after  the  tank 
was  filled  to  full  depth,  but  these  soon  disappeared. 
Considering  the  thin  wall  and  the  depth  of  the 
water,  this  showing  was  unexpectedly  creditable. 
With  equally  good  aggregates,  full  theoretical  amount 
of  cement,  and  plastering  and  finish  coats  as  here 
used,  it  is  believed  that  water-tightness  is  within 
the  powers  of  any  careful,  conscientious  and  intelli- 
gent crew. 

Method  of  Construction. — A  special  steel  form  out- 
fit made  by  the  Polk-Genung-Polk  Co.,  Fort  Branch, 
Md.,  was  used  on  the  tower  and  tank  wall.  Material 
was  hoisted  on  a  swinging  crane,  mounted  on  the 
steel  forms  in  a  2  cu.  ft.  V-shaped  dump  bucket.  A 
2-lever  Louden  barn  hoist  of  very  light  construction, 
operated  by  a  3-Hp.  gas  engine,  was  used  with  very 
satisfactory  results. 

Material  for  the  tank  floor,  roof  and  plaster  was 
also  hoisted  on  the  crane,  the  centermast  of  the  form 
outfit  passing  through  the  8-in.  riser  pipe,  while  a 
small  hole  was  left  through  the  floor  for  the  hoist 
cable. 


Forms  for  the  floor  and  roof  were  of  trapezoidal  1- 
in.  boards  on  16  2-in.  x  6-in.  rafters.  The  same  ma- 
terial was  used  for  floor  and  roof  forms,  with  very 
slight  alterations,  after  which  the  boards  were  used 
in  the  boxing  for  the  riser  pipe. 

Pouring  the  floor  proved  to  be  the  most  exacting 
part  of  the  work.  It  is  worth  while  to  take  every 
possible  precaution  to  ensure  a  steady  and  continu- 
ous run  for  the  floor.  Pouring  a  portion  of  the  wall 
as  a  monolith  with  the  floor  is  a  desideratum  often 
striven  for  but  seldom  attained.  It  is  well  to  have 
ready  strips  of  sheet  metal  about  4  in.  wide,  crimped 
together  at  the  joints,  to  be  placed  half  in  and  half 
out  of  the  concrete  on  the  center  line  of  the  wall  at 
the  joint  between  floor  and  wall,  and  for  a  couple  of 
the  lower  joints  in  the  wall  concrete.  The  top  of  each 
run  was  thoroughly  flushed  with  water,  lightly 
sprinkled  with  dry  cement  and  thinly  covered  with  a 
creamy  neat  cement  before  depositing  the  regular 
mixture.  The  slightest  relaxation  in  the  care  with 
which  such  details  are  attended  to  may  result  in 
serious  trouble. 

Riser  Pipe  and  Boxing. — The  riser  pipe  is  8  in.  cast 
iron  water  pipe,  with  flanged  connections.  It  was 
erected  in  20-ft.  lengths  with  block  and  tackle,  with- 
out the  use  of  staging.  The  short  length,  at  the  top 
(Fig.  1),  was  concreted  into  the  floor  and  had  no 
structural  connection  with  the  pipe  from  below,  the 
weight  of  which  rested  on  a  concrete  saddle  placed 
underneath  the  tee  in  the  supply  main  at  the  foot 
of  the  riser. 

A  Dayton  expansion  joint  was  slipped  over  the  two 
plain  ends,  making  an  easily  applied  and  inexpensive 
connection.  This  type  of  joint  is  not  recommended 
by  the  makers  for  heads  in  excess  of  30  ft. 

After  a  coating  of  tar  paint,  the  pipe  was  boxed 
in  a  tripe  lagging  of  1-in.  boards  separated  by  lath 
and  two  layers  of  tar  paper. 

In  extremely  cold  weather  it  is  intended  to  pass 
the  heat  from  a  small  stove  up  into  this  boxing.  With 
the  air  tight  concrete  tower  enclosing  stove  and  riser, 
a  marked  saving  in  fuel  and  attention  required  is 
anticipated.  Indeed  it  seems  as  if  the  riser  pipe  box- 
ing could  almost  as  well  be  dispensed  with  entirely 
in  a  tower  of  this  sort. 

In  small  villages  this  tower  space  may  be  utilized 
in  various  ways,  as  for  drying  out  fire  hose  by  hang- 
ing it  up  endwise,  storage  of  property,  or  for  a  jail 
cell.  An  application  which  will  prove  very  econom- 
ical is  to  house  the  jumping  machinery  in  the  base 
of  the  tower,  thus  saving  the  full  cost  of  the  pump 
house  superstructure. 

Cost. — This  structure  was  built  in  an  inland  town 
2^2  miles  from  a  railroad.  Sand  was  the  only  mate- 
rial not  shipped  in  and  hauled.  The  contract  price 
was  $3,100. 


New  England  W.  W.  Assoc.  Meeting  Sept.  11  and  12. 

— The  customary  fall  convention  of  the  New  Eng- 
land Water  Works  Association  has  been  abandoned 
on  account  of  the  war,  and  instead  a  business  meet- 
ing is  being  held  at  Boston,  Mass.,  Sept.  11  and  12. 
This  will  be  a  win-the-war  meeting.  Its  paper.s  and 
discussions  will  be  devoted  especially  to  problems  of 
conservation,  fuel  economy  and  problems  resulting 
from  the  high  cost  of  materials  and  labor.  The  head- 
quarters will  be  at  the  association  rooms,  715  Tre- 
mont  Temple,  and  the  meeting  will  be  in  Chipman 
Hall  on  the  floor  below. 
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The  Automatic   Superdani  of  the 

Gun  Powder  Kiver  Water 

Supply  of  IValtiinore 

In  order  to  avuiti  injury  to  the  \siiterpower  of  a 
mill  the  Lock  Raven  Dam  of  the  water  supply  sys- 
tem of  Baltimore,  Md.,  was  topped  o(T  with  an  auto- 
matic superdam  or  tiltiiiR  dam.  The  masonry  dam 
was  completed  on  Nov.  1,  1913,  to  an  elevation  of  183 
ft.  A.M.T.  The  tiitini?  dam  was  installed  last  year 
and  brings  this  elevation  to  192  ft.  A.M.T.  An  in- 
teresting description  of  the  design  and  construction 
features  of  this  tilting  dam  are  given  by  Mr.  V.  Ber- 
nard Siems.  Pitometer  Engineer,  Baltimore  City 
Water  Department,  in  a  paper  presented  at  the  St. 
Louis  Convention  of  the  American  Water  Works  As- 
sociation.    An  abstract  of  the  paper  follows: 

The  present  spillway  has  a  length  of  321  ft.  at  ele- 


Dvalened    to   till 

•t  ^lovalton 
l»IO  tl.  A  MX 
191  R  n.  A  M  T 
l»«  0  ft.  A  M  T 
1»4.'.  ft  A  M  T 
194  '(  ft  A  M  T 
U6.5    ft.    A  .M  T, 


MT 
I'M  ::  fi  A  MT 
1M.«»  ft.  A.M.T 


Details  of  Tiltinic  Dam. — All  sections  are  4  ft.  high 

(top  of  spillway  to  crest  of  movable  dam)  except 
Secti<in  1,  which  is  3  ft.  9  in.  in  height.  The  reason 
for  making  .Section  1  (composed  of  four  12-ft.  and 
one  9-ft.  sections,  a  total  length  of  spillway  of 
57  ft.,  all  at  elevation  191.75  A.M.T.)  lower  than  the 
others  was  because  of  the  desire  to  confine  the  nor- 
mal water  (low  up  to  192  ft.  A.>LT.,  also  logs,  etc., 
to  center  of  stream.  Section  2  was  designed  to  tilt 
under  the  minimum  head  of  1.5  ft.  because  the  in- 
take channel,  having  an  approximate  elevation  of 
170  ft.  A.M.T.  at  the  gate  hou.se,  starts  opposite  this 
location    (Sec.  2),  and  therefore  by  an  increased  ve- 


Detalls   of    Tilting    Da 


vation  188  ft.,  and  as  this  crest  has  keyways  for  fu- 
ture raising  of  dam  the  center  one  was  utilized  for 
the  location  of  the  anchor  block,  which  in  turn  acts 
as  pivot  for  the  tilting  dam. 

To  provide  a  tilting  or  otherwise  movable  super- 
dam  in  this  spillway,  in  one  unit,  was  impracticable 
for  structural  reasons.  More  so,  however,  was  this 
undesirable  from  the  standpoint  of  waste  of  water. 
The  tilting  dam  was  arranged  so  that  a  portion  would 
tilt  when  the  water  reached  an  elevation  of  193.5  ft. 
A.M.T.,  a  depth  of  1.5  ft.  of  water  on  crest  of  mov- 
able dam.  If  the  Hood  continued  to  rise,  other  por- 
tions tilt  in  turn  at  different  elevations. 

The  width  of  spillway  was  divided  into  27  units 
or  separate  dams,  numbered  from  1  to  0.  Each  num- 
bered section  is  arranged  to  tilt  at  a  different  height 
of  water  over  crest.  The  summary  below  shows  the 
number  of  each  kind  of  unit,  and  head  under  which 
they   are   designed   to  tilt: 


locity.  due  to  the  water  being  confined  to  this  loca- 
tion, the  deposit  of  silt  at  end  of  tilting  dam  will 
be  kept  away  from  this  channel  and  also  the  chan- 
nel to  -18-in.  sluice  gate,  whereas  if  No.  1  was  made 
to  tilt  at  the  minimum  head  the  deposit  of  silt  would 
fill  the  entrance  to  channel. 

The  original  topography  of  the  river  necessitated 
the  excavation  of  a  channel  from  the  original  stream 
bed  in  order  to  bring  the  water  to  gate  house  at  the 
lowest  elevation.  The  form  of  dam  chosen  was  that 
of  an  obtuse  triangle,  pivoted  at  the  obtuse  angle, 
and  forming  a  typical  hollow  or  framed  dam.  As 
the  water  rises  on  a  .tection  its  center  of  pressure 
on  the  inclined  dam  surface  also  rises,  and  event- 
ually the  pressure  normal  to  the  back  will  strike 
through  the  hinge.  At  this  time  neglecting  the 
weight  of  dam,  the  structure  will  be  in  neutral 
equilibrium.  As  the  pressure  rises  still  further,  the 
normal    strikes    above    the    hinge,    and    tilting    takes 
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place,  the  dam  falling  to  take  its  second  or  open  po-  EleCtrically        Operating         ScWagC 

Test  of  Dams  Under  High  Water  Conditions.— The  Pumpillg  StatlOHS  of  WaterloO,  la. 

dams  have  been  subjected  to  high  water  conditions,  As  cities  expand  and  more  territory  is  added,  it 
and  sections  Nos.  1,  2  and  part  of  3  have  tilted,  frequently  happens  that  these  additions  are  at  a  lower 
Upon  subsidence  of  the  water  these  dams  returned  elevation  than  the  e.xisting  sewers,  thus  necessitat- 
to  their  normal  positions.  In  many  cases  the  eleva-  jng  the  lifting  of  the  sewage  from  the  new  annexa- 
tion varied  from  0.3  ft.  to  0.6  ft.  lower  than  that  for  tions.  At  Waterloo,  la.,  this  problem  is  being  han- 
which  they  were  designed.  There  can  be  numerous  died  by  three  small  pumping  stations.  An  interest- 
reasons  for  this;  i.  e.,  as  the  water  subsides  and  ing  description  of  these  stations  was  given  by  Mr.  G. 
reaches  near  elevation  188  ft.  A.M.T.  foreign  mat-  h.  Kilpatrick,  Assistant  City  Engineer,  in  a  paper 
ter  lodges  at  the  toe,  and  when  dam  drops  back  it  presented  at. the  last  annual  meeting  of  the  Iowa  En- 
sets  on  this  obstruction,  thereby  throwing  it  for-  gineering  Society,  from  which  the  matter  in  this  arti- 
ward.     This  is  also  the  case  when  warping  of  tim-  de  is  taken. 

ber   decking   at   toe    and    at    ends     of    section    takes  ^edar  River  Park  Station.— Cedar  River  Park,  con- 

placfe.     In  both  cases  the  tendency  is  to  decrease  the  taining  approximately  30  acres,   was  annexed  to  the 

head    necessai-j-    for   tilting.      The    friction    and    cor-  city  in  1913  and  in  the  early  summer  of  1914  plans 

rosion  at  pin  also  offer  resistance  to  tilting.  ^ere  made  to  relieve  the  sanitary  conditions.     It  was 

It    is    interesting    to    note    that   as    dams    tilt,  I-  found    that    a    greater    part    of    the    new    annexation 

beams    and    timber    decking    offer    some    obstruction  could  be  served  by  extending  the  present  sewer  sys- 

to  stream.     This  is  especially  true  as  the  water  sub-  tern  and  that  a  part  would  have  to  be  taken  care  of 

sides.     The  free  waterway  from  bottom  of  lower  I-  through  a  lift  station.    The  part  of  the  addition  from 

beam  to  concrete  top  of  dam  (elev.  188  ft.  A.M.T.)  is  which   the   sewage   had   to   be   lifted   will    ultimately 

1  ft.  2  in.,  giving  an  opening  of  1.2  ft.  x  321  ft.  or  consist  of  102  dwellings. 

385  sq.  ft.,  obstructed  only  by  upright  framing  of  It  was  estimated  on  the  basis  of  each  family  of  5 
dam.  The  tilting  dam  usually  'drops  back  when  persons  using  80  gal.  per  capita  per  24  hours  that 
water  reaches  an  elevation  of  188.75  ft.  A.M.T.  or  40,800  gal.  would  have  to  be  pumped  daily.  It  was 
slightly  lower.  This  proves  conclusively  that  the  decided  to  install  an  American  Well  Works  sub- 
dams  are  entirely  automatic   in  their  action.  merged    centrifugal    pump,     motor     driven,     vertical 

Unique      Features     of      Bearing     Castings.  —  The  shaft,  type  CMD,  with  a  6-in.  suction  and  a  4-in.  dis- 

casting   used   as   bearings  for  the   dams   has   several  charge.     The  pump  is  driven  by  a  7I2-HP.,  60-cycle, 

unique    features.      The    center    keyway    on    top    dam  single-phase,  220-volt,  A.  C.  Wagner  motor  equipped 

was  utilized  for  the  anchoring  of  castings.     It  was  with   an   automatic   controlling    device.    The    lift    is 

necessary  to   cut   groove   to    14   in.   width   at   anchor  8.7  ft. 

blocks,  as  the  12-in.  original  groove  was  irregular  The  reservoir  is  rectangular,  8x12x12  ft.  The  walls 
in  alignment  and  did  not  give  room  for  lining  up  are  of  1:3:6  concrete  8  in.  thick,  with  li-in.  bars 
casting.  The  castings  for  anchor  blocks  are  differ-  spaced  18  in.  center  to  center.  The  floor  is  3  ft.  be- 
ent  for  each  section  of  frame.  Distance  from  back  low  the  inlet  pipe  and  is  of  the  same  class  of  con- 
face  of  keyway  to  pivot  for  Frame  1  is  4  5/16  in.,  crete  as  the  walls.  It  has  a  slope  of  3  in.  toward  the 
and  for  No.  6  8^^  in.  pump.    The  storage  below  the  inlet  is  2,160  gal.     The 

The  groove  for' a  width  of  6  in.  having  been  lined  roof  of  the  reservoir  is  8  in.  in  thickness  and  of  1:2:4 

up   on   the   upstream   side,  the   castings  were  all   set  concrete,    reinforced   with     -s-in.    round    corrugated 

with  reference  to  this  edge.     The  castings  are  three  bars,  spaced  6  in.     A  ^A-m.  iron  rung  ladder,  spaced 

in    number— a    center   block   with    hole   for   pin,    and  16  in.  center  to  center,  is  set  m  the  concrete  wall  of 

two    side    setting    pieces     and    wedges.      The    center  the   reservoir.     Two  vertical   screens  made  of  No.  4 

block  was  first  set  to  position,  then  the  side  pieces  galvanized  iron  wire  on  substantial  iron  frames,  held 

slid  in  and  tightened  against  the  sides  of  groove  by  i"  Place  by  grooves   in   concrete   pilasters   extending 

wedges.      After    aligning    and    wedging     in     position  4   ft.    above    the    floor   of   the   reservoir,    divided   the 

space  under  castings  was  filled  with  1 :2  grout,  and  PumP  from  the  main  part  of  the  storage 

spaces  between  side  pieces  and  block  were  filled  with  The  pump  house  is  9x9  ft.  inside  and  constructed 

lead      This  gives  absolutely  rigid  construction,   lim-  of  first  class  hard  brick  masonry.    It  has  a  frame  roof 

ited  only  by  the  strength  of  the  concrete  in  grooves  and  a  ventilator,  and  is  covered  with  asphalt  shingles, 

of  present  masonry  dam.  The  cost  of  this  station  was  as  follows: 

„  ,     ,  ,        „    ,,  i         i-  j^    it.  i-ii.'  Concrete  reservoh-   $    700 

The  total  cost  of  the  construction  of  these  tilting     Brick  p>;mp  house 265 

dams  amounted  to  approximately  $3,700.    This    work     Pumping  outfit,  complete ^ ■     sos 

was  originally  let  for  contract,  two  bids  being  filed.  Total  cost   .?].470 

one  for  $5,275  and  the  other  $9,280.     Since  the  esti-  Cedar  River  Park  still  continues  to  be  more  of  a 

mate   made   by   the   Water  Department   amounted   to  summer  home  addition  than   one  of  permanence,  al- 

$3,200,   the   bids   were    rejected,    and   the   work   done  though  each  year  a  number  of  new  modern  homes  are 

by  the   department's  forces   at  the   above   mentioned  built.     A  careful  census  of  this  sewer  district  taken 

figure.  in  the  early  winter  of  1917  shows  86  persons.     The 

By  the   construction    of   this   tilting   dam   and   the  record   of   operation    of   this   station   shows   that  the 

consequent   raising  of  the   water   surface   from  elev.  residents    served    have    been   "Hooverizing"   on    the 

188  ft.   to   192   ft.   A.M.T.,   a   considerable   saving   in  amount   of   water   used    for   sanitary   purposes.     The 

electric    power   consumption    at   the    low    lift    pump-  station  has  pumped  57  times  from  Jan.  20  to  Feb.  20, 

ing    station    was    realized;    e.    g.,    with    an    assumed  1918.     The  amount   of  sewage  was   65,136   gal.,   giv- 

pumpage  of  90,000,000  gal.  per  day  the  saving  was  ing  an  average  daily  amount  of  2,005  gal.  of  approxi- 

approximately  1,500  kw.  per  day,  or  547,520  kw.  per  mately  23.3  gal.  per  person. 

year,  which  at  a  cost  of  0.8  of  a  cent  per  killowatt  The  first  winter  after  this  station  was  put  in  opera- 
gives  a  saving  of  $4,380  per  year.  tion  considerable  trouble  was  experienced  from  freez- 
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ing  because  of  the  small  inflow  of  sewage.  A  hot 
water  radiator  was  suspoiideil  from  the  roof  <if  the 
reservoir  and  connected  with  a  gas  heater,  which  re- 
lieved this  trouble.  Since  that  time  more  connections 
have  been  made  to  the  system  entering  this  station, 
because  of  the  construction  of  a  number  of  modern 
homes,  and  the  increased  quantity  of  sewage  enter- 
ing the  reservoir  retains  enough  heat  to  keep  it  from 
freezing. 

The  odors  coming  from  the  reservoir  through  the 
ventilator  have  caused  some  discomfort  to  the  resi- 
dents living  near  the  station,  especially  in  warm 
weather.  It  would  be  advisable  to  provide  some  kind 
of  a  water  connection  into  a  station  of  this  kind  to 
which  a  hose  could  be  attached.  By  using  a  brush 
and  the  water  pressure  combined  on  the  sides  of  the 
walls  of  the  reservoir  and  on  the  pump,  the  cause  of 
those  (idiirs  might  be  removed. 

Fullerton  .\ve.  Station. — The  territory  served  by 
this  station  consists  of  but  31  residential  lots,  owing 
to  the  fact  that  the  tract  of  ground  is  now  enclosed 
on  three  sides  by  public  park  property.  At  the  time 
this  station  was  planned,  the  property  bounding  this 
tract  on  the  west  was  held  in  trust  and  it  was  uncer- 
tain as  to  what  might  be  done  in  the  way  of  subdivid- 
ing. It  was  estimated  that  there  would  be  .'?'-  times 
as  many  lots  platted  and  added  to  this  tract  as  were 
in  the  district  that  needed  immediate  sewage.  Esti- 
mating 5  persons  to  the  lot  using  50  gal.  per  person, 
times  3' J  for  the  proposed  additional  lots,  meant 
pumping  27,125  gal.  per  day. 

This  station  is  of  a  semi-submerged  type,  the  roof 
of  the  reservoir  being  4  ft.  below  the  natural  ground 
level.  The  reservoir  is  circular  in  design,  7  ft.  in  di- 
ameter, and  built  of  old  pavers  laid  in  rich  cement 
mortar  and  plastered  on  the  inside.  The  floor  of  the 
reservoir  is  3'^  ft.  below  the  inlet  and  the  storage 
capacity  is  1,010  gal.  The  pump  house  is  circular,  6 
ft.  in  diameter,  and  is  built  of  first  class  hard  red 
brick  masonry  and  has  a  galvanized  roof.  The  equip- 
ment consists  of  a  3ij-HP.,  60-cycle,  104-volt,  AC 
Century  motor  with  an  automatic  controlling  device, 
and  an  American  Well  Works  submerged  centrifugal 
pump  No.  3,  vertical  shaft,  type  CMD,  with  3-in.  suc- 
tion and  3-in.  discharge.  The  lift  is  11. ()2  ft.  The 
cost  of  this  station  complete  and  ready  for  operation 
was  $922. 

Considerable  trouble  was  experienced  in  excavat- 
ing for  the  reservoir.  The  soil  to  a  depth  of  about 
8  ft.  was  sand  loam,  underlaid  with  a  bed  of  granite 
boulders,  ranging  from  4  to  12  in.  in  diameter,  very 
closely  cemented  with  clay.  Underlying  these  boul- 
ders was  a  lime  rock  of  stalagmatic  formation  to  a 
depth  of  7  ft.  It  was  necessary  to  keep  a  pump  work- 
ing while  this  rock  formation  was  being  removed. 
At  the  center  in  the  bottom  of  this  reservoir  excava- 
tion there  was  a  seam  in  the  rock  through  which  the 
water  boiled.  In  laying  the  C-in.  concrete  floor  in 
the  reservoir  some  difliculty  was  experienced  on  ac- 
count of  this  water  pressure.  Three  thicknesses  of 
heavy  canvas  were  laid  on  the  rock  in  an  endeavor  to 
overcome  this  pressure.  This  was  not  a  success,  and 
at  the  place  where  the  water  pressure  was  greatest 
a  piece  of  concrete,  2x2  ft.,  was  removed.  The  scam 
in  the  rock  was  then  driven  full  of  untreated  yarn, 
and  several  additional  layers  of  canvas  placed  over 
the  seam,  and  the  opening  again  filled  with  concrete. 
This  failed  to  hold  the  pressure,  and  another  open- 
ing was  made.  A  2-in.  pipe  was  placed  at  the  point 
where  the  water  boiled  the  hardest,  and  the  opening 
in  the  concrete  again  filled.  This  plan  worked  suc- 
cessfully.    Later  the  pipe  was  cut  off  and  capped. 


The  puniping  record  of  this  station  from  Jan.  20 
to  Feb.  20.  1918,  shows  15,302  gul.  were  pumped,  or  a 
daily  average  of  510  gul.  There  are  at  pre.sent  20 
people  served  by  this  station,  which  gives  a  daily 
average  of  25.5  gal.  per  capita. 

Falls  .Ave.  .Station. — This  station  was  planned  to 
take  care  of  a  large  tract  of  land,  which  is  separated 
from  the  city  of  Waterloo  by  Black  Hawk  Creek,  and 
for  the  niost  part  is  at  so  low  an  elevation  that  a  lift 
of  18  ft.  is  necessary.  The  system  is  planned  to  be 
a  separate  system  and  the  sewage  from  a  future  pop- 
ulation of  10,250  is  to  be  handled  through  this  sta- 
tion. All  surface  water  is  to  be  taken  care  of  by  a 
storm  sewer. 

In  estimating  the  ((uantity  of  sewage  this  station 
must  handle  the  same  number  of  persons  per  lot  and 
the  same  number  of  gallons  per  person  were  used 
as  for  the  Fullerton  Ave.  Station. 

The  reservoir  is  rectangular,  8x12x20  ft.  The 
walls  are  8  in.  in  thickness  of  1 :3:6  concrete  and  have 
a  batter  of  9  in.  in  20  ft.  The.sc  walls  are  reinforced 
with  four  ^i-in.  horizontal  bars,  three  ''H-in.  square 
horizontal  bars,  and  three  '-.'-in.  square  horizontal 
bars,  all  spaced  2  ft.,  with  '..-in.  vertical  bars  spaced 
3  ft.  All  bars  were  placed  2  in.  from  the  inner  face 
of  the  walls.  The  roof  of  the  reservoir  is  reinforced 
with  'j-in.  square  bars  placed  1'^  in.  above  the  bot- 
tom of  this  roof  slab.  This  roof  has  a  projection  of 
6  in.  on  all  sides  and  is  10x14'. •  ft.  x  8  in. 

The  pump  house  is  8x12  ft.  inside  and  built  of  first- 
class  red  brick  masonry,  laid  with  lime  and  cement 
mortar.  The  floor  has  2  manhole  openings  and  2 
openings  for  pump  installations.  A  window  was 
placed  in  each  of  3  sides  and  a  3':;x7-ft.  door  on  the 
street  side. 

The  present  pumping  unit  consists  of  a  5-HP.,  60- 
cycle,  3-phase,  900-RPM.  Lincoln  motor,  and  a  400- 
GPM  American  Well  Works  submerged  centrifugal 
pump,  vertical  shaft,  type  CMU,  having  a  4-in.  suc- 
tion and  a  4-in.  discharge,  and  is  controlled  by  an 
automatic  starting  and  stopping  device.  A  vertical 
screen,  having  a  2-in.  mesh  and  made  of  No.  6  gal- 
vanized iron  wire  on  a  substantial  iron  frame,  and  a 
6-in.  partition  wall,  separate  the  pump  wells  from 
the  main  part  of  the  reservoir.  The  screens  are  held 
in  place  by  grooves  in  the  concrete  partition  and 
pilasters  at  the  sides  of  the  walls  of  the  reservoir. 
The  pump  wells  are  3.66x4x6  ft. 

A  12-in.  gate  valve  is  set  in  the  wall  of  the  reser- 
voir at  such  an  elevation  that  it  will  be  possible  at  all 
times  of  the  year  to  thoroughly  flush  the  reservoir 
with  water  from  Black  Hawk  Creek.  A  tight  plank 
floor  was  placed  6  ft.  below  the  roof  of  the  reservoir. 
The  total  cost  of  this  station  was  $2,775. 

At  the  present  time  there  is  but  one  residence  con- 
nected to  the  system  leading  into  this  station,  but  all 
of  the  factory  waste  and  the  sewage  of  the  William 
(ialloway  Co.  factories  and  offices,  and  several  other 
closely  connected  factories,  is  handled  through  the 
station.  The  station  is  handling  L2C.().000  gal.  per 
month,  or  a  daily  average  of  42,000  gal.  from  884 
employes,  or  47.6  gal.  per  person. 

The  construction  of  this  station  caused  consider^ 
able  aggravation  to  the  contractors  and  nil  concerned 
for  two  reasons:  first,  the  bottom  of  the  reservoir  ia 
5  ft.  below  low  water  in  Black  Hawk  Creek,  which  ne- 
cessitated the  use  of  double  sheeting  and  two  centri- 
ugal  pumps;  and  second,  the  reservoir  and  pump  house 
were  built  in  freezing  weather,  which  required  the 
heating  of  all  materials  and  the  use  of  salamanders. 
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Method   of    Recovering   a  "Lost" 
Pump  from  Deep  Well 

A  "fishing  tool."  consisting  of  two  rings,  was  em- 
ployed by  the  Water  Department  of  Mason  City,  la., 
in  recovering  a  turbine  pump  which  had  dropped 
down  a  deep  well.  The  method  was  described  by  Mr. 
W.  A.  Judd,  Superintendent  of  Water  Works,  in  the 
June  Journal  of  the  American  Water  Works  Associa- 
tion. The  well  starts  with  a  19-in.  hole  which  con- 
tinues for  225  ft.  At  that  point  the  diameter  is  re- 
duced to  16  in.  and  at  540  ft.  it  is  again  reduced  to 
12  in.  The  well  is  1,200  ft.  deep.  In  this  well  is  in- 
stalled a  5-stage  17-in.  American  deep-well  motor- 
driven  turbine.  The  turbine  proper  is  about  90  ft. 
below  the  well  curb  and  below  the  turbine  are  two 
lengths  of  9-in.  suction  pipe.  Water  normally  stands 
in  the  well  about  85  ft.  below  the  curb  and  pumps 
down  about  7  ft.  when  yielding  1,200  gal.  per  minute. 

The  pump  is  overhauled  each  year.  On  New  Year's 
day,  1917,  the  pump  had  been  lowered  together  with 
four  lengths  of  discharge  pipe,  shaft  casing  and 
shafting.  The  fifth  length  of  shafting  had  been 
screwed  up  tight  and  the  fifth  shaft  casing  was  being 
set  up  solid  when,  without  any  warning,  casing  and 
shaft  disappeared  through  the  discharge  pipe  and 
with  the  pump  and  two  lengths  of  discharge  pipe 
went  down  to  find  a  resting  place  on  the  ledge  225 
ft.  below  the  surface.  The  two  remaining  lengths  of 
discharge  pipe  were  pulled  out  and  it  was  found  that 
in  making  up  the  shaft  casing  joint,  the  discharge 
pipe  had  worked  loose  from  the  flange. 

An  attempt  was  made  to  couple  on  to  the  shafting, 
which  projects  about  a  foot  above  the  bearings.  One 
of  the  shaft  couplings  was  taken  to  a  machine  shop 
and  the  threads  recut  to  make  a  loose  fit.  One  end 
was  tapered  out  on  the  inside  and  the  other  end  was 
cut  down  to  take  a  2-in.  pipe  coupling.  On  the  bot- 
tom was  soldered  a  heavy  funnel  to  center  the  cou- 
pling over  the  shaft.  Two-inch  pipe  was  then  cut 
into  about  10-ft.  lengths  for  ease  in  handling  and 
threaded.  Because  the  shafting  has  a  left-hand 
thread,  it  was  necessary  to  drill  each  pipe  coupling 
after  the  joint  was  made  up  and  pin  the  pipe  and 
coupling  together.  This  was  a  tedious  process,  but 
finally  the  funnel  was  heard  to  strike  the  shaft.  It 
was  then  raised  and  lowered  a  few  times  to  be  sure 
of  centering  and  the  men  began  to  twist  the  pipe  to 
the  left.  After  several  attempts,  it  seemed  to  take 
hold  and  hoisting  was  attempted  with  an  8-ton  chain 
hoist  which  hangs  from  a  trolley  running  on  a  15-in. 
I-beam  near  the  roof  of  the  pump  house.  From  the 
hard  pull,  it  was  known  that  the  coupling  caught  hold 
of  the  shaft,  but  at  about  the  third  pull  on  the  chain, 
the  coupling  became  loose  and  for  a  day  the  men 
fished  continuously  without  getting  another  nibble. 
The  string  of  pipe  was  then  pulled  out  and  it  was 


found  that  the  funnel  had  bent  over,  allowing  the 
shaft  to  center  in  the  funnel  to  one  side  of  the 
coupling.  A  heavier  funnel  was  built,  reinforced 
with  steel  ribs  and  bands,  but  even  with  this  there 
was  no  luck,  the  shaft  turning  every  time  the  threads 
engaged. 

The  method  employed  with  the  2-ring  fishing  tool 
was  as  follows:  The  small  end  of  the  funnel  was  cut 
off  so  the  hole  through  it  was  about  5  in.  in  diameter. 
A  fork  was  made  to  which  the  funnel  was  riveted. 
Above  the  fork  was  welded  a  piece  of  2-in.  shafting 
3  ft.  long  in  such  a  way  that  when  the  shaft  and  fun- 
nel were  vertical,  the  face  of  the  steel  was  about 
2V2  in.  from  a  vertical  line  drawn  through  the  cen- 
ter of  the  funnel.  On  the  back  of  this  bar,  two  ears 
were  welded  and  punched  for  a  1-in.  bolt.  Two  open 
rings  were  made,  5  in.  in  diameter,  of  -^i-in.  square 
steel  with  the  ends  bent  back,  flattened  out  and 
punched  for  a  1-in.  bolt.  The  top  of  the  bar  had  a 
piece  of  2-in.  pipe  welded  to  it,  the  rings  were  bolted 
to  their  places  and  wired  together  so  they  would 
move  together  on  the  bolts  and  a  light  wire  was  fast- 
ened to  the  top  ring  to  hold  them  in  a  horizontal  po- 
sition. 

The  whole  apparatus  was  then  lowered  into  the 
well  with  the  same  2-in.  pipe,  the  wire  being  paid  out 
as  the  tool  descended.  The  funnel  centered  the  tool 
over  the  shaft  casing  all  right,  but  when  the  rings 
were  dropped  by  slacking  on  the  wire,  they  did  not 
bite  into  the  casing  enough  to  stand  a  pull  so  the  tool 
was  again  pulled  out,  a  tool-steel  face  put  on  the 
the  rings  and  then  notched.  A  piece  of  flat  tool  steel 
was  welded  to  the  face  of  the  vertical  bar,  and  -n  it 
were  cut  some  teeth,  making  it  look  like  a  wood  rasp. 
The  tool  was  again  lowered  and  caught  hold  of  the 
shaft  casing  with  a  grip  that  scarcely  anything  could 
disengage.  At  the  first  pull  it  was  evident  that  the 
pump  was  wedged  tightly  into  the  well,  for,  instead 
of  the  pump  rising,  the  I-beam  above  was  bending. 
Men  were  sent  for  props  to  put  under  the  beam,  but 
while  they  were  gone  the  tension  on  the  hoist  sud- 
denly slackened,  showing  that  the  pump  was  loose  in 
the  well  and  pulling  was  tarted.  After  pulling  con- 
tinuously for  several  hours  the  pump  was  landed  on 
blocking  on  the  well  curb. 


Tentative  Standards  for  Sewage  Treatment 

standards  for  sewage  treatment  for  industrial  hous- 
ing developments  are  summarized  by  the  Engineering 
Division  of  the  Bureau  of  Industrial  Housing  and 
Transportation  of  the  U.  S.  Department  of  Labor  in 
its  tentative  instructions  to  designers  of  sanitary 
facilities  for  the  developments.  The  following  tabula- 
tion from  the  instructions,  show  the  suggested  prac- 
tice ordinarily  applicable.  The  conclusions  given  are 
stated  to  be  tentative  only,  and  local  considerations 
may  alter  the  figures  in  any  given  case. 


TAEI.F.     SHOWING     TENATIVE     STANDARDS     FOR    SEWAGE     TREATMENT. 


Separate   sewers. 

Grit    chambers    Velocity  of  flow.  S  in. 

to  2  in.  per  second. 
Capacity. 
Separation  and  sedimentation  compartments.  2   cu.   ft.   per  capita. 

Sludge  digestion  compartments   About    2   cu.    ft.    per 

capita  (snnall  cities 
5,000   and  under). 

Sludge  beds    0.1  sq.  ft.  per  capita. 

Trickling  filters  tor  about  6  ft.  depth   30.000  pop.   per  acre. 

Contract  beds  for  about  4  ft.  depth   3,000  pop.  per  acre. 

Sand  filters  (natural  conditions  only  ar- 
tificially improved).     Depth  about  3  ft 1,800  pop.  per  acre. 

Sand  filter  (high  grade  selected  sands  and 
gravels,  fully  built  up  along  water  works 
standard  lines).     Depth  about  3^2  ft 2,500  pop    per  acre. 


For  fresh  sewage  4  to  7  hours  old,  still 
containing  dissolved  oxygen. 


Combined    sewers. 

Velocity  of  flow.  8  in. 

to  2  in.  per  second. 

Capacity. 

3   cu.    ft.    per  capita. 

.\bout    2    en.    ft.    per 

capita  (small  cities 

5,000   and   under). 

0.15  sq.  ft.  per  capita. 

20.000  pop.   per  acre. 

2,500  pop.  oer  acre. 


For  old   or  decomposed   sewage   6    to   25 

hours  old,  devoid  of  dissolved  oxygen. 

Separate  sewers.  Combined   sewers. 

Velocity  of  flow,  S  in.    Velocity  of  flow.  8  in. 

to  2  in.  per  second.  to  2  in.  per  second. 

Capacity.  Capacity. 

2.22  cu.  ft.  per  capita.  3.33  cu.  ft.  per  capita. 

About    2    cu.    ft.    per     About    2    cu.    ft.    per 


capita  (small  cities 
5.000   and   under). 

0.3  sq.  ft.  per  capita. 

20.000  pop.   per  acre. 

2,500  pop.  per  acre. 


capita  (small  citie 
5,000    and   under). 

0.4  sq.  ft.  per  capita. 

12.500  pop.  per  acre. 
2.000  pop.  per  acre. 


1.500  pop.  per  acre.        1,300  pop.  per  acre.       1,000  pop.  per  acre. 


2,000  pop.  per  acre.       2,000  pop.  per  acre.        1,600  pop.  per  acre. 
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Labor  Cost  of  Constriuting  4  ft. 
Brick  Sewer  in    runnel 

During  iyi7  the  city  of  Toronto,  Ont.,  constructed 
1,4-10  ft.  of  storm  sewer  in  Pape  Ave.,  extending  from 
Danforth  Ave.  to  the  northern  city  limits.  The  .sewer 
is  circuliir  in  shape,  -I  ft.  inside  dimensions,  and  is 
made  of  two  rings  of  brick,  the  total  thickness  of  the 
walls  being  9  in.  The  construction  features  of  this 
sewer  were  described  by  Mr.  K.  T.  Grant  Jack,  who 
was  resident  engineer  for  the  city,  in  a  recent  issue 
of  the  Canadian  Engineer,  from  which  the  matter  in 
this  article  is  abstracted. 

The  usual  borings  were  taken  along  the  line  of 
sewer,  and  very  hard  blue  clay  was  found  at  the  eleva- 
tion of  the  sewer,  up  to  a  point  about  500  ft.  north 
of  Danforth  Ave.  North  of  this  point,  wet  sand  was 
found;  therefore,  two  designs  were  adopted,  one  with 
circular  base  for  good  ground  and  the  other  with  a 
square  base  to  be  used  where  soft  ground  was  en- 
countered. 

Construction  Methods. — Work  was  commenced  at  sta- 
tion 3  -r  00,  where  shaft  No.  1  was  sunk  and  tunnels 


Details    of    Oetign    of    Lock. 

carried  north  and  south.  The  excavated  material  was 
conveyed  to  the  shaft  in  cars,  hoi.sted  by  a  derrick, 
dumped  into  wagons  and  carted  to  a  city  dump  for  use 
as  "fill."  The  construction  material  was  carried  into 
the  heading  on  the  same  cars.  The  clay  was  so  hard 
that  it  necessitated  the  use  of  dynamite.  Very  little 
timbering  was  required,  but  if  the  clay  was  exposed 
to  air  for  any  length  of  time,  it  would  shell  off  in  large 
pieces,  so  two  or  three  crown  planks  were  used  for 
protection  <>f  the  workmen. 

After  the  south  heading  had  been  driven  to  the  end, 
a  drop  connection  was  made  in  tunnel  with  the  exist- 
ing storm  sewer  on  Danforth  Ave. 

In  the  north  heading  it  was  found  to  be  loo  ex- 
pensive to  continue  operation  after  station  4  ^  95  was 
reached,  as  the  ground  changed  very  rapidly  from  the 
hard  clay  to  wet  sand.  The  remainder  of  the  work, 
950  lin.  ft.,  was  carried  on  from  station  8  -^  85  where 
shaft  No.  2,  12  ft.  x  10  ft.,  was  sunk;  but  on  reaching 
the  elevation  of  the  arch  of  sewer,  it  was  found  that 
the  sand  was  very  wet  and  that  it  would  be  almost 
impossible  to  do  any  tunneling  without  the  aid  of 
compressed  air.  It  was  decided  to  install  an  air  com- 
pressor, and  the  shaft  was  enlarged  to  05  ft.  x  10  ft., 
to  allow  frtr  the  construction  of  locks.  In  the  last  7 
ft.  of  excavation,  tongued  and  grooved  sheeting  was 
used,  driven  down  1  ft.  below  subgrade.  This  facili- 
tated excavation  and  reduced  the  amount  of  water. 

In   constructing   the    locks,   a    concrete    slab    was 


placed  and  braced  down;  when  thin  concrete  wan  well 
set  the  invert  forms  were  plaee<!  and  more  concrete 
poured.  When  this  had  set  sufficiently  to  allow  the  re- 
moval of  forms,  they  were  reversed  and  used  for  the 
arch.  Prior  to  placing  concrete  in  the  arch,  all  the 
pipes  for  the  air  lines  and  the  iron  frames  for  the 
lock  doors  were  put  in  place,  s()  that  a  bond  would  be 
obtained  between  the  iron  and  concrete,  thereby 
eliminating  any  loss  of  air  at  such  points. 

After  the  locks  were  completed,  the  trench  was 
back-filled,  care  being  taken  that  it  was  tamped  and 
watered  well,  so  that  the  least  possible  amount  of  air 
would  be  lost. 

Two  compressors  were  put  in  place,  so  that  if  one 
was  not  able  to  supply  sufficient  air,  the  second  could 
be  used.  It  was  found  necessary  to  use  the  two  nearly 
all  the  time  owing  to  loss  of  air  through  private  drains 
which  connected  the  houses  on  the  east  side  of  the 
street  to  the  local  sewer. 

With  the  aid  of  the  compressed  air,  very  good  head- 
way was  made  and  the  888  ft.  of  sewer  were  com- 
pleted in  less  than  7  weeks.  Three  of  the  five  man- 
holes were  partly  constructed  from  below  and  after- 
wards excavated  from  the  surface  and  finished. 

The  method  of  construction  was  practically  the 
.same  as  in  the  first  section.  As  material  excavated 
was  sand,  sheeting  of  the  crown  was  required  through- 
out. The  square  base  design  was  used  so  that  when 
the  compressed  air  was  removed  there  would  be  a 
good  bearing  surface  for  the  sewer,  with  less  danger 
of  settlement  of  the  sewer  after  the  water  returned. 

The  entire  contract  was  executed  by  the  Fussell 
and  McReynolds  Co.,  Limited,  Toronto,  and  was  com- 
pleted in  4' J  months.  The  work  was  under  the  di- 
rection of  the  Works  Department  of  the  city  of  To- 
ronto, of  which  R.  C.  Harris  is  Works  Commissioner, 
and  George  Powell,  Principal  Deputy  City  Engineer. 
W.  R.  Worthington  is  engineer  of  sewers;  W.  G.  Cam- 
eron, engineer  of  maintenance  and  construction;  and 
W.  S.  Harvey,  engineer  in  charge  of  design. 

Unit  Costs. — In  the  following  unit  costs,  for  con- 
venience a  "key"  is  used  in  reference  to  the  distribu- 
tion of  labor,  as  follows: 

A— .<iiikiiiir  and  tlmlicrliiK  «ha(l«. 

I-  -  l:;..  k    lllllliK. 

i^  I'l.i.  Jill,-  formii  and  coni-r»tlnit. 

.1      luii.i.ini.-   wnt«-r. 

K — Ilrukwuik. 

N— .MiiiliiK. 

I'  — Mati-rlul  handllnc. 


•  >i  .wrn 
t.  iwo-rlnic  liru-k  ii»w<t 
invatlofi    in   tunnel    ... 

I  .i\.,n..u    III    Hhiirt 


lllf  |ilp»   ichiimbrri 

I'NIT  COSTS  I.V   Hori<8.  SHAFT  No. 


4M 

Iln.  n 

4tS 

cu.  )ll. 

U.l 

ou.  yd 

iU 

cu.  yd 

JM 

cu.   rd. 

:.< 

cu.  yd. 

\>3 

•?J 

'■  n 

Imsa 

US 

cu.  yd. 

u 

ft. 

AFT  NO. 

1 

Hoora 

Boura 

p*!*  cu.  yd 

pwlin.n. 

l.M 

I.S 

.77 

.0« 

I.Srt 
I  <0 
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30,  No.  11. 


Enerineer 

K 

231 

1.12 

.47 

Labor 

K 

1.432 

7.00 

2.90 

Engineer 

Q 

...      54 

.11 

Labor 

Q 

. . .  .       S5 

.18 

Teams 

Q 

. . . .       85 

.18 

UNIT  COSTS 

IN  HOURS, 

SHAFT  NO.  2. 

Time 

Hours 

Hours 

Item. 

Distribution 

in  hours. 

per   cu.  yd. 

perlin.  ft 

Foreman 

A 

....    200 

.43 

Teams 

A 

70 

.15 

Labor 

A 

....1.760 

3.80 

Engineer 

A 

105 

.23 

Eoreman 

E 

. . . .       40 

.65 

Engineer 

E 

15 

.25 

Labor 

E 

. ...    470 

7.70 

Foreman 

N 

. ...    580 

.64 

.65 

Engineer 

N 

512 

.57 

.58 

Miners 

N 

....1.620 

1.80 

1.84 

Labor 

N 

2,457 

2.73 

2.75 

Teams 

D 

488 

.54 

.55 

Bricl^layers 

K 

....     816 

1.56 

.86 

K 

....3,860 

7.40 
.93 

4.06 

Engineer 

K 

488 

.51 

Operators 

S 

522 

.58 

Operators 

T 

546 

1.04 

.63 

Oilers 

U 

212 

.24 

.24 

Oilers 

V 

200 

.40 

.22 

Engineers 

J 

201 

.21 

Labor 

J 

. . . .       90 

.10 

Foreman 

z 

. . . .      40 

.04 

Labor 

z 

. ...    500 

.50 

Labor 

p 

390 

.42 

Teams 

p 

410 

.44 

Labor 

c 

560 

1.30 

Teams 

c 

36 

.09 

Engineers 

Q 

144n 

.15 

Labor 

Q 

435 

.46 

Q 

....      81 

.09 

Engineers 

CP 

....    410 

.46 

Labor 

CP 

....     667 

.76 

Teams 

CP 

. ...     114 

.13 

Engineers 

TD 

70 

.08 

Labor 

TD 

. . . .      35 

.04 

QUANTITIES.   SHAFT  NO.   2. 

4-ft.  two-ring  brick  sewer  with  square  base   

JVir   locks    

Excavation    in    tunnel     

Excavation    in    shaft    

Surplus    excavation     

Back-filling    shafts    and    manholes    

Brickwork     

Concrete    in    locks    

Bricks    in    tunnel    156, 

Bricks    in   square   base    28, 

Bricks  in  four  manholes  14, 

Brick   packers 11, 

Cement    ( brickwork)     2, 

Cement     (concrete)     

Sand    

Stone    

Timber   (entire   contract)    10. 

Genei-al  supervision — 

Foreman     132  days — .92  hr. 

Material    foreman    66  days — .46  hr. 

Timekeeper     66  days — .46  hr. 

Sizes  of  shafts — 

Shaft  No.   1—7  ft.  3  in.  X  9  ft.  10  in.  x  22  ft.  deep. 

Shaft  No.  2—10  ft.  x  65  ft.  x  22  ft.  deep. 


951 

lin 

ft. 

63 

lin 

ft. 

9«{) 

cu. 

yd. 

462 

on. 

vd. 

9011 

cu 

vd 

427 

on. 

vd. 

h23 

cu. 

vd. 

61 

cu. 

vd. 

750 

,500 

200 

7S0 

080 

bags 

305 

bags 

240 

cu. 

vd. 

60 

cu. 

vri 

930 

ft. 

B.M 

.  per  lin.  ft 

.  per  lin.  ft 

per  lin.  ft. 

New  Expansion  Coupling 

A  new  expan.sion  coupling  designed  by  Mr.  E.  H. 
Ford,  of  the  Ford  Meter  Box  Co.,  is  shown  in  the  ac- 
companying illustration.  This  coupling,  while  de- 
vised primarily  for  the  purpose  of  connecting  water 
meters  into  straight  line  pipes,  may  be  used  in  any 
place  where  flexibility  is  required  in  water,  gas  or 
steam  piping.     It  is  made  now  in  three  sizes,  for  % 


Details   of   Expansion    Coupling. 

in.,  -li  in.  and  1  in.  meters,  and  may  be  used  in  con- 
nection with  ^2  in.,  ^4  in.  and  1  in.  pipe.  No  special 
tools  ai-e  required  for  its  installation.  The  coupling 
is  composed  of  only  three  parts  and  the  three  sizes 
mentioned  provide  expansion  ranges  of  %  in.,  %  in. 
and  1  in.  respectively.  Sample  couplings  have  been 
subjected  to  test  pressure  of  300  lb.  without  showing 
leak.  The  Ford  Meter  Box  Co.,  Wabash,  Ind.,  is  now 
placing  these  couplings  in  production  and  expects 
soon  to  have  them  on  the  market. 


Suggestions  for  Preventing  Wasting  of 
Water 

The  Committee  on  Water  Supply  of  the  New  York 
State  Conference  of  Mayors,  in  connection  with  a  cam- 
paign to  reduce  the  waste  of  water  in  various  cities, 
has  sent  to  water  works  officials  in  that  state  sug- 
gestions for  bulletins  to  be  printed  in  local  papers. 
These  suggestions  include  the  following: 

Have  all  leaky  pipes  and  fixtures  repaired  imme- 
diately, and  keep  them  in  good  order. 

When  closing  your  house  for  any  period  of  time,  see 
that  the  water  is  turned  off  to  insure  against  a  leak 
occurring  during  your  absence. 

Do  not  neglect  leaking  toilets  and  faucets.  Large 
amounts  of  water  are  wasted  through  small  leaks 
which  you  may  think  too  insignificant  to  warrant  at- 
tention. 

A  leak  1/32  in.  in  diameter  wastes  8  gal.  an  hour 
or  over  5,000  gal.  a  month. 

A  stream  V^  in.  in  diameter  will  waste  514  gal.  an 
hour  or  over  370,000  gal.  a  month. 

If  care  is  exercised,  when  installing  piping,  to  keep 
the  hot  and  cold  water  pipes  at  least  1  ft.  apart,  it 
will  be  unnecessary  to  "let  the  faucet  run  to  get  a 
cold  drink." 

Don't  let  water  run  to  get  it  cold.  Use  ice,  or  draw 
some  water  off  into  a  receptacle  and  put  in  a  cool 
place. 

Don't  keep  the  faucet  open  while  you  are  wash- 
ing or  bathing.  Draw  off  as  much  as  you  need  and 
then  turn  off  the  faucet. 

Do  not  allow  roof  tanks  to  overflow.  Eliminate  this 
waste  by  providing  tanks  with  ball  cocks. 

Don't  leave  faucets  open  on  cold  nights  this  winter 
to  prevent  freezing  of  water  pipes.  Start  now  to  have 
your  pipes  properly  protected. 

To  determine  the  presence  of  hidden  leaks,  con- 
sumers whose  services  are  metered  should  occasion- 
ally close  all  outlets  and  observe  the  meter  to  see  if 
it  registers  or  not. 

It  costs  just  as  much  for  coal,  oil  and  equipment  to 
pump  and  filter  water  that  is  wasted  as  it  does  to  fur- 
nish water  for  useful  purposes. 

A  gallon  of  water  saved  just  now  will  help  Uncle 
Sam  to  win  the  war. 

But  saving  in  water  consumption  may  save  not  only 
in  coal,  but  in  iron  and  steel  and  other  metals  also. 
For  several  cities  now  are  up  against  the  alternative 
of  reducing  per  capita  consumption  or  increasing  the 
supply;  and  the  latter  almost  certainly  means  laying 
more  pipe,  and  probably  adding  more  pumping  and 
boiler  units  if  the  supply  must  be  pumped.  Where 
the  citizens  are  wasting  water,  they  have  no  right  to 
ask  the  Government  to  release  steel,  bronze,  etc.,  and 
mechanics  to  fabricate  them,  from  arms  and  ship 
works,  in  order  that  they  may  continue  unhindered 
their  wasteful  practices. 


Device  for  Indicating  Water  Level  in  Reservoir. — ■ 

A  simple  device  for  showing  the  amount  of  water  in 
a  reservoir  is  employed  by  a  western  city.  It  con- 
sists of  a  wooden  frame  12  ft.  high,  mounted  on  the 
reservoir.  The  frame  is  divided  into  spans,  each 
representing  10,000  gal.  A  broad  white  board  is 
moved  up  and  down  in  the  frame  by  a  float  that  rises 
or  falls  as  the  water  level  changes.  The  arrange- 
ment is  visible  from  the  pumping  station  which  is 
some  distance  away. 
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Capacity  Tests  of  a  Water  Tunnel  Engineers  to  Study  After  War  Conditions 

A  liipaiity  test  of  the  Northwest  land  and  lake  I'reMdeiit  W.  II.  Finley  of  the  Atneriian  Associa- 
water  supply  tunnel  system  of  I'hicajto  was  con-  '"'"  "^  KiiKineers.  has  appointed  a  committee  of  prom- 
ducted  last  year  by  the  Department  of  Public  Works,  inent  enKineers  to  study  after-the-war  conditioBs. 
under  the  direction  of  Mr.  F.  A.  Smith,  Assistant  "^^^  committee  consist.s  of  Isham  Randolph,  chair- 
KnKineer.  The  test  is  described  in  the  last  annual  man;  Edmund  T.  Perkins,  Consultint;  Entfineer.  Chi- 
report  of  the  Department,  from  which  the  matter  I'SK";  Gardner  S.  Williams,  Consultinj?  EnKineer, 
following  is  taken.  Ann  Arbor,  Mich.,  and  Samuel  Moreell  of  Chicago, 
The  tunnel  system  consists  of  20,701  lin.  ft.  of  10-  Secretary.  The  committee  will  be  increased  as  it 
ft.  diameter  tunnel,  extending  from  the  Carter  H.  P^'"*  '"^"  ^^^  wurk  and  will  join  forces  with  other 
Harrison  Crib  in  I«ike  Michigan  14,03:{  ft.  from  shore,  agencies  in  Chicago  and  throughout  the  country  that 
to  Green  St.  near  Grand  Ave.    From  this  point  one  8-ft.  """^  ""*'  studying  the  problem. 

diameter  tunnel  extends  to  Central   Park  Ave.  pump-  The   questions   for  early   consideration   are   largely 

ing  station,  a  distance  of  19,856  lin.  ft.,  and  another  8-  those  of  human  engineering.     Behind  these  are  cer- 

ft.  diameter  tunnel  extends  from  Green  St.  in  a  north-  tain    broad    principles    upon    which    as    a    foundation 

westerly    direction    to   the   Springfield   Ave.   pumping  plans  for  reconstruction  and  for  the  better  employing 

station,  a   distance  of  22,183   lin.   ft.     Near  the  Oak  "^  natural  resources  and  man  power  are  based. 

St.   shaft    a    branch    tunnel    7    ft.     in     diameter    runs  The   aftcr-the-war  problem   may   be   defined   as   the 

southerly  to  the  Chicago  Ave.  pumping  station,  gate  rebuilding   on    normal    peace    lines   of   the   activities, 

shaft   No.    1    in   Seneca   St.   near   Delaware   PI.   being  mental  and  physical,  which  prevailed  before  the  war, 

located  on  this  connecting  tunnel.  with   each   improvement  or  advance  in   ideals,  meth- 

The  tests  were  made  in  the  following  manner:  ods  and  machinery  as  may  have  been  made  possible 

The  mean  velocity  of  flow  was  determined  by  ob-  by   recent   experience.     It   begins   primarily  with   the 

serving  the  time  it  took  for  a  sodium  chloride  fsalt)  returning  soldier,  in   his   rehabilitation   if  necessary, 

solution  to  pass   between   various   points.     Thus,  ob-  a"fl  his  return  to  the  industry  which   best   suits  his 

.servers  were  placed  at  the  Carter  H.  Harrison  Crib,  capacities   and    desires.      It    includes    the    placing    of 

at  Green  St.  shaft,  and  at  the  Central  Park  Ave.  and  other  war  workers  as  conditions  change  and  of  any 

Springfield    Ave.    pumping   stations.      At    the    crib    a  human   effort   where    it   may    be    most   effective.      It 

record    was   kept   of   the   stage   of   the   water   during  means  better  use  of  our  natural   resources  in   lands, 

the  test,  and  exact  time  noted  when  the  salt  solution  minerals,  waters  and   forests,  to   furnish   larger  and 

was   dropped   into   the  shaft.     The  observers   at   the  more  nearly  equal  opportunities  for  each  citizen,  and 

other  points   noted  the  exact   time  of  the  arrival   of  .the  placing  of  industry,   including  agriculture,   min- 

this  solution  by  the  use  of  an  electrical  indicator,  and  '"?  and  transportation  on  a  basis  to  meet  the  changed 

noted    the    elevations    of   the    water    at    the    various  needs  of  the  country.     In  short,  it  means  the  intelli- 

points  and  kept  a  record  of  the  pumpage  at  the  two  pent   planning   and   execution   of   plans   for  a   better 

pumping  stations  to  be  used  as  a  check  on  the  test  community. 

and   also   to   draw   some   conclusions   regarding   slip-  It    is    proposed    that    the    National     Committee    on 

page.  after-the-war  conditions  of  the  American  Association 

The    first    test    di.sclosed    the    fact    that    the    water  of   Engineers   shall   touch   upon  all    lines  of  science, 

passing   through   the    10-ft.    tunnel    was    41.05    c.f.s.  especially  in  their  application  to  public  welfare.    The 

larger  than  the  sum  of  the  flows  in  the  two  8-ft.  tun-  American  Association  of  Engineers  will  do  as  much 

nels,  which   represents  the  leakage  through  the  7-ft.  and  more  than  it  has  done  in  the  past  in  full  support 

tunnel  to  the  Chicago  Ave.  pumping  station.  of  the  war,  but   it   was  the   feeling  of  the  directors 

The    data    thus    obtained    have    been    computed    by  that  it  is  none  too  early  to  begin  to  plan   for  after 

hydraulic   formulae  and  show  uniform  results.     Con-  the    war.      The    American    Association    of    Engineers 

sidering    the    variations    in    velocities    the    factor    C  now  has  475  of  its  members   in  the  .ser^•ice — 20  per 

varies  only   from   a   maximum  of   126  to  a   minimum  cent  of  its  total  membership. 

of    120   for  the    10-ft.   tunnel   and   the  coefficient   "n"  

varies  from  .0139  to  0.145.  The  values  of  the  co-  Cost  of  Water  Main  Construction  at  Fall  River, 
efficient  of  roughness  "n"  for  the  Central  Park  Ave.  Mass. — During  1917  the  Watuppa  Water  Board  of 
tunnel  gives  an  average  of  .0141;  for  Springfield  the  city  of  Fall  River,  Mass.,  laid  2.057  lin.  ft.  of  8- 
Ave.  tunnel,  the  value  of  "n"  .0134.  in.  water  mains.  The  pipe  was  put  down  in  por- 
During  the  three  tests  the  amount  of  pumpage  was  tions  of  8  streets,  in  only  one  of  which  was  rock  en- 
checked  by  pump  indicators,  by  pitometers,  and  by  countered.  In  Tower  St.  7  per  cent  of  the  excavation 
the  hydraulic  tests.  was  rock.  The  unit  cost  of  the  work,  according  to 
This  gives  for  the  Central  Park  Ave.  pumping  sta-  the  last  annual  report  of  the  Water  Board,  was  as 
tion  the   following  results:  follows: 

Hy  iKiinpltiK  rrcord    167.2S  c.  f.  B.  COST  PKR  I.I.NHAI.  KooT 

Hy  pllonn-trr   Indirators    119.22  c.  f.  «.  ■ 

My  hyilrHtillr  teiitH   ISO  IT  c.  f.  «.  ^                     * 

Awitiiiilnt;   Iho   latter   flKure    to   be    thr   correct    (lUmpaKe.    then  "                     fi                                     u                         •              ? 

the  Klip  «<iul<I   tic  22. IS  per  cetil.  S.                    "  .                    ^           &          ^           i            St 

At  Springfield   Ave.   pumping  station   the  observa-  £      5«     '|*       •       *o      ^       ^         *         t 

tions  as  to  pumpage  were  as  follows:  |           |«iE^       3       o«t"^jJ         '^ 

Hy  punipliiK    rirord    140.42  c.  f.  ».  £               ;j'       g,y       'O'O         ^         -Z         -=        si         Z             ■ 

Hy  pitomel.-r    In.ll.iitorH    1I8.T7  c.  f.  ».  i               =?*;•=         .•          :^        =~       i=  ¥          =             ." 

lly  hydrnullc    te»t     I1S.9<  c.  f.  n.  *               -        -  '       -  •:          -          -•         ---/.- 

.Vioiumint;    the    latter    tlKure    tii    l>e    the    ciirrwt    pumpnKe,    the  Hemire«aril   l!>9  I ■■                        <                          >                                             I'l 

ullp  e.iualu    IT. 43   per  cent.  .«y«llc    ....   2*2                                                                                                         • 

Taken  as  a  whole,  the  three  tests  have  been  sue-  nlh'  .!!!!!  S9«      .                    .                                               •  • 

cessful,   and    show   that   the   capacity   of   the   North-  ^oli^r    '".' iu      'm     .»«     .w»    '  w:      o»:      .■                      '. 

west    land    and    lake  tunnel  is  good    for    brick    tun-  v.iriey  '.'.'.'.  loi     .iu     !iM     .om      3«&      mj      .                      i 

,               ,    .,                a,    ■       A.      t              L                              II         41.  Whipple    ..   2««       .MO      .117       .0S4       .«I0        0«9        Pu .                  .  .^1 

nels,  and  the  coefficient  of  roughness  is  smaller  than  ,^^^^^  ^,^^  „^„  ^„  j„,  ,„  ,„,„^  workmen  o„  eon„«.n«- 

is  usuallv   found  in  tunnels  of  this  size.  tion  iwyroii. 

(67) 
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Post  Cards  Save  Return  Calls  by  Meter 
Readers 

In  order  to  save  the  meter  readers  from  the  need 
of  making  return  calls,  the  Consumers'  Electric  Light 
&  Power  Co.  of  New  Orleans,  La.,  has  devised  a  de- 
layed meter-reading  post  card.  If  when  the  meter 
reader  calls  he  cannot  get  in,  he  leaves  an  addressed 
Government  post  card,  on  the  reverse  side  of  which 
is  the  information  shown  in  the  cut.     The  customer 


DIAL     DIAGRAM 


ELECTRIC     METER 


Kilowatt  Hours 


r>„ie 


Vou  were  not  at  home  when  our  meter 
reider  called  and  we  a>k  you  to  kindly  mark 
on  the  above  diaU  the  exact  position  of  the 
hands  as  they  apficar  on  the  .face  of  yonr 
meter,  and  mail  this  card  at  once. 

Consumers  Electric  Light  &  Power  Co. 


Meter-Reading    Post   Card. 

mails  the  card  and  is  billed  for  the  amount  of  energy 
shown  to  be  used. 

This  system  was  put  into  effect  in  January  of  this 
year,  and,  according  to  the  Electrical  World,  as  early 
as  May  75  per  cent  of  the  cards  left  were  being  re- 
turned to  the  company  with  readings  indicated.  In 
July  General  Manager  W.  J.  Aicklen  stated  that 
through  the  use  of  post-card  delayed-meter  readings 
the  company  was  effecting  a  saving  of  approximately 
$50  a  month  in  meter  readers'  salaries. 


Water  Towers  and  Standpipes 

While  a  standpipe  is  well  adapted  to  meet  certain 
conditions,  one  of  small  diameter  and  large  height  is 
never  satisfactory.  The  first  me.tal  structures  built 
for  the  storage  of  water  were  standpipes  only  a  few 
feet  in  diameter  and  of  sufficient  height  to  give,  when 
filled,  the  pressure  required.  Such  a  design  is  un- 
economical, as  the  amount  of  serviceable  water  stored 
in  such  a  tank  is  only  a  small  portion  of  the  total  ca- 
pacity. The  water  below  an  elevation  of  80  ft.  is 
•of  little  value  for  fire  protection,  and  serves  only  to 
support  the  water  above  that  point.  Several  times 
more  water  can  be  stored  at  an  effective  height  for 
the  same  cost  by  a  water-tower  than  by  a  standpipe. 
The  tall  cylinder  of  small  diameter  also  has  the  great 
disadvantage  of  extreme  variation  in  pressure  be- 
tween the  time  when  it  is  full  and  empty.  The  water- 
tower  and  standpipe  are  not  rivals,  but  each  has  its 
own  distinct  field  of  usefulness,  states  "The  Water 
Tower,"  house  organ  of  the  Chicago  Bridge  &  Iron  Co. 

A  tank  should  be  of  sufficient  capacity  to  store  the 
water  used  during  the  hours  when  the  pumps  are 
shut  down  and  also  leave  at  all  times  sufficient  water 


in  the  tank  to  supply  one  or  more  fire  streams  for  a 
reasonable  period  of  time.  Fifty  gallons  per  inhabi- 
tant, with  a  liberal  allowance  for  an  increase  of  pop- 
ulation, should  be  the  minimum  capacity  provided, 
and  no  tank  for  municipal  service  should  hold  less 
than  30,000  gal. 

The  height  of  the  bottom  of  the  tank  should  be  at 
least  80  ft.  above  the  ground  level  at  all  points  where 
the  fire  protection  is  needed.  It  is,  however,  often 
possible  to  locate  the  tank  on  a  natural  elevation  so 
that  the  water  tower  itself  will  not  need  to  be  80  ft. 
high. 


Motor  Trucks  on  Long  Haul  Garbage  Col- 
lection at  Los  Angeles 

Garbage  collection  from  the  outlying  districts  of 
Los  Angeles,  Cal.,  is  handled  by  motor  trucks.  The 
full  load  haul  ranges  from  6  to  9  miles  and  averages 
about  8  miles.  The  cost  per  ton  of  garbage  collected 
and  hauled  is  $2.76.  Two  2V2-ton  trucks  collect  about 
300  tons  of  garbage  per  month.  The  operating  cost 
of  the  trucks  ranges  from  $210  to  $250  per  month, 
these  figures  including  fuel,  drivers'  wages,  repairs 
and  depreciation.  Garbage  from  these  districts  was 
collected  formerly  by  3-horse  teams,  each  outfit  mak- 
ing one  round  trip  per  day.  In  the  short-haul  zone, 
the  garbage  is  collected  by  teams  working  in  day 
and  night  shifts,  the  latter  averaging  2,800  tons  per 
month  at  a  cost  of  about  $1.18  per  ton.  The  day 
shift  collects  about  2,200  tons  per  month  at  an  aver- 
age cost  of  $2.15  per  ton. 

Making  Pipe  Joints  in  Wet  Trench 

Several  thousand  feet  of  10-in.  cast  iron  pipe  for 
the  new  plant  of  Canadian  Locomotive  Co.,  Ltd.,  at 
Kingston,  Ont.,  was  laid  in  trenches  2  ft.  to  4  ft.  be- 
low water  level,  thus  necessitating  special  precautions 
in  making  the  joints  and  connections.  At  the  joints 
the  trench  was  enlarged  and  the  pit  sheeted,  the  pipe 
being  brought  through  openings  in  the  boards.  The 
spaces  around  the  pipe  were  sealed  with  clay,  as  was 
the  bottom  of  the  pits.  The  water  in  the  pit  was  kept 
down  by  pump  or  siphon  until  the  hub  and  spigot 
joints  could  be  made.  Practically  the  same  method 
was  employed  in  making  the  special  connections.  In 
these  cases,  however,  the  pits  were  6  or  8  ft.  square, 
and  the  pipes  brought  in  through  the  sheeting  were 
sealed  by  concrete.  The  bottom  of  the  pit  was  cov- 
ered with  concrete  in  paper  bags,  rammed  until  often 
the  bags  were  broken  open. 

Coal  Requirements  of  U.  S.  for  1918-19.— An  an- 
alysis of  the  country's  coal  needs  for  the  current  year, 
compared  with  the  consumption  of  the  previous  year, 
compiled  and  made  public  on  June  6,  by  the  Govern- 
ment, shows  the  following: 

, Net  tons  coal ^ 

Required      Cons 

inSi^H^';"" 2«!& 

Doinestic     75,678,000 

Gas  and  electric  public  utilities 37,941,000 

Railroads  166.000.000 

FxDO?ts 24,000,000 

Beehive  ColVe    .'.'.' 52,450,000 

gunker-Foreign     ' 10.000,000 

Bunlier— Domestic,  inc.  Great  Lakes 5,000,000 

Power  and   heat   at  coal  mines 12,500,000 

Substitution   of  coal   for  oil,   mainly   in   the 

Northwest    2.000.000 

Totals     634,594,000     560,010,000 

Deduct:  Imports     ,  591'SDS 

Deduct:    Used    from    storage 4„i.5,ouo 


1917. 
204,907,000 
66,915,000 
33,038,000 
155.000.000 
24,000,000 
52,450,000 
7,700,000 
5,000,000 
11,000,000 
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Net  tons  of  production 634,594.000     554,728.000 

Increased   requirements  over   1917 79.866,000 
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('ondcmns  Scwajle  For  Irrifiatlnfi 
\  t'jiL'tahles 

In  the  intiTf.st  of  public  heiilth  the  California  State 
Board  of  Health  has  condemned  the  use  of  sewuKe  or 
sewajfe-polluted  water  for  irriuatinjf  garden  vese- 
tabies,  and  it  has  also  condeiniied  the  sale  or  con- 
sumption of  vegetables  so  irrigated.  The  text  of  the 
board's  resolution  is  as  follows: 


••ItfK.lvr*!.  That  arwui:'-  <• 
ua«<l  fur  IrrlKallne  vrgrlHliU' 
tentlrU  to  bf  ui*e<l  for  huiiiai 

■■KmolvrJ.    That    nrKUKr 


rwui.'<-|>ollulr<l  wairr  nhall  not  t>« 
bvrrli-a  or  low-KrowInK    frult»   In- 
oiinuiiipilon:   hr   It   further 
or    iirwuKx-polUitrd     watrr    may    b« 


UMMl  for  IrrlKatInK  veKrlablm  or  Knilim  whUh  arc  har\'rii(r<l  In 
the  itry  Htalr.  suc-h  nn  Ix-aiin.  4,r  vcKv(abl<-ii.  Kralna  or  alfalfa 
u»p<l  fXelualvi-Iy  un  food  for  utmk.  or  trera  brarliiic  fnjlls  or  nutn. 
with  the  vxrepl'on  that  ilalr)'  cattle  nhall  not  be  |>aature<l  on 
land  under  irrlKallon  by  aowugr." 

It  is  much  better,  states  the  Bulletin  of  the  Board, 
that  sewage  should  be  used  for  promoting  the  growth 
of  stock  foods,  fodder  and  crops  harvested  in  the  dry 
state,  such  as  beans,  alfalfa,  seed  corn,  etc.,  rather 
than  to  take  any  risk  of  infection  with  typhoid  or 
other  diseases  through  the  use  of  green  vegetables 
or  foods  that  have  been  irrigated  with  sewage. 


Personals 


Arthur  \V.  Jepson.  for  the  juist  ten  years  superintendent  of 
water  workn  of  Bristol.  Conn.,   has  reslimed. 

Kerth  Maltland.  assistant  city  engineer  of  VIrKlnla.  Minn., 
has  been  granted  leavv  of  absence  to  enter  the  Kovemment 
•ervlce. 

<:'luud<>  E.  Chappoll.  formerly  city  mnnaser  of  Jnrkson.  Mich., 
and  Klc  Riipids.  Sllch  .  has  been  commlsslone<l  a  captain  In  the 
•nKlnt'trlnt;  corps  of  the  Army. 

II.  Smart  Itoyer.  for  the  past  five  years  olty  manager  of 
Fre<lerUk8burK.  Va..  '.las  been  commissioned  u  Ilrst  lieutenant  In 
the  englneerlns  corps  of  the  army. 

<ieorKo  Wilbur  Hubley.  former  superintendent  of  the  Louis- 
ville Gas  and  Klectrlr  <"o..  has  been  appointed  admlnlstmtlve 
engineer  of  the  Federal   Fuel  Administration  of  Kentucky. 

Carlolon  Scott  has  rcslRned  as  .luperlntendent  of  water  works 
of  Wooii.iockel.  K.  I.,  and  will  encaKe  In  civil  enKineerinR  work. 
He  formerly   was  an  as.'ilstant  In   the  otllce  of   the  city   enKlneer. 

FInlay  U  MacFarland  has  been  elected  president  of  the  first 
Board  of  Water  Commissioners  of  Denver.  Colo,  ("harles  H.  Rey- 
nolds wa.-*  elected  vice-president  and  Benjamin  A.  Sweet  secre- 
tary. 

Wlllam  M.  Faber  of  Cleveland.  O..  has  been  appointed  by  M. 
S.  Hopkins,  adaiinlstratlve  enKlneer  of  the  State  Fuel  .\flmlnl8- 
trmllun.  to  represent  hini  In  seelMK  that  Industries  of  northern 
Ohio  obey  rules  of  the  fuel  ndmlnlxtration. 

1.,.  S.  Hulburfl.  senior  as.Mlstant  engineer  at  the  Kyons.  N.  Y.. 
barge  canal  office,  has  been  (M)mnii.sslone<l  a  captain  of  engineets, 
U.  .S.  A.  C.  V.  o'.Malley,  Junior  u.isl.stant  engineer  In  the  same 
oOlce.  has  received  a  lieutenant's  commission. 

.Miss  Zelma  Zentmire.  formerly  instructor  in  hygiene  In  the 
University  of  Chicago,  has  been  appointed  water  chemist  and 
bacteriologist  at  Iowa  I'niversily.  succeeding  I'rof.  Jack  J.  Hln- 
Rian.  Jr..  who  has  entered  the  Sanitary  Cr-jm  of  the  Army. 

Koiiert  W.  tiay.  who  for  the  past  elk'tit  years  has  lieen  pro- 
fessor of  civil  engineering  at  the  .Ml.'<-<i.-<Hl|.pi  .Vgricuitunii  and 
Mechanical  College,  has  resigned  to  ai  cept  a  punitlon  its  olllce 
•niclneer  with  the   Morgan   Kngineering  Co..  of  .Memphis.  Tenn. 

H.  F.  Cameron,  manager  for  the  Ijike  Charles  Itallway.  Light 
A  Water  Works  for  the  last  three  years,  has  resigned  to  accept 
the  poxition  of  lonsulting  engineer  with  the  I'nion  Sulphur  Co. 
Mr  Cameron  was  formerly  connected  with  Ih  Westinghouse  Co. 
at   New   I  irieans. 

William  T.  Von  Armin 
of  l<rlcU-<  port  livdrauli.  ' 
thill  !.u|..riiitenileiit  of  1' 

hus    I n    apiH>lnled     kU' 

Youngslown.     O.,     to    sucn-.-.i     .<t.j,li.  n     .1       ll"l-.|,     u  h.>     r.  bIkm.  .1 
recently. 

F>ank    C.     Llncenfelter.    truck    elevnllnn    err^rt     In    th»    "fflce 

of    the    city    civil    ■ '      '    '■■■" "■-    -•■'■■■    I'""     >■■-    < 

apiminlrd   ciiv    cl' 

dralli  of   Henry   U 

of    i>urdue    I'niv.i 

depaitment    ho    u.ii.    m    wi.     .  ..kih-- i  nm    ■!■  i'..i .  unin    ■..     i...-    i.iK 

Four  R    It   Co.    for  7  years. 

The   Chicago    Chapter  of    the    American    Association   of    Bncl- 
neer..    I.ii.|.'..l     .1     >i.  .1  ..iiDiiK    .iitiii.r      .1     II..-    '    il>     i    I.I..     i 'li'.  ii:;t>. 
nn  tl.. 
Ishat 

of    li  ■  I 

brieil 

fesslori  .|....l.h  ll..rrii,..!..r,  (  : 
of  Illinois,  and  I>r.  II.  \V.  Nl.  ii. 
tlon  of  the  Am.   Soc    M.   F.  .  w.  r . 

n.     M.     Freeburn    has    reslgi...; ■ 

Pennsylvania   Slate   Departmrni    <(    lleulili    !u   l»><.uii.v   .kiwuvlulvd 
With  the  enRlneering  st.iff  of  Wallace  A  TIernan  Co  .   Inc.,   New 


.lli'l     -Mt       l>.i,tii.|.(irv    ^ 

vork   with   the  company 
.    Coebel    has    resigned   ai 


..lilir 

If.. 

cl.lui>.V 

ill.. 

h..iii- 

Mia 

4inLA 

.  jjo 

aiith 
r.r.iti 

llic 

1 

rtr 

Atate 

'        I.OJ 
el! 

lie 

rill 

len< 

Mr. 

rail! 
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.    r  .■ "  1 .  t 

1  of  nil 

ii.,    1 

•  •f 

n    and 

>i.--k 
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I"  the 
d  later 
After- 


Tliree    .likllner.,     A  all     ll.. 

France    were    n fitly     give! 

bravery.     The    cllalions    of   i:. 

crosses    follow:     Secund    Lieui......i    ...-. 

engineers.     He  was  sent  on   the   hkIii  oI 
coiinolssjince  of   all   ixihsiblo   means  of   cr. 
near    Flsnies.    Frame.     It    h.id    Ixen    repoi  ■ 
had  ail  retreated  from  the  south  bank  ol    i 
thut  such  was  not   the  cose;   they  were  tl.. 
less,  such  was  his  bravery  and  determinal  ■ 
and  through  the  (Jennaii   lines,   made  full   ■ 
turne<l  with  his  report.     •     •     •     .Second    1. 
ley  Colton.   engineers.     From   .\ug.    4   to  6 
out    a    recoiiriolssiince    for    Ihe    iiH-ulion    •  ; 
across   the    Kiver   Vesle.   near   Fisme«       II. 
heavy  shell  lire  and  was  fre^iuentlv    i 
machine-gun   fiests   In   the   town.     N. 
our  farthest    lines  and  secured   the 
wounded  liefore  his  inls.xion  »as  ai  <  ' 
turn   to  his   batlallon   until  he   had    iii.i.l.     Ir 


by 


Ihi- 


had   l>een 
.\.    Ifartmaii.   engi 
from  the  liattallon  \nyat  ..f  -  ■ 
noiter  the   Vesle    Hivel 
sible  sites   for  pontoon 
structures.     Iicwplte    |. 
forced  the  patrol  lo  S'   . 
ant  .'n  charge,  he  conlimi..! 
acting   entirely    without    ord< 
construction     of     rafts     for 
ability    OS    a    leader    and    hi 
rec-onnolssjinco  n  complete  s 


elail 


Obituaries 


i>f    l-eorla.    Ill  .   died   Sept. 
of  Mllford,    N.    H..   died   Auc 


Thomas   retherbriilge      >   . 
I  at  his  home  In  that  cii>.    > 

Harrv   A     Shep.ird.   a  loni 
2'J  at   his  home  In  that  city,  aged  61. 

.lolin    II.    h*1tlshman.    a    contnirtor   of   Beaumont    and   Oalvea- 
ton.  Tex.,  died  Aug.  29  at   Ileaumont,  itged  42. 

Thomas  Maaon,  general  superintendent  of  the  New  York  Shlp- 
l.iltl.llni:  Cn      .ll.rt  S.T't    ;  nt   h:---  t„-ini..  :n   I'am.icn.   V    .1 

■li- 


Industrial  Notes 


The  Charles  T    Topping  Marhlnrry  Co.   has  merged   It*  Inler- 

o.    «i:li    'I,.'     r.ii^lntii    ..m...    ,.(     •!..■     I.i'k.» i     I'.iiglneerliiK 

.nt"    and 


Cui  ojid  tl.   K.   Zilf^  an 


„       R     A. 
the  reprc- 
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Bids  Asked 


iiiiiimiiiii 


Roads  =  Streets 


Ida.,  Boise — Until  2  p.  m.,  Sept.  16.  by 
State  Highway  Commission,  W.  T.  Dough- 
erty, secretary,  for  constructing  approxi- 
inatelj'  22  miles  of  north  and  south  high- 
way between  the  Salmon  river,  neai* 
Whitebird  and  Grangeville,  in  Idaho 
county.  Proposals  will  be  received  as  fol- 
lows: for  the  grading  and  surfacing  as 
required;  for  the  bridges  and  concrete  cul- 
verts and  for  the  corrugated  iron  pipe 
necessary  for  culverts.  State  Highway 
Engineer,  Boise,  and  Division  Engineer  at 
Lewiston,    Idaho. 

Ind.,  Bloomfield— Until  2  P.  M..  Oct.  S. 
by  CoiTimissioners  of  Greene  County,  for 
the  construction  of  two  macadamized 
roads  in  Jefferson  and  Fairplav  Twps.  Geo. 
E.   Kidd,   County  Auditor. 

Ind.,  Fort  Wayne— Until  7:30,  Sept.  19, 
by  Board  of  Public  Works,  for  approxi- 
mately 1,010  lin.  ft.  of  pipe  railing  in 
place,  on  and  along  the  retaining  walls 
of   the   Coombs    St.   subway. 

Ind..  Fort  Wayne — Until  7:30  p.  m., 
Sept.  19.  by  Board  of  Public  Works,  H. 
"W.  Becker,  clerk,  for  construction  of  fol- 
lowing iiTiprovements:  For  grading  road- 
•way  on  French  Ave.,  from  Hoagland  Ave. 
to  Fairfield  Ave.;  for  grading  roadway 
on  Hoagland  Ave.,  from  Arcadia  Ct.  to 
Sudisili  Blvd.;  for  grading  roadway  on 
Dayton  Ave.,  from  Fairfield  to  S.  Wayne 
Aves.  and  from  Indiana  to  Beaver  Aves.; 
for  grading  roadway  on  Short  St.,  from 
Archer    to    Pfeiffer   Aves. 

Ind.,  Greenfield— Until  10  A.  M..  Sept.  27. 
by  Commissioners  of  Hancock  County,  for 
the  construction  of  a  gravel  road  in  Brown. 
Twp.     Harvey   J.    Rhue.    County   Auditor. 

Ind.,  Indianapolis — Until  10  a.  ni..  Sept. 
27.  by  Commissioners  of  Marion  County, 
for  the  construction  of  a  concrete  road 
in  Center  Twp.  Leo  K.  Fesler.  County 
Auditor. 

Ind.,    Indianapolis — Until    10   a.    m..    Sept. 

27.  by  Commissioners  of  Marion  county, 
for  the  construction  of  a  concrete  road 
In  Center  twp.  Leo  K.  Fesler.  Count.v 
Auditor. 

Ind.,  Muncie — Until  10  a.  m.,  Sept.  14, 
by  Commissioners  of  Delaware  county,  for 
the  construction  of  a  gravel  or  macadam 
road  in  Washington  twp.  F.  M.  Williams, 
County  Auditor. 

Ind.,  Muncie — Until  10  a.  m..  Sept.  14, 
by  Board  of  Conimissioners  of  Delaware 
County,  for  the  improvement  of  highways 
In  said  county,  by  grading,  graveling  or 
macadamizing  said  highw^ay  known  as  L. 
A  Couse  road  in  Washington  twp.  Francis 
IVI.    William^.    Auditor.    Delaware    county. 

Ind..    Noblesvrlle — Until    10    a.    m.,    Sept. 

28.  by  Commissioners  of  Hamilton  Coun- 
ty, for  the  construction  of  a  gravel  road 
in  Washington  Twp.  H.  O.  Cottingham, 
County    Auditor. 

Minn.,  Aitkin— Until  10  a.  m..  Sept.  14. 
by  .Tohn  W^iebel,  Town  Clerk,  for  con- 
structing approxiinately   5.6   miles   of   road. 

Minn..  Glencoe — Until  2  p.  m.,  Sept.  21, 
■fay  F.  D.  Stocking.  County  Auditor.  Mc- 
Tjeod  County,  for  constructing  Federal  Aid 
Proiect  No.  34.  State  Road  No.  5.  approx. 
13.17  miles  in  length,  involving  5.25  acres 
grubbine;  57.987  cu.  yd.  excav.;  2.928  cu. 
yd.  hand  ditching;  550  lin.  ft.  guard  rail; 
25  cu.  yd.  concrete  end  walls,  also  install- 
ing and  furnishing  section  concrete,  cul- 
■vert  material  as  follows:  910  lin.  ft.  12- 
in.;  327  lin.  ft.  15-in  ;  35  lin.  ft.  18-in.: 
34  lin.  ft.  24-in.:  70  lin.  ft.  36-in.;  15,840 
cu.  yd.  graveling  surfacing  material: 
"Bridge  No.  2914.  10-ft.  span;  12  reinf.  con- 
crete   culverts;    14    concrete    culverts. 

Minn.,  Winona- Until  2  p.  m..  Sept.  26, 
by  Adolph  Baeuerlen.  County  Auditor. 
Winona  County,  for  constructing  Federal 
Aid  Project  No.  S.  State  Road  No  IS.  ap- 
prox. 6.42  miles  in  length,  involving  4.9 
acres  clearing  and  grubbing;  39.842  cu.  yd. 
earth  excavation;  7.141  cu.  yd.  solid  rock 
excav.;  180.8  cu.  yd.  culvert  end  walls; 
also  installing  and  furnishing  section  con- 
crete culvert  material  as  follows:  140  lin. 
ft.  12-in.:  622  lin.  ft.  IS-in.:  370  lin.  ft. 
24-in.:  65  lin.  ft.  3n-in.;  55  lin.  ft.  36-in.; 
fi5  lin.  ft.  48-in.;  Bridge  No.  2949.  10-ft. 
extension    of   cattle    pass;    Bridge    2865.    30- 


ft.  span  reinf.  concrete;  Bridge  2866  30- 
ft.  span,  reinf.  concrete;  W-46x24  ft.  reinf. 
concrete  culvert.  Total  estimated  cost 
$34,019. 

Ore.,  Portland — Until  10  a.  m.,  Sept.  12, 
by  L.  I.  Hewes,  Dist.  Engineer,  Bureau  of 
Public  Roads.  Dept.  of  Agriculture,  Port- 
land, for  constructing  or  improving  the 
Republic-Wauconda  Nat'l  Forest  Road 
project  located  within  the  Colville  Nat'l 
Forest,  Okanagon  County,  State  of  Wash- 
ington. Approximately  3.4  miles  in  length, 
involving  14  acres  clearing  and  grubbing; 
26.000  cu.  yd.  common  excav.;  5.000  cu. 
yd.  rock  excav.;  1,200  station  yd.  overhaul; 
1,150  lin.  ft.  log  culverts;  325  cu.  yd.  dry 
rock  retaining  wall,  and  400  lin.  ft.  guard 
rail. 

Pa.,  Greensburg — Until  noon.  S^pt.  30, 
by  John  S.  Sell,  County  Controller,  for 
the  construction  of  the  following  named 
county  roads:  Webster-Pittsburgh-Union- 
town  Pike  Road.  1.79  miles  in  Rostraver 
twp.  16  ft.  wide  over  all,  with  concrete 
basH  Mild  ■mil  and  brick  surface.  Fort 
Kul.,  1  i-nii-s.  Imol  House-Yukon  road.  3.22 
mili>  in  .~<.iuth  Huntington  Tw'p.,  17  ft. 
witlt-  t)\ei  all,  with  slag  base,  concrete 
curb,    and    brick    surface. 

Pa.,  Harrisburg — Until  10  a.  m.,  Sept. 
25,  by  J.  D.  O'Neil,  State  Highway  Comr., 
for  the  reconstruction  of  1.115  lin.  ft.  of 
either  vitr.  block  pavement  or  bituminous 
concrete  on  a  concrete  foundation,  from 
20  to  34  ft.  wide.  Yeadon  borough.  Dela- 
ware County,  route  130:  also  5.091  lin.  ft. 
of  1-course  plain  cement  concrete  pave- 
ment. IS-ft.  wide.  Ligonier  borough,  West- 
moreland  County,   route  119. 

Wis.,  Milwaukee — Until  10:30  a.  m.,  Sept. 
14,  by  Board  of  Public  Works.  Percy 
Braman.  Deputv  Comr..  for  improving  51st 
St.  from  north  line  of  Elm  St.  to  south 
line  of  North  Ave.   in  22nd  ward. 
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Calif.,  Modesto— Until  10  a.  m..  Sept.  12, 
by  Board  of  Supervisors  of  Stanislaus 
county,  for  construction  of  a  reinf.  con- 
crete arch  bridge  over  Orestimba  creek, 
about  2^2  miles  east  of  Crown  Landing; 
also  one  reinf.  concrete  arch  bridge  over 
Orestimba  creek.  4  miles  east  of  Crows 
Landing,  and  one  reinf.  concrete  girder 
bridge  over  Kings  River  and  San  Joaquin 
Irrigation  Company's  canal  about  1  mile 
west  of  Newman.  H.  Benson.  County 
Clerk. 

Calif.,  Santa  Barbara — Until  10  a.  m.. 
Sept.  16,  by  Board  of  Supervisors  of  Santa 
Barbara  County,  for  furni.shing  all  ma- 
terial and  labor  and  constructing  reinf. 
concrete  bridge,  deck  and  rails  to  said 
bridge  located  on  River  Rock  road,  in  the 
2nd  road  district.  Santa  Barbara  county. 
C.    A.    Hunt,    Clerk   of   Board   and   County. 

Calif.,  Santa  Barabara — Until  10  a.  m., 
Sept.  16,  by  Board  of  Supervisors,  for  fur- 
nishing all  labor  and  material  and  con- 
structing reinf.  concrete  bridge  with  abut- 
ments and  wing  walls  over  Romero  creek, 
on  Sheffield  Drive,  bet.  San  Deandro  Lane 
and  the  Coast  Highw-ay.  in  the  2nd  road 
district.  Santa  Barbara  county.  C.  A.  Hunt, 
County    Clerk. 

Calif.,  San  Jose — Until  11  a.  m..  Sept. 
16,  by  Board  of  Supervisors.  Santa  Clara 
County,  for  the  construction  of  a  reinf. 
concrete  bridge  on  Kirk  Road  and  Luther 
Ave.  over  Ross  Creek  in  Supervisor  Dist. 
No.  4.  Also  for  the  construction  of  a 
reinf.  concrete  bridge  on  Congress  Springs 
Rd.,  in  Dist.  No.  5.  Henry  A.  Pfister, 
Clerk. 

III.,  Benton — L'ntil  1  p.  m..  Sept.  16.  by 
Dept.  of  Public  Works  and  Buildings.  Div. 
of  Highways.  Springfield,  for  constructing 
one  reinforced  concrete  bridge  in  Benton 
twp..  Franklin  county — Martin  Bridge.  20- 
ft.  span;  20-ft.  roadway;  S\i  ft.  height 
over  all.  54.1  cu.  vd  concrete,  reinforcing 
steel  4.760  lbs.  Estimated  cost  $1,300.  Also 
one  reinforced  concrete  bridge  in  Barren 
twp. — Quillman  Bridge,  30-ft.  span;  16-ft. 
roadway,  11  ft.  height  over  all.  69.2  cu.  yd. 
concrete,  8.990  lbs.  reinf.  steel.  Estimated 
cost  S2,200.  W.  E.  Moore,  County  Supt. 
of  Highways.   Benton. 

111.,  Carthage— Until  1  p.  m.,  Sept.  14. 
by    Dept.    of    Public    \Vorks   and    Buildings, 


Div.  of  Highways.  .Springfield,  (or  con- 
structing 5  reinf.  concrete  culverts  on  the 
highway  between  Terre  Haute  twp.,  Hen- 
derson county,  and  LaHarpe  twp..  Han- 
cock county — Belknap.  Edmonds,  Ednionds 
No.  1,  Newt.  Marshall  and  Melvin  bridges: 
Spans  2^^,  5,  5,  5.  and  4  ft.,  roadways  24. 
20.  20.  20  and  20  ft.;  heights  over  all,  8. 
1V>.  IV-.  11  and  8  ft.  Estimated  total  con- 
crete. 11.6,  18.6.  18.6,  26.9  and  23.2  cu.  yd.; 
reinforced  steel,  55,  1.230.  1.230.  1,840  and 
1.930  lbs.  Engineer's  estimate  on  5  cul- 
verts, $2,320.  Also  two  reinforced  concrete 
culverts  on  highway  between  Loniax  Twp.. 
Henderson  County,  and  Durham  Twp., 
Hancock  County — Wm.  Dean,  No.  1  and 
No.  2  bridges;  spans,  21-;,  ft.;  roadways,  20 
ft.  on  top  of  fill;  heights  over  all,  13  ft. 
Estimated  total  concrete  in  each  culvert, 
11.6  cu.  yd.:  reinforced  steel,  1.160  lbs. 
Estimated  cost.  $600.  Wm.  Burgner, 
County    Supt.    of    Highways,    Carthage. 

III.,  Chicago— Until  11  a.  m.,  Sept.  18,  by 
Board  of  I^ocal  Improvements,  Edw.  J. 
Glackin,  Secy.,  room  207  City  Hall,  for 
furnishing  all  labor  and  material  for  con- 
struction of  all  work,  including  electrical 
conduits  for  the  substructure  of  the  North 
Approach,  being  the  improvement  of  N. 
Michigan  Ave.,  from  Ohio  St.  to  the  first 
expansion  joint  north  of  the  north  plaza 
and  including  the  improvement  of  Grand 
Ave.  from  Rush  to  St.  Clair  Sts.,  and  the 
readjustment  and  improvement  of  all 
streets  and  alleys  intersecting  and  abut- 
ting  said    improvement. 

III.,  Marion — Until  2  p.  m.,  Sept.  14.  by 
Department  of  Public  Works  and  Build- 
ings. .Springfield,  tor  constructing  one  re- 
inforced concrete  bridge  in  Lake  Creek 
Twp..  Williamson  County — Scott  Harris 
bridge,  16-ft.  span.  16-tt.  roadway,  13  ft. 
height  over  all.  57.5  cu.  yd.  concrete,  5,080 
lbs.  reinforcing  steel.  Estimated  cost. 
$1,700.  P.  B.  Wilson.  County  Supt.  of 
Highways,    Marion. 

III.,  Nashville— Until  3  p.  m.,  Sept.  12.  by 
Department  of  Public  Works  and  Build- 
ings. Division  of  Highways.  Springfield, 
for  constructing  one  reinforced  concrete 
box  culvert  in  Ashley  Twp..  Washington 
County — Koenigsmark  bridge,  10-ft.  span. 
2%-ft.  clearance.  IS-ft.  roadway.  25.7  cu. 
yd. '  concrete.  2.420  lbs.  reinforcing  steel. 
Estimated  cost,  $635.  Also  three  reinforced 
concrete  box  culverts  in  Hoyleton  Twp. — 
bridges  Nos.  12.  13  and  14:  Spans  10.  3 
and  6  ft.;  height  over  all,  9,  6  and  7  ft.; 
roadways,  IS.  20  and  20  ft.  Estimated  total 
concrete,  34.6.  7.6  and  16.1  cu.  yd.;  reinforc- 
ing steel.  2.860.  580  and  1.300  lbs.  Engi- 
neer's estimate.  $1,465.  O.  C.  Ravenneck, 
County  Supt.   of  Highways.  Nashville. 

Ind.,  Fort  Wayne — Until  10  a.  m..  Sept. 
IS.  by  Board  of  Commisisoners.  Allen  Coun- 
ty, for  repair  and  creosote  block  floor  of 
the  Butt  bridge  in  Maumee  Twp.  and  for 
furnishing  material  for  said  bridge.  Will 
Johnson.    Auditor,    Allen    County. 

Ind.,  Winchester— Until  10  a.  m.,  Sept. 
26.  by  Commissioners  of  Randolph  County, 
for  the  construction  of  bridges  in  White 
River.  Ward.  Franklin  and  Washington 
Twps..  five  in  all.  and  repair  all  others. 
C.    E.    Tillson,    County   Auditor. 

Mass.,  Boston — Until  12  noon,  Sept.  12. 
bv  Thos.  F.  Sullivan,  Commissioner  of  Pub- 
lic Works,  511  City  Hall  Annex,  for  build- 
ing additions  to  abutments  of  the  N.  Y., 
N.  H.  &  H.  Ry.  near  Dorchester  Station, 
and  a  concrete  retaining  wall  adjoining  the 
western    abutment. 

Ohio,  Hamilton— Until  10  a.  m..  Sept.  25, 
bv  Board  of  Butler  County  Comrs..  W.  W. 
Crawford.  Clerk,  for  the  construction  of 
a  concrete  steel  bridge  at  the  Frend- 
Crout  farms,  on  the  Montgomery-Butler 
County  line.  Madison  Twp.,  Sec.  28,  and 
Gratis   Twp.,   Sec.    28. 

Pa.,  Greensburg — Until  noon,  Sept.  24, 
liv  John  S.  Sell.  County  Controller,  for 
flie  construction  of  a  35-ft.  clear  span,  20- 
ft.  over  all  roadway.  reinf.  concrete 
bridge.  including  wing  and  abutment 
walls,  floor  system  and  parapet  wells  and 
necessary  approaches  over  Chartiers  Creek 
in  Lower  Burrell  Twp  %  mile  from  where 
said  creek  empties  into  the  Allegheny 
River,  and  located  on  New  Kensington- 
Edgecliff   road. 

Pa..  Harrisburq — Until  10  a.  ni.,  Sept.  23, 
bv  Henrv  W.  Gough,  County  Controller, 
Room   13,   Courthouse,   Harrisburg,   for   the 
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Have  Public  Service  Commissions 
Proved  to  Be  a  Failure? 

The  rei'uhition  of  railway  and  public  utility  rates 
by  public  commissions  has  thus  far  not  been  the  un- 
qualified succeso  that  was  anticipated  by  its  advocates. 
It  is  the  consensus  of  opinion  among  business  men 
that  the  Interstate  Commerce  Commission  failed  to 
give  the  railways  adequate  rate  increases,  and  thus 
brought  the  finest  railway  systems  in  the  world  to 
the  verge  of  financial  starvation.  The  same  thing  has 
happened  to  most  of  the  street  railways,  and  for  the 
same  reason. 

After  the  tardy  granting  of  a  15  per  cent  rai.se  in 
freight  rates  by  the  I.  C.  C,  the  government  took 
hold  of  the  railways  and  immediately  raised  rates  25 
per  cent  more.  Yet  this  is  proving  inadequate  to 
make  both  ends  meet,  in  spite  of  great  increases  in 
traffic. 

Street  railway  companies  have  appealed  to  the  fed- 
eral government  for  rate  increases,  as  they  face  ruin 
without  such   relief. 

The  state  of  Massachusetts  has  just  passed  what 
has  been  called  "an  epoch-making  law,"  providing 
for  a  new  form  of  public  control  of  the  Boston  Ele- 
vated Railway  by  the  state.  The  State  Public  Service 
Commission,  after  47  years  of  control  of  public  car- 
riers, is  virtually  declared  worthless,  and  a  radically 
new  plan  of  control  is  introduced.  Under  this  new 
plan  the  stockholders  of  the  Boston  Elevated  Railway 
are  guaranteed  certain  percentages  (up  to  6  per  cent) 
on  the  par  value  of  their  securities.  The  company  is 
to  be  managed  by  five  trustees  appointed  by  the  Gov- 
ernor, these  trustees  having  the  power  to  regulate 
rates  so  as  to  in.sure  the  guaranteed  return  on  the 
stock.    There  is  no  "water"  in  the  stock. 

Such  facts  as  these  point  unmistakably  to  some 
grave  defect  in  the  personnel  of  most  public  service 
commis.sions.  or  in  the  laws  under  which  they  oper- 
ate, or  both.  It  is  our  opinion  that  all  the  laws  and 
many  of  the  commissioners  are  faulty.  To  begin  with, 
public  service  commissioners  should  be  appointed  for 
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life,  and  should  not  be  allowed  to  become  candidates 
for  public  office  for  at  least  two  years  after  resigning 
a  commissionership.  In  no  other  way  can  insurance 
be  universally  secured  against  the  influence  of  politi- 
cal ambition  and  a  desire  to  please  the  public  at  the 
expense  of  the  utility  companies.  The  besetting  fault 
of  most  commissions  has  been  the  very  natural  desire 
to  secure  public  applause.  This  alone  has  sufficed  to 
prevent  independent,  fair  action  on  the  part  of  scores 
of  commissioners. 

The  laws  should  specify  the  qualifications  of  the 
commissioners  in  order  to  insure,  as  far  as  practicable, 
that  e.vperienced  and  well  trained  men  shall  be  ap- 
pointed to  commissionerships.  Certainly  at  least  one 
member  of  every  commission  should  be  an  engineer, 
and  one  should  be  a  lawyer. 

The  law  should  provide  for  a  sliding  .scale  of  divi- 
dends dependent  on  the  efllciency  of  management  of 
ihe  company.  For  if  dividends  are  limited  to  a  fi.xed 
percentage  on  the  investment,  most  of  the  incentive  to 
economic  management  vanishes.  The  new  law  under 
which  the  Boston  Elevated  Railway  is  to  be  operated 
is  very  defective  because  it  fixes  the  dividends. 

W'c  believe  that  all  net  earnings  in  excess  of,  say, 
6  per  cent  on  the  investment  in  the  plant,  should  be 
e(|ually  divided  between  the  company  and  the  public 
treasury,  after  the  plan  that  has  worked  so  success- 
fully with  the  Chicago  street  railways.  In  this  way 
the  public  secures  the  benefits  of  public  ownership, 
yet  without  buying  the  plant,  and  coincidently  it  keeps 
the  street  railway  out  of  politics. 

Up  to  the  present,  engineers  as  a  body  have  given 
no  attention  to  the  laws  under  which  public  utility 
commissions  operate.  There  are  few  more  important 
public  (juestions  than  this  one  of  the  control  of  pub- 
lic utilities.  Aside  from  engineers,  no  one  has  done 
much  towaril  a  scientific  solution  of  rate  problems. 
There  are  hundreds  of  engineers  qualified  to  give  ex- 
pert advice  to  engineering  societies  as  to  the  best 
general  methods  of  regulating  public  utilities,  both 
)is  to  rates  and  as  to  ser\'ice.  Engineering  societies 
.•ihoulil  secure  the  advice  of  such  men  and  then  take 
active  steps  to  eflTcct  an  entire  revision  of  public  se^^■- 
ice  commission  laws  in  every  state  in  America. 
) 
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Reducing  the  Peak  Load  of  Street 

Railways  by  Staggering  the 

Business  Hours 

The  economic  principle  of  securing  a  higher  "load 
factor"  and  reduced  "peak  load"  has  seldom  i-eceived 
adequate  study  except  in  a  few  industries  where  en- 
gineers have  had  a  voice  in  the  management.  In  the 
generation  and  sale  of  electric  energy,  engineers  have 
long  enjoyed  the  confidence  of  the  operating  heads 
of  the  electric  companies,  and  engineers  have  fre- 
quently been  the  operating  heads  of  such  companies. 
Consequently  electric  companies  have  learned  the 
economic  importance  of  high  load  factors.  A  load 
factor  is  the  ratio  of  the  actual  output  to  the  full  ca- 
pacity output  of  a  plant. 

In  street  car  service  the  load  factor  has  always 
been  extremely  low,  because  of  the  very  high  peak 
loads  for  a  short  time  in  the  morning  and  early  eve- 
ning. To  reduce  these  peak  loads,  two  methods  have 
been  recently  devised:  (1)  The  staggering  of  the 
working  hours  in  industrial  establishments,  and  (2) 
the  encouragement  of  the  custom  of  shopping  during 
the  "off  peak"  or  non-rush  hours  of  the  day.  In 
Rochester,  N.  Y..  a  central  committee  of  citizens  in- 
duced manufacturers  and  others  to  stagger  their 
hours  of  opening  and  closing,  and  this  immediately 
relieved  the  congestion  of  street  cars  enormously. 

A  committee  of  engineers  reported  not  long  ago  to 
the  War  Board  of  the  American  Electric  Railway  As- 
sociation that  a  marked  increase  in  the  efficiency  of 
the  .street  railways  in  Washington,  D.  C,  could  be 
effected  by  staggering  the  office  hours  of  the  50,000 
Government  employes.  At  4  p.  m.,  155  cars  handle 
the  traffic,  but  an  hour  later  545  cars  are  required  and 
they  are  jammed  full.  The  suggestion  was  made  that 
the  offices  should  be  divided  into  four  groups,  the  first 
group  being  opened  at  8:30  a.  m.  and  the  other  groups 
at  intervals  of  15  minutes. 

The  staggering  of  business  hours  not  only  results 
in  better  service  with  fewer  cars,  but  it  effects  a  sub- 
stantial reduction  in  fuel.  In  Rochester  the  increased 
load  factor  resulting  from  staggering  the  hours, 
coupled  with  more  systematic  coaling  of  the  car  heat- 
ers, effected  a  saving  of  17  per  cent  of  the  fuel,  or 
100  tons  daily.  This  was  accomplished  without  the 
"skip  stop"  plan,  which  will  probably  effect  a  further 
saving  of  10  per  cent. 

Important  as  fuel  saving  is,  it  is  of  minor  conse- 
quence compared  with  the  reduced  number  of  cars 
and  the  reduced  size  of  the  electric  power  plant 
needed  when  the  peak  load  has  been  cut  down. 

Civil  engineers  should  give  careful  thought  to  every 
innovation  that  lowers  a  peak  load,  for  the  greater 
number  of  such  examples  stored  in  the  memory  the 
greater  the  likelihood  that  an  en-gineer  will  see  new 
opportunities  to  apply  this  economic  principle. 

Some  years  ago  we  called  attention  to  the  applica- 
tion of  the  load  factor  principle  by  the  telegraph  com- 
panies when  they  introduced  the  "night  letter"  plan 
of  sending  50  words  at  the  day  rate  price  for  10.  This 
plan  greatly  increased  the  net  earnings  by  securing 
"off  peak"  business  that  could  not  have  been  obtained 
otherwise.  Possibly  our  street  railways  will  ulti- 
mately adopt  a  similar  plan  to  encourage  shopping 
during  "off  peak"  hours.  Thus  if  6  ct.  is  the  normal 
fare,  a  4  ct.  fare  during  the  hours  of  10  a.  m.  to  3 
p.  m.  would  doubtless  increase  the  transportation  at 
a  time  of  the  day  when  both  the  merchants  and  the 
street   car   company   would    welcome    an    increase    in 


their  "load."  The  Bay  State  Street  Ry.  is  the  first  to 
have  introduced  a  reduced  rate  for  off-peak  riding. 
It  is  not  risking  much  to  prophesy  that  the  plan  will 
be  a  success  and  will  be  adopted  eventually  by  most 
of  the  street  railways  in  America. 


Why  Engineers  Should    Prepare 
Revisions  of  Public  Utility 
Laws 

The  day  will  come — let  us  hope  that  it  will  be  soon 
— when  we  can  turn  to  periodicals  devoted  to  the  op- 
eration of  steam  and  electric  railways  with  an  as- 
surance of  finding  more  space  devoted  to  the  eco- 
nomics of  operation  and  less  to  rate  cases  and  Gov- 
ernment control.  During  the  past  10  years  a  stead- 
ily increasing  volume  of  editorial  and  other  articles 
relating  to  state  and  Federal  regulation  has  been 
printed  in  railway  magazines.  Indeed,  the  editors  of 
some  of  these  periodicals  have  reached  a  point  where 
they  can  write  of  little  else  than  about  the  relations 
of  the  transportation  companies  to  the  public.  Yet 
in  spite  of  all  this  publicity,  engineering  societies 
have  taken  very  little  active  interest  in  the  tremend- 
ously important  problems  involved  in  Government 
control  of  railways.  True,  there  have  been  published 
in  society  transactions  hundreds  of  papers  and  com- 
mittee reports  on  the  technicalities  of  appraisals  and 
ratemaking.  But  is  it  not  highly  significant  that  not 
a  single  engineering  society  committee  has  ever  re- 
ported on  the  laws  that  provide  for  the  regulation 
of  public  utility  companies?  Does  not  this  fact  alone 
show  how  slow  engineers  have  been  to  recognize 
their  full  public  duty? 

Accustomed  to  regard  law  making  as  being  entirely 
within  the  province  of  legislators  and  lawj'ers,  engi- 
neers have  not  generally  realized  that  they  are  more 
competent  to  draft  laws  relating  to  public  utility 
service  and  rates  than  are  any  other  class  of  men. 
Engineers  have  both  the  scientific  and  the  economic 
knowledge  essential  in  writing  laws  that  are  to  gov- 
ei-n  the  correct  application  of  engineering  and  eco- 
nomic science  in  determining  rates  of  charge  and 
character  of  public  utility  service.  Other  men,  with 
a  few  individual  exceptions,  are  not  thus  qualified. 

It  is  now  becoming  evident  to  the  public  itself  that 
something  is  wrong  with  its  public  service  commis- 
sion control  of  method  of  utility  regulation.  As 
noted  in  another  editorial,  the  state  that  first  intro- 
duced commission  control  of  public  utilities,  Massa- 
chusetts, has  virtually  repudiated  the  plan.  Not  only 
has  Massachusetts  evolved  an  entirely  new  plan  for 
the  largest  street  railway  system  in  Massachusetts, 
but  the  General  Court  (Legislature)  has  provided  for 
several  other  distinct  plans  for  other  traction  lines. 
Harlow  Clark,  in  the  June  issue  of  "Aera,"  said: 

It  i.s  scarcely  too  much  to  say  that  the  theory  of  state  regru- 
lation  ot  electric  railways  has,  by  these  acts  of  the  General  Court. 
been  relegated  to  the  past  so  far  as  Massachusetts  is  concerned. 
The  supervision  of  nearly  one-half  of  the  mileage  ot  the  com- 
monwealth has  been  removed  entirely  from  the  Public  Service 
Commission,  except  as  to  some  unimportant  details,  and  the 
power  to  regrulate  rates  for  the  remainder  of  the  properties  has 
been  taken  from  it.  except  in  the  case  of  railways,  which  may 
not  elect  to  come  under  the  provisions  of  the  cost  of  service  act. 

We  are  not  of  the  opinion  that  public  service  com- 
mission regulation  of  public  utilities  has  failed  com- 
pletely, nor  do  we  look  for  a  general  abandonment 
of  the  public  service  commission  plan.  But  we  do 
look  to  see  radical  changes  in  the  laws  under  which 
these  commissions  operate.  Now  is  the  time  for  engi- 
neering societies  to  study  these  laws  with  a  view  to- 
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bettering  them.  Then,  having  prepared  a  atandard 
or  model  bill,  enffineering  sucietie.n  xhould  Meek  the 
aid  of  chambers  of  commerce  and  other  associations 
in  securing  its  enactment  into  law  in  every  state. 


Lane  Says  the  Ciovernnient  Should 
Own  the  "Standardized"  In- 
dustries, liut  \\  here 
Are  They? 

Franklin  K.  I.ano,  seiietary  of  the  interior,  seldom 
speaks  injudiciously;  but,  being  u  lawyer,  it  can 
scarcely  be  expected  that  he  will  always  speak  wisely 
on  matters  involving  economics.  At  the  annual  con- 
vention of  the  I'.  S.  Chamber  of  Commerce  he  talked 
inspiringly  on  the  New  Democracy.  But  he  evidently 
indorsed  Ciovernment  ownership  of  certain  public 
utilities  on  the  ground  that  they  have  become  "stand- 
ardized industries."    He  said: 

Th«>  il,Miioi-ra,y  for  whirh  1  main]  iiml  liilo  wlilch  \vc  wUI 
•urely  Krow  In  n  (U-inoorwy  which  Is  »o<lul  iiml  economic.  1  do 
nol  b*lli>v*  In  the  theory  that  all  enterprlne  can  he  carried  on 
by  the  Kovernnienl  wlHely  anil  well,  because  tho«e  of  you  who 
have  had  administrative  experience  know  that  managerial  ability 
In  rare;  that  i;overnmentnl  methods  are  wasteful:  that  there  are 
thInKS  which  have  been  standardized  which  can  safely  be  left 
to  the  hands  uf  Kiivernment.  but  that,  alK)ve  all.  we  must  save 
personal  Initiative,  the  Inventive  power  of  the  human  mind.  But 
where  a  point  of  standardization  has  been  reached  In  an  Indus- 
try, why  should  not  government  take  that  Industry  Into  Us  own 
hand  and  carry  It  on?  It  la  only  a  (luestlon  of  B»vernmental 
efflcleiicy. 

Read  again  these  last  two  .sentences  and 
weigh  their  purport.  Our  Government  has  tem- 
porarily taken  over  the  steam  railways  and  the 
telegraph  ana  telephone  lines.  Now  if  it  were 
plannetj  to  retain  them  permanently  what  better 
major  premise  could  be  formulated  for  an  argument 
in  favor  of  Government  ownership  than  the  one  in- 
volved in  that  next  to  last  sentence?  The  syllogism 
then  would  be: 

Every  completely  standardized  industry  should  be 
owned  by  the  Ciovernment. 

American  railways  are  a  completely  standardized 
industry.  Hence  American  railways  should  be  owned 
by  the  Government. 

Both  the  major  and  the  minor  premise  sound  plausi- 
ble, and,  if  granted,  the  conclusion  inevitably  follows. 
But  neither  premise  should  be  admitted  without  proof. 
First,  we  should  inijuire  what  is  meant  by  the  ex- 
pression "standardized."  Apparently  Mr.  Lane  has 
in  mind  a  plant  that  is  susceptible  of  no  further  eco- 
nomic improvement  through  invention  and  the  initia- 
tive of  men  acting  under  the  inducement  of  personal 
profit;  for  he  couples  the  statement  that  "govern- 
mental methods  are  wasteful"  with  the  statement  that 
"we  must  save  personal  initiative  and  the  inventive 
power  of  the  human  mind."  Apparently  Mr.  Lane 
thinks  that  some  industries  have  reached  a  condition 
of  complete  "standardization,"  and  apparently  he 
means  by  that  a  condition  where  neither  personal  in- 
itiative nor  invention  can  accomplish  much  further 
improvement.  Does  he  have  in  mind  the  railways? 
If  so,  he  has  very  little  idea  of  the  economic  progress 
of  railway  transportation  in  recent  years,  and  of  the 
enormous  potential  progress  when  adequate  capital  is 
made  available  through  an  insurance  that  all  the  in- 
creased profits  will  not  be  seized  by  the  public. 

Mr.  line's  greatest  mistake  lies  in  the  assumption 
that  any  industry  will  ever  become  so  completely 
"standardized"  that  it  will  cease  to  improve  econom- 
icallv   under   the   influence   of   invention   and   the   in- 


centive of  further  profit  Yet  his  error  is  not  uncom- 
mon among  men  who  lack  scientific  training  and  ex- 
perience in  applied  technolog>-. 

A  public  service  commissioner  not  long  ago  asked 
an  engineer  witness  how  it  was  that  if  engineers 
struggled  constantly  toward  the  goal  of  perfect  econ- 
omy they  would  not  some  day  reach  the  goal.  The 
commissioner  was  a  keen  lawyer,  a  man  of  learning 
and  common  .st-nse,  yet  it  was  difficult  for  him  to  see 
the  false  analogy  between  the  fixed  goal  in  a  game  of 
.skill  and  the  constantly  receding  "goal"  in  the  great 
game  of  applied  science.  Probably  he  could  not  have 
understood  the  deep  significance  of  Lsaac  Newton's 
remark  about  scientific  knowledge:  "I  feel  like  a 
boy  who,  having  gathered  a  few  pebbles  from  the 
ocean's  shore,  contemplates  the  vastness  of  what  he 
does  not  hold." 


Economic   Problems   Should  Not 
Be  Submitted  to  Popular  Vote 

To  submit  economic  problems  to  the  general  public 
for  solution  is  quite  as  foolish  as  it  would  be  to  per- 
mit voters  to  decide  how  General  Foch  should  solve 
the  military  problems  that  confront  him.  Yet  this 
sort  of  folly  is  still  prevalent,  particularly  in  mu- 
nicipal governments.  For  example,  after  the  Oregon 
Public  Service  Commission  had  ordered  a  6  ct.  street 
railway  fare  in  Portland,  the  people  voted,  two  to 
one,  to  permit  jitneys  to  compete  with  the  street  cars; 
the  obvious  object  being  to  nullify,  as  far  as  possi- 
ble, the  attempt  of  the  Public  Service  Commission 
to  give  financial  relief  to^the  street  railway  company. 
An  ignorant  public  takes  a  hand  in  an  economic  prob- 
lem and  exercises  the  "inalienable  right  of  American 
citizens"  to  decide  upon  matters  that  can  only  be  de- 
cided fairly  and  properly  by  economic  experts  who 
have    nothing   personally    at    stake. 


Increased  Fares  for  Street  Railways 

The  citizens  of  Sioux  Falls,  S.  D.,  have  permitted 
the  street  railway  to  increase  its  fare  to  6  ct.  This 
is  the  first  time  that  a  higher  street  car  fare  has  been 
secured  by  a  referendum  vote.  It  is  significant  in 
that  it  shows  a  public  disposition  to  grant  increased 
rates  to  a  public  utility  company  when  public  sym- 
pathy is  aroused  by  evident  increases  in  prices  of 
materials  and  wages.  Several  cities  in  New  York 
state  have  shown  a  similar  disposition.  Following  a 
decision  of  the  state  supreme  court  that  where  a  fran- 
chise limits  the  fare  to  5  ct.  the  Public  Service  Com- 
mission can  not  raise  it,  the  city  council  of  Syracuse 
decided  not  to  oppose  the  6  ct.  fare  granted  by  the 
Commission;  and  several  smaller  cities  have  shown 
a  similar  attitude. 

In  about  100  cities  either  a  6  ct.  fare  or  a  "zone 
fare"  has  already  been  put  into  effect,  the  largest 
city  being  St.  Louis  and  the  next  largest  being  Pitts- 
burgh. 

Probably  the  most  effective  reason  for  granting 
higher  fares  has  been  the  rise  in  wages.  This  is  a 
factor  that  the  public  can  understand  and  one  that 
arouses  its  sympathy.  When  the  employes  of  a  street 
railway  company  petition  n  city  council,  as  they  re- 
cently did  in  Philadejphia,  to  grant  a  G-ct.  fare  so 
that  the  company  can  raise  their  wages,  there  is  apt 
to  be  favorable  action  by  the  city  council. 

In  spite  of  the  voluntary  granting  of  increased  fares 
to  companies  by  cities,  in  many  cases,  sight  should 
not  be  lost  of  the  fact  that  neither  the  general  pub- 


(49) 


274 


ENGINEERING     AND     CONTRACTING 


Vol.  50,  No.  12. 


iic  nor  a  city  council  is  a  proper  tribunal  to  decide 
rate  cases.  A  rate  case  usually  involves  so  many 
economic  factors  that  no  one  but  an  expert  can  be 
relied  upon  to  interpret  all  the  factors  correctly.  If 
every  rate  case  were  decided  by  a  board  of  appraisal 
and  rate  engineers,  there  would  be  few  instances  of 
injustice  either  to  the  public  or  to  the  companies. 


The  British  Engineering  Review 
Issue  of  E.  and  C. 

To  the  Editor:  I  wish  to  congratulate  the  manage- 
ment of  "Engineering  and  Contracting"  for  the  excel- 
lent British  Engineering  Review  number  issued  July 
31,  1918. 

It  is  not  often  that  American  engineers  are  priv- 
ileged to  find  out  as  much  regarding  the  practice  in 
foreign  countries.  The  number  is  timely  on  account 
of  the  very  great  interest  of  Americans  in  European 
affairs. 

As  one  of  your  readers,  I  sincerely  trust  you  will 
find  your  way  clear  to  illustrate  the  engineering  prac- 
tice in  other  foreign  countries. 

I  extend  my  best  wishes  for  the  continued  success 
of  "Engineering  and  Contracting." 

D.  J.  Brumley, 
Valuation   Engineer, 

Chicago,  111.  Illinois  Central  R.  R. 


Cleaning  Soot  from   Smoke   Stacks  with 
Blasting  Powder 

A  simple  method  of  cleaning  out  soot  from  large 
smoke  or  kiln  stacks  consists  in  shooting  the  stack 
with  a  special  type  of  gun  and  FFF  blasting  powder. 
It  is  stated  that  this  method  can  be  used  in  cleaning 
either  lined  or  unlined  stacks,  brick  or  steel,  without 
any  fear  of  injury  to  either  the  stack  or  the  lining. 

The  gun  can  be  made  out  of  an  old  piece  of  shafting 
about  4  in.  in  diameter  and  14  in.  to  16  in.  long.  Bore 
a  hole  1%  in.  in  diameter  and  10  in.  long  in  the  center 
of  the  piece.  Then  bore  a  small  horizontal  hole  V-i 
in.  in  diameter  through  the  piece  to  the  bottom  of  the 
center  bore.  This  hole  serves  as  a  touch  hole  for 
inserting  the  fuse.  The  whole  thing  can  be  mounted 
on  a  pedestal  about  6  in.  in  diameter  so  that  it  will 
stand  in  an  upright  position. 

The  method  of  operation  is  as  follows :  Pour  some 
FFF  blasting  powder  into  the  mouth  of  the  cannon 
to  about  2  in.  from  the  top.  Tamp  to  the  collar  with 
dry  clay.  A  short  piece  of  fuse  is  inserted  in  the 
touch  hole  and  in  contact  with  the  main  powder 
charge.  Open  the  flue  door  at  the  bottom  of  the 
stack,  set  the  cannon  on  the  bottom  and  in  the  center 
of  the  stack,  light  the  fuse  and  close  the  flue  door. 

The  explosion  shakes  and  loosens  the  soot  adhering 
to  the  sides,  causing  it  to  fall  to  the  bottom.  It  can 
then  be  removed  through  the  flue  opening. 

A  charge  of  8  in.  of  FFF  powder,  1%  in.  in  diameter, 
is  sufficient  for  a  stack  up  to  100  ft.  high  and  4  ft.  in 
diameter,  or  over.  The  number  of  shots  necessary 
to  thoroughly  clean  a  stack  depends  upon  its  condition. 
Ordinarily  three  or  four  shots  will  clean  a  stack  but 
if  very  dirty  it  may  require  m9re.  The  size  of  the 
charge  and  length  of  the  cannon  can  be  regulated  to 
suit  the  height  and  diameter  of  the  stack. 

One  of  the  largest  manufacturing  concerns  in  the 
country  has  used  this  method  for  several  years,  with- 
out an  accident  or  injury  in  any  way  to  the  stacks. 
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Sanitation  of  Construction  Camps 

In  these  days  of  military  activity,  with  soldiers 
widely  scattered  throughout  the  land,  a  camp  is  nat- 
urally conceived  of  as  having  to  do  with  war,  and 
relatively  little  thought  is  given  to  those  gatherings 
of  men  who  are  occupied  with  the  activities  of  peace. 
There  are,  however,  certain  well  defined  differences 
between  labor  camps  and  those  of  soldiers,  the  most 
notable  of  which  is  the  existence  of  military  author- 
ity in  the  one  and  its  entire  absence  in  the  other.  This 
point  is  brought  out  by  Dr.  W.  P.  Mason,  Professor 
of  Chemistry,  Rennsselaer  Polytechnic  Institute,  in  a 
paper  presented  at  the  annual  meeting  of  the  Franklin 
Institute.  In  his  paper,  an  abstract  of  which  is  given 
below.  Dr.  Mason  discusses  various  methods  for  the 
sanitation  of  construction  camps,  and  describes  sev- 
eral devices  developed  by  the  army  that  are  applica- 
ble to  labor  camps. 

Of  all  the  forms  of  danger  which  may  accompany 
camp  life,  that  arising  from  the  presence  of  human 
dejecta  is  the  one  requiring  the  most  serious  consid- 
eration. How  shall  this  material  be  handled  so  as  to 
deprive  it  of  power  to  become  a  menace  to  health? 
Even  when  the  number  of  men  employed  on  the  job 
is  small,  it  will  never  be  wise  to  allow  them  free  li- 
cense to  act  as  they  see  fit  in  the  matter  of  disposing 
of  their  bowel  discharges.  This  is  particularly  true 
if  the  job  be  one  involving  the  possible  pollution  of  a 
public  water  supply. 

The  Straddle  Trench. — So  simple  a  device  as  a 
"straddle  trench"  is  quickly  made  and  easily  cared 
for,  and,  if  well  located,  possesses  the  advantage  of 
placing  the  material  collected  in  a  portion  of  the  soil 
where  pathogenic  bacteria  will  find  conditions  least 
likely  to  favor  their  longevity. 

A  straddle  trench  should  be  dug  12  in.  wide,  12  in. 
deep,  and  as  long  as  circumstances  demand.  Dejecta 
placed  therein  and  covered  at  once  with  the  excavated 
earth  will  be  quickly  destroyed,  in  contrast  with  what 
happens  to  it  when  deposited  in  pits  many  feet  deep. 
In  the  latter  case  the  action  is  one  of  imprisonment 
rather  than  destruction. 

It  would  seem  scarcely  necessary  to  urge  attention 
to  the  selection  of  a  proper  site  for  a  straddle  trench, 
and  yet  it  was  lack  of  good  judgment  in  such  a  mat- 
ter that  caused  an  outbreak  of  typhoid  fever  in  a  New 
England  community  through  the  washing  out  by 
heavy  rainfall  of  dejecta  carelessly  buried  on  a  steep 
hillside. 

No  more  safe  method  of  disposal  for  small  amounts 
of  night  soil  can  be  secured  than  placing  it  in  small 
lots  just  under  the  surface  of  the  ground  in  a  level 
sandy  loam.    It  is  the  privy  system  at  its  best. 

New  Railroad  Device  and  the  Privy  System. — A  de- 
vice has  been  under  trial  by  one  or  more  railroads 
whereby  a  certain  speed  has  to  be  attained  by  the  car 
before  the  toilet  pans  can  be  dumped.  While  the 
train  is  standing  at  stations  or  while  it  is  slowly  ap- 
proaching or  leaving  them  the  pans  are  automatically 
locked.  The  advantage,  so  far  as  cleanliness  of  the 
station  is  concerned,  is  apparent,  but  benefit  reaches 
further  than  that,  for  the  reason  that  the  material 
discharged  at  a  high  rate  of  train  speed  is  spread 
over  much  ground,  which  increases  the  opportunity 
for  natural  purifying  agencies  to  do  their  work. 

A  simple,  old-fashioned  privy  system  is  often  the 
only  one  which  will  fit  camp  conditions,  but  deep  pits 
are  then  usually  a  necessity.  Flies  must  be  abso- 
lutely excluded  from  the  possibility  of  reaching  the 
excreta,  seat-covers  must  always  be  provided,  and 
must  be  so  constructed  as  to  be  self-closing  when  the 
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seat  is  vacated,  and  the  ventilating  window  must  be 
screened.  The  seat-box  should  be  movable  to  allow 
of  the  pit  bein^  burned  out  with  straw  and  oil  three 
times  a  week,  if  not  oftener. 

As  camps  grow  in  size,  the  labor  of  properly  caring 
for  thi-m  increases.  Men  have  to  be  employed  whose 
entire  time  is  devoted  to  sanitary  work.  Proper  water 
carriage  of  sewage,  night-soil  rt-movai,  and  incinera- 
tion of  garbage  are  matters  that  fall  under  the  care 
of  such  men. 

A  complete  water-closet  system  contemplates  sewers 
and  also  a  disposal  plant,  unless  there  be  available 
either  some  large  body  of  water  into  which  raw  sew- 
age can  safely  be  dischargeil,  or  else  an  almost  un- 
limited area  of  suitable  sandy  soil  for  disposal  by 
irrigation.  At  one  of  our  cantonments  where  some 
thousands  of  men  are  collected,  the  raw  sewage,  after 
coarse  screening,  is  run  into  a  blind  ditch  in  the  sand 
which  ditch  is  simply  e.xtended  as  its  side  slopes  and 
bottom  becomes  clogged.  Clogging  is  delayed  by  suit- 
able use  of  a  rake.  Nothing  could  be  simpler,  but 
'  the  character  of  the  soil  reiiuisite  for  such  a  solution 
of  the  sewage  problem  is  rarely  found,  and  when 
found  cannot   be   unduly   overworked. 

Night-soil  removal,  or  the  can  system,  involves 
burying  the  can  contents  or  else  burning  them,  and 
the  decision  is  sometimes  in  favor  of  employing  both 
methods,  although  burying  is  the  more  common. 

Incinerators. — For  a  simple  device,  calculated  to 
provide  for  a  reasonable  number  of  men,  and  es- 
pecially suitable  for  garbage  destruction,  the  Wood- 
ruff pit  is  worthy  of  attention.  It  is  merely  a  circular 
hole  in  the  ground,  10  ft.  in  diameter  and  about  4  ft. 
deep,  with  the  ^ides  lined  up  with  field  stones.  In 
the  center  is  a  conical  pile  of  the  same  stones  to  act 
as  a  sort  of  draft  chimney.  This  pile  can  be  advan- 
tageously supplemented  by  a  couple  of  lengths  of 
the  pipe,  or  even  old  stovepipe.  A  good  fire  of  wood 
havinir  been  started  in  this  pit,  a  very  considerable 
amount  of  camp  refuse  can  be  disposed  of  by  judicious 
firing.  Liquids  should  be  slowly  poured  down  the  hot> 
side  stone  so  as  to  encourage  rapid  evaporation.  If 
liquids  be  added  in  too  great  bulk  or  thrown  on  too 
quickly  they  are  likely  to  pass  the  fire  zone  and  reach 
a  lower  level  where  they  may  start  a  nuisance. 

One  disadvantage  of  the  Woodruff  pit  or  of  any 
other  type  of  open  fire  is  that  when  the  wind  is  high, 
light  materials  will  often  be  blown  about  the  camp; 
this  is  especially  objectionable  if  these  materials 
chance  to  he  what  are  known  as  "camp  butterflies,"  or 
toilet  paper. 

Urine  can  be  well  disposed  of  by  the  stone-filled 
soakage  pits,  adopte<l  by  the  British  Army,  into  which 
long  funnels  of  wood  or  tin  are  extended.  Fouling  of 
the  ground  with  consequent  fly  infection  is  thus 
avoided. 

At  one  large  New  York  camp  a  non-portable  furnace 
was  built  which  worked  successfully.  It  consisted 
of  three  levels,  of  which  the  bottom  one  held  the  fire. 
The  top  level  was  a  shelf  extending  from  the  front 
half-way  or  more  toward  the  back  wall,  and  upon 
this  shelf  was  thrown  the  material  to  be  destroyed. 
The  middle  level  was  also  a  shelf  of  about  the  size 
of  the  top  one,  but  it  extendeii  from  the  back  wall  out 
toward  the  front.  Thus  the  hot  products  of  com- 
bustion followed  a  curved  course  under  and  over  the 
materials  on  the  two  shelves.  When  the  charge  on 
the  top  shelf  had  become  thoroughly  dried  it  was 
pushed  back  so  as  tr^  fall  on  the  middle  shelf,  and 
when  it  had  thoroughly  charred  in  that  position  it 
was  pulled  forward  and  fell  upon  the  fire. 


The  PlattMbufR  Furnace. — A  militar>'  furnace  de- 
veloped at  I'lattsburg  is  operated  without  drying 
shelves.  Its  length  is  greater  than  its  height,  and 
the  garbage  charge  is  dumped  directly  upon  the  fire 
through  a  trap-door.  The  fuel  is  cordwood.  Around 
the  sides  of  the  combustion  chamber  run  iron  water 
pipes  that  act  like  the  water-back  of  a  kitchen  range 
and  supply  hot  water  with  which  to  wash  the  cans 
in  which  the  garbage  is  collected.  The  process  is  not 
continuous,  and  a  new  fire  has  to  be  started  every 
morning. 

While  garbage  is  usually  incinerated  in  a  furnace 
such  lus  this  or  in  a  Woodruff  pit  or  in  some  still 
.•simpler  arrangement  burning  either  wood  or  coal,  yet 
it  generally  contains  so  much  combustible  material 
that  a  device  less  costly  in  the  matter  of  fuel  con- 
sumption  is  to  be  preferred. 

The  Canadian  camps,  or  at  least  some  of  them,  are 
using  a  furnace  which  is  designed  to  operate  continu- 
ou.sU-  without  any  other  fuel  than  that  contained  in 
the^iirbage  itself  after  an  initial  fire  of  wood  has  been 
l)uilt  as  a  starter. 

F]xcellent  results  have  been  secured  in  France  by 
constructing  incinerator  walls  out  of  old  oil  cans 
filled  with  puddled  clay.  After  a  wall  built  in  such 
a  manner  had  been  fired  it  proved  very  stable.  Similar 
cans  used  empty  produced  a  reliable  chimney,  and 
old  railroad  iron  thrust  irregularly  through  the  fur- 
nace walls  supplied  supports  for  the  garbage  charge 
iind  permitted  air  to  reach  scattered  points  through- 
out the  mass. 

It  has  been  found  of  advantage  to  follow  the  intro- 
duction of  old  tin  cans  of  every  description  into  the 
furnace  with  the  garbage,  as  thereby  a  desirable  "por- 
osity" was  given  to  the  material  being  burned. 

Horse  manure  can  be  burned  by  arrangement  such 
as  just  described,  but  the  destruction  of  valuable  fer- 
tilizing material  savors  of  decided  waste,  and,  more- 
over, a  labor  camp  rarely  contains  enough  horses  to 
demand  military  measures.  Fifty  horses  will  make 
about  a  wagonload-of  manure  daily,  but  however 
small  the  volume  may  be,  provision  must  be  made  to 
prevent  its  becoming  a  breeding  place  for  flies. 
Usually,  although  not  always,  farmers  are  found  will- 
ing to  cart  manure  away  for  use  upon  their  crops, 
in  which  case  it  is  of  interest  to  be  certain  that  it  is 
hauled  to  a  sufficient  distance  before  it  is  piled; 
otherwise,  as  a  large  camp  presents  many  attractions 
tor  tlies,  the  insects  are  likely  to  find  it  if  the  haul 
should  be  a  short  one. 


Divi.sioii  of  Inland  Waterways  ( .'rea t i-d 

The  administrative  supervision  of  waterways  has 
been  placed  under  the  control  of  the  United  States 
Kailroad  Commission.  G.  A.  Tomlinson  has  been 
appointed  director  of  the  new  division  which  will  be 
on  an  equal  plane  with  the  other  principal  divisions 
of  the  Railroad  Administration.  Under  Mr.  Tomlin- 
son's  general  direction  will  be  the  Krie  Canal,  the 
Delaware  Karitan  ('anal,  the  Cape  Cod  Canal,  the 
Mississippi  &  Warrior  Waterways,  and  any  other  in- 
land waterways  which  may  be  taken  under  the  con- 
tnd  of  the  Kailroad  Administration  in  the  future.  Mr. 
Tomlinson  at  the  present  time  is  Federal  manager  of 
.New  York  and  New  Jersey  canals  under  the  Railroad 
Administration,  and  also  had  been  a  member  of  the 
Inland  Waterways  Committee.  The  position  of  Fed- 
eral manager  of  New  York  and  New  Jersey  canals 
previously  held  by  him  will  be  filled  in  the  near  fu- 
ture. 
1) 
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The  Well  Drilling  Method  of 
Blasting  at  Quarries 

The  usual  method  of  blasting  at  large  quarries  at 
the  present  time  is  the  well  drill  method.  An  interest- 
ing description  of  this  system  appears  in  a  recent  issue 
of  the  Du  Pont  Magazine,  from  which  the  matter  fol- 
lowing is  abstracted. 

By  means  of  this  well  drill  adapted  to  this  purpose, 
holes  are  drilled  in  the  rock  the  entire  depth  of  the  face 
of  the  quarry.  They  are  usually  15  to  30  ft.  back  from 
the  face,  this  distance  being  known  as  the  burden, 
and  are  spaced  about  15  to  20  ft.  apart,  5%  in.  in 
diameter  being  the  most  usual  size.  Any  number  of 
these  holes  can  be  fired  by  appropriate  means  at  one 
time,  but  usually  not  more  than  40  or  50  are  attempted. 
By  adapting  the  explosives  used  to  the  nature  of  J:he 
rock,  it  is  possible  to  break  it  up  in  the  size  desired, 


Buffer    Shot:      Broken    stone    left    in    place    to    prevent    fragments 
flying    from    the    next    blast. 

and  when  properly  spaced  with  the  right  burden,  the 
broken  rock  is  thrown  out  on  the  quarry  floor  without 
being  scattered  too  far  or  without  doing  damage  to 
buildings  or  other  equipment  unless  some  unseen 
weakness  e.xists  in  the  rock  which  cannot  be  guarded 
against.  This  is  the  most  economical  method  of  blast- 
ing rock  for  crushing  at  the  present  time,  but  requires 
a  rather  large  and  expensive  equipment  to  handle  it 
successfully.  Although  it  is  occasionally  loaded  by 
hand  into  the  cars  to  go  direct  to  the  crusher,  the  more 
efficient  way  is  by  means  of  the  steam  shovel,  by  means 
of  which  broken  stone  is  loaded  into  a  train  of  cars, 
which  are  taken  to  the  crusher  by  a  locomotive. 

One  of  the  advantages  of  the  well-drill  system  of 
blasting  is  that  it  admits  of  what  is  known  as  the 
"buffer"  system  of  shooting.  The  illustration  shows 
an  example  of  this.  It  consists  of  throwing  out  a  mass 
of  broken  rock  in  such  a  way  that  subsequent  blasts 
can  be  fired  before  it  is  removed;  that  is,  piling  the 
debris  up  against  the  mass  which  has  already  been 
thrown  out.  In  this  way  the  rock  from  the  first  and 
second  shots  lies  between  the  face  and  the  steam 
shovel,  so  that  the  operation  of  the  steam  shovel  is 
not  suspended  at  any  time.  When  this  method  is 
used,  the  steam  shovel,  and  the  cars  which  it  fills,  run 
on  tracks  parallel  to  the  quarry  face  which  is  being 


blasted.  The  rock  from  each  blast  is  simply  piled  up 
on  top  of  and  against  previous  blasts  and  is  not 
thrown  out  on  the  quarry  or  on  the  tracks  and  equip- 
ment, so  that  the  drilling  and  blasting  can  go  on 
almost  continuously  and  the  tracks  and  equipment  are 
never  disturbed. 

The  limit  in  depth  for  well  drills  is  from  about  30 
to  130  ft.  Holes  shallower  than  30  ft.  are  not  econom- 
ical by  the  well  drill  method  and  holes  deeper  than 
130  ft.  are  not  often  drilled,  on  account  of  the  numer- 
ous difficulties  which  such  a  deep  hole  would  entail. 

Where  slips  and  seams  are  known  to  exist  in  the 
face  of  a  quarry,  it  is  possible  to  guard  against  acci- 
dents sometimes  by  reducing  the  load  of  explosives 
at  the  weak  point;  this  can  be  done  by  breaking  the 
charge,  as  it  is  called,  which  is  simply  loading  sand 
or  rock  dust  into  the  hole  at  the  weak  point. 

Not  all  quarries  lend  themselves  to  the  economic 
use  of  the  well-drill  method.  While  limestone  quarries 
which  have  a  fairly  soft  rock  to  drill  can  be  handled  in 
this  way  no  matter  what  the  angle  of  stratification, 
harder  rocks,  such  as  syenite,  granite,  diabase,  cannot 
be  successfully  worked  by  this  method  unless  the 
stratification  is  horizontal,  or  nearly  so,  as  the  bits 
are  liable  to  jam  in  the  crevices  where  the  rock  seams 
form  an  acute  angle  with  the  line  of  the  bore  hole. 


Motor  Driven  Cars  Operated  by  One  Man 
in  Quarry  Transportation 

Motor  driven  dump  cars,  operated  by  one  man  from 
a  central  tower,  are  employed  at  the  quarry  of  the 
Casarpis  Stone  Co.,  Kenneth,  Ind.,  for  delivering  to 
the  crusher  5,000  to  6,000  tons  of  rock  per  10  hour  day. 
The  installation  is  described  in  a  recent  issue  of  the 
Electric  Railway  Journal,  from  which  the  matter  fol- 
lowing is  abstracted. 

The  20  dump  cars  are  served  by  three  steam  shov- 
els. The  cars  receive  their  motive  and  control  energy 
from  a  third  rail  system,  at  a  central  control  tower. 
Except  for  their  motor  drive  and  the  modifications  in 
design  required  to  permit  the  mounting  of  the  motors, 
there  is  nothing  of  special  interest  in  the  construction 
of  the  dump  cars  themselves.  The  third-rail  contact 
system  was  employed  as  being  best  able  to  meet  the 
requirements  relative  to  track  shifting  and  extension. 
It  is  divided  into  sections,  long  or  short,  as  the  oper- 
ating conditions  may  require.  Independent  feeders 
connect  the  sections  with  the  central  tower.  In  this 
tower  is  located  the  controller,  by  means  of  which  one 
man  can  control  the  operation  of  all  the  cars  in  the 
system. 

The  motor  controllers  are  located  in  banks  at  the 
right  and  left,  while  in  the  center  is  a  bank  of  dis- 
tributing switches,  one  switch  being  provided  for  each 
feeder.  This  arrangement  makes  possible  the  control 
of  the  cars  on  all  track  sections  with  a  minimum  num- 
ber of  motor  controllers.  These  controllers  do  not 
make  the  main  circuits  directly  but,  by  means  of  an 
auxiliary  circuit,  actuate  electro-magnetic  contractors 
as  in  some  of  the  familiar  types  of  electric  railway 
controllers.  The  motor  controllers  have  three  main 
positions;  forward,  central  or  off,  and  backward. 
When  a  lever  is  pushed  forv.-ard  the  rail  section,  which 
it  is  then  controlling,  is  connected  through  its  feeder 
and  a  resistor  located  at  the  tower  to  the  250-volt 
supply.  As  the  lever  is  pushed  farther  forward  the 
resistance  is  cut  out.  With  the  lever  in  the  back  po- 
sition the  same  track  section  may  be  energized  with 
from  30  to  100  volts  for  braking  and  control  purposes. 
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Seven  Months  of  (ioN  ernnient 
Operation  of  Railroads 

In  a  report  made  to  Presiileiit  Wilson  on  Sept.  if 
Direetor  General  McAiloo  rt-views  the  work  of  the 
U.  S.  Railroad  Administration  during  the  first  7 
months  of  its  existence.  E.xtracts  from  the  report 
follow: 

MileaKe  and  Capitnli/atiun  American  Transportation 
System.— On  iJec.  31,  IDIG.  the  total  steam  railway 
mileage  in  operation  in  the  United  States  (all  tracks) 
was  397.014  miles.  This  mileajce  was  owned  or  con- 
trolled by  2,905  companies,  employing  some  1,700.814 
persons.  They  had  outstanding  $10,875,206,565  of 
bonds  and  $8,755,403,517  of  stock  (par  value). 

The  inland  waterways  system  includes  some  57 
canals,  3,057  miles  in  length,  some  of  which  were 
owned  or  controlled  by  the  railroads,  and  many 
thousand  miles  of  navigable  rivers,  lakes,  bays,  sounds, 
inlets,  traversed  by  innumerable  craft.  This  briefly 
describes  the  plexus  of  transportation  facilities  which 
came  under  Federal  control  Jan.  1.  1918.  or  shortly 
thereafter. 

Condition  of  Railroads  When  Taken  Over. — When 
the  Government  took  control  on  Jan.  1.  1918.  the  rail- 
roads were  in  a  deplorable  condition.  Added  to  an 
unusually  severe  winter,  the  motive  power  was  seri- 
ously crippled,  and  on  the  eastern  lines  traffic  was 
badly  blockaded  by  the  congestion  of  unloaded  cars  at 
the  terminals  and  elsewhere.  The  approximate  num- 
ber of  loaded  cars  above  normal,  on  the  eastern  lines, 
was  180,000  when  the  Director  General  took  charge  of 
the  railroads.     To  relieve  this  situation  was  the  first 
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The  C'onnolidation  of  TerminaU-^Other  reforms 
that  are  being  worked  out  in  the  passenger  «er%-ice 
include  the  common  use  of  the  same  terminals  by 
railroads  formerly  in  competition  and  using  separate 
terminals.  The  most  conspicuous  example  of  the  latter 
innovation  is  the  use  of  the  Pennsylvania  Terminal 
in  New  York  for  through  trains  via  the  Baltimore  & 
Ohio  between  Washington  and  New  York.  Plans  for 
a  similar  reform  in  the  8er\'ice  between  other  large 
cities  which  have  a  multiplicity  of  terminals  are  under 
consideration.  The  same  principle  is  being  applied  as 
rapidly  as  possible  in  the  consolidation  of  freight 
terminals.  The  saving  of  switching  co.sts  that  will 
result  and  the  greater  rapidity  with  which  cars  can  be 
loaded  and  unloaded  is  obvious. 

Shortening  Freight  Routes.— Extensive  studies  have 
been  made  with  the  purpose  of  developing  well-graded 
routes  for  the  transportation  of  freight  that  will  be 
shorter  than  those  previously  in  use.  Great  progress 
has  been  made  in  this  direction,  especially  in  the  West, 
and  many  new  through  lines  are  being  developed.  As 
one  example  of  the  economy  that  has  thus  been  made 
possible  it  may  be  mentioned  that  recently  during  a 
period  of  about  60  days  some  8.999  cars  were  rerouted 
in  a  certain  western  territorv-  so  as  to  effect  a  saving 
in  the  mileage  traveled  by  each  car  of  195  miles,  equal 
to  a  total  of  1.754,805  car  miles. 

Store  Door  Delivery  and  Intensified  Use  of  Freight 
Cars.— On  Jan.  1,  1917.  the  railways  of  the  United 
States  owned  about  2,400,000  freight  cars.     Delay  in 


concern,  and  the  energies  of  the  Federal  organization  loading  and  unloading  these  cars  and  their  use  by  both 
were  exclusively  and  successfully  directed  to  this  end.  shippers  and  consignees  as  warehouses  have  very 
At  the  date  of  this  report  there  are  no  accumulations  seriously  diminished  the  carrying  capacity  of  the 
of  loaded  cars  on  the  eastern  lines  above  the  normal.         roads. 

Economies    Effected    by   Reorganization   of   Official  ^s  prompt  unloading  of  cars  upon  their  arrival  at 

Staff. — The  reorganization  of  the  operating  force  has  public  terminals  presupposes  that  congestion  at  the 
been  made  without  any  impairment  of  efficiency  and     terminals  shall  be  avoided,  what  is  known  as  the  "store 

door"  system  of  freight  delivery  has  been  introduced 
in  Philadelphia  and  New  Y'ork  and  will  probably  be 
extended  to  other  large  cities.  In  Philadelphia, 
through  the  cooperation  between  the  carriers,  the  com- 
mercial bodies,  and  the  truckmen,  it  was  established 
on  May  1  and  has  proved  itself  effective  in  clearing  the 
stations  for  inbound  package  freight  24  hours  earlier 
than  usual.  It  has  recently  been  inaugurated  in  New 
Y'ork,  where  the  usual  notice  to  consignees  to  come 
and  get  their  freight  is  no  longer  given.  In  lieu 
thereof  immediate  deliver.-  of  the  goods  is  made  by 
drays,  thus  doing  away  with  free  time  at  terminals. 
A  reasonable  charge  for  this  service  is  to  be  paid  by 
the  consignees  to  the  drayage  companies  employed. 

If  the  plan  shall  vindicate  the  claims  of  its  authors 
the  conge.stion  of  inbound  freight,  which  has  hitherto 
prevented  the  prompt  unloading  of  cars,  will  be  a 
thing  of  the  past,  and  it  is  suggested  that  ultimately 
it  may  be  possible  to  collect  outgoing  freight  by  the 
same  trucks  which  deliver  to  stores  and  factories 
incoming  freight  hauled  from  the  terminals. 

Standardization  of  Freight  Cars  and  l/ocomotives. — 
It  is  said  that  2.023  different  styles  of  freight  cars 
and  almost  as  many  different  descriptions  of  locomo- 
tives were  included  in  the  equipment  of  American 
railroads  prior  to  the  war.  The  facts  are  not  known, 
but  nearly  every  important  railroad  had  its  own 
specifications  for  cars  and  engines.  None  of  these 
was  identical,  and  they  were  generally  changed  in 
some  detail  when  new  orders  were  placed.  In  a  gen- 
eral way  the  same  thing  was  true  of  the  locomotives 


with  a  reduction  in  the  number  of  officers  required  and 
in  the  aggregate  of  the  salaries  paid  them  and  charge- 
able to  operating  expenses.  Under  private  control  of 
the  railroads  2,325  officers  drawing  salaries  of  $5,000 
a  year  or  over  were  employed,  with  aggregate  salaries 
of  $21,320,187.  Under  Government  control  1,925  offi- 
cials are  doing  the  same  work,  and  the  aggregate  of 
their  .salaries  is  $16,705,298— a  saving  of  $4,614,889 
per  annum.  This  total  includes  the  officers  of  the 
various  regional  districts  as  well  as  those  of  the  cen- 
tral administration  in  Washington,  except  the  Director 
General  himself,  who  receives  no  salary.  Regarding 
the  salary  question  the  report  states: 

The  rp<lurllon  of  I4.«14.SS9  per  annum  In  the  nKJCreKAtt-  of  the 
naUrlm  paid  ii>  the  more  reBpondlhli-  otnrliila  hn»  not  lwi«n  cf- 
(•.cifd  hy  forclnic  the  experienced  men  ii|>i>olnted  by  the  t'nlted 
Htalea  Kallrond  Admlnlntratlon  to  accept  unlarleH  Inrommen- 
►  urale  with  their  re»|>on.»il>llltleH.  ulthnUKh  In  nunieroua  Inxtuncek 
Ihexe  nalurleK  arc  Hubmuntlallv  leiiii  than  thoKe  they  had  Iwen 
earnlncr  am  ofncem  of  the  rnllroadii  or  could  ••nrn  In  private  em- 
ployinenl  I  have  felt  that  It  wan  not  onlv  e<|Ultable  but  necen- 
■ary  that  tney  ahould  hr  Juntly  remunerated,  and  that  the  re- 
»»rdii  nf  bralUK.  Indualry  anil  loyulty  nhoulil  be  numdent  to 
r-mtlnuallv  attract  able  men  to  the  nervlce  of  the  rallroadn  »n 
their  llfe-B  work.  It  la  not  a  iiueiiilon  merely  of  operatlnic  the 
rallroadK  durlnic  the  period  of  the  war— thiR  rer|ulre».  It  I*  true, 
the  »>e»l  talent  that  can  be  •ecure<l  If  the  prenent  eslraordlnary 
demand*  are  to  Ixi  met— but  It  I*  a  <|Ueii||on  of  the  pimt-bcltum 
pcrlo.1  ar  well,  when  railroad  work  mum  continue  to  be  mif- 
ndently  allrartlve  to  draw  constantly  to  It  men  of  the  riBhl 
■luallly  and  caliber  Tnlewi  the  rankii  are  unlnterrupte<lly  re- 
rrultxl  with  iiuch  men  It  will  be  lm|»>iiiilble  lo  maintain  the 
efncleni  organlutllona  which  are  rimentlal  (o  the  (ucceaaful 
mnnniiemeni   and  operation  of  (he  rallroada  of  (he  country. 

The    <alarle*    paid    under    govarnment    ct>nlrol    to    the    hl«her 
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in  use.  Complete  standardization  will  of  course  be 
impossible  until  the  rolling  stock  and  engines  now 
in  use  shall  have  been  entirely  replaced  by  standard- 
ized types.  Progress  has,  however,  been  made.  Some 
12  standard  types  for  freight  cars  have  thus  far  been 
agreed  upon,  and  it  has  also  been  decided  that  here- 
after only  six  types  of  locomotives  of  two  weights  each 
shall  be  purchased.  The  parts  of  these  various  types 
of  locomotives  and  freight  cars  will  be  interchange- 
able. Their  construction  will  be  uniform  and  when 
repairs  are  needed  they  can  be  made  with  the  greatest 
possible  promptitude. 

One  hundred  thousand  freight  cars  of  the  agreed 
upon  types  have  been  ordered,  and  it  is  expected  that 
the  manufacturers  can  commence  delivering  them 
early  in  September.  One  thousand  four  hundred  and 
thirty  locomotives  of  the  new  type  have  also  been 
ordered,  in  addition  to  about  2,100  that  had  been  con- 
tracted for  by  the  railroads  prior  to  .Jan.  1,  1918.  Of 
the  total  of  about  3,600  locomotives,  some  1,185  had 
been  delivered  up  to  Aug.  1.  The  equipment  of  all 
the  railways  Dec.  .31,  1917,  included  about  2,400,000 
freight  cars  and  64,750  engines.  The  ratio  which  the 
newly  ordered  cars  and  engines  bear  to  the  total  is 
not  as  large  as  is  to  be  desired,  and  other  orders  will 
be  placed  as  rapidly  as  the  manufacturers  can 
accept  them. 

Capital  Expenditures  for  Improvements  and  Better- 
ments.— On  Feb.  2,  1918,  all  lines  under  Federal  con- 
trol were  directed  to  prepare  and  send  in  budgets  of 
improvements  immediately  required  to  increase  ca- 
pacity and  efficiency  and  to  promote  safety  in  opera- 
tions. The  budgets  submitted  in  response  to  this  called 
for  expenditures  chargeable  to  capital  account — that 
is,  exclusive  of  largs  sums  chargeable  to  maintenace 
— amounting  in  the  aggregate  to  $1,328,493,609,  which, 
upon  careful  revision  by  the  Director  of  the  Division 
of  Capital  Expenditures,  was  reduced  to  $975,105,416. 
This  amount  has  been  increased  from  time  to  time  by 
new  and  unforeseen  requirements,  and  particularly  by 
large  order.?  for  freight  cars,  until  the  improvements 
definitely  authorized  to  this  date  amount  to  $1,151,- 
967,240.  Of  this  amount,  $441,604,460  is  for  additions 
and  betterments,  $666,824,180  for  equipment,  and 
$43,538,600  for  construction  of  extensions,  branches, 
and  other  lines. 

Appropriations  have  been  directed  to  work  necessary 
to  facilitate  indispensable  transportation,  rather  than 
those  improvements  which,  while  desirable  and  even 
necessary,  are  yet  more  for  convenience  and  economy 
than  for  capacity  and  efficiency  in  the  actual  movement 
of  traffic.  This  is  indicated  by  the  very  large  appropri- 
ations for  equipment — almost  wholly  for  engines  and 
freight  cars;  and  of  the  additions  and  betterments, 
much  the  largest  item  was  for  additional  yards,  sid- 
ings, etc.;  next,  shop  buildings,  engine  houses,  and 
appurtenances;    and,   third,   additional  main  tracks. 

Revenue  Ton  Miles. — The  number  of  tons  of  revenue 
freight  carried  1  mile,  commonly  known  as  revenue 
ton-miles  is  the  ultimate  measure  of  service  in  rail- 
roading. Applying  this  measure  we  find  that  the 
revenue  ton-miles  of  94  per  cent  of  class  1  railroads 
(i.e.,  those  having  an  operating  income  in  excess  of 
$1,000,000  per  annum  was  34,250,247,814  miles  in  April, 
1918,  as  against  31,464,837,365  miles  in  the  same  month 
in  1917.  The  increase  is  equal  to  8.9  per  cent.  The 
average  number  of  freight  cars  in  service  had  in- 
creased by  5.1  per  cent,  being  2,387,670  in  April,  1918, 
as  compared  with  2,271,359  in  1917.  The  number  of 
tons  hauled  per  train  shows  an  increase  of  6.9  per  cent, 
being  696  tons  in  April,  1918,  as  against  651  tons  in 


April,  1917.  The  percentage  of  increase  in  the  car- 
load is  even  greater,  being  14.4  per  cent,  the  average 
carload  in  April,  1918,  being  29.4  tons  as  against  25.7 
tons  in  April,  1917.  The  revenue  ton-miles  for  freight 
locomotives  shows  an  increase  of  7.9  per  cent,  being 
1,125,875  in  April,  1918,  as  against  1,045,921  in 
April,  1917. 


Portable  Gravity  Plant  for  Constructing 
Concrete  Paving  on  River  Banks 

Excellent  results  in  the  construction  of  revetment 
on  the  banks  of  the  Mississippi  River  have  been  ob- 
tained by  the  U.  S.  Engineers  Office,  Vicksburg,  Miss., 
with  the  portable  gravity  concreting  outfit  shown  in 
the  illustration.  This  plant  is  stated  to  have  placed 
182  squares  of  concrete  pavement  on  its  first  day  of 
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optration.  The  best  previous  record  for  work  of  this 
kind  on  the  Mississippi  River  was  105  squares.  The 
steel  tower  is  104  ft.  high  and  the  steel  boom  is  80  ft. 
long.  The  roller  hoist  bucket  has  a  capacity  of  34 
cu.  ft.  and  the  hopper  a  capacity  of  54  cu.  ft.  The 
special  boom  chute  has  a  length  of  80  ft.  and  the 
counterweight  chute  is  50  ft.  long.  The  outfit  is 
carried  on  a  38x120  ft.  barge.  The  gravity  plant  was 
made  by  the  Insley  Mfg.  Co.,  Indianapolis,  Ind. 


60-Ft.  Fill  Made  from  One  Trestle. — In  connection 
with  the  double  tracking  of  the  Pennsylvania  R.  R. 
between  Kensington  and  Summerville,  0.,  a  60-ft.  fill 
is  being  constructed  from  a  single  trestle.  The  con- 
tractors, the  H.  E.  Culbertson  Co.,  Cleveland,  esti- 
mated that  a  60-ft.  trestle  would  be  more  economical 
than  to  make  the  fill  in  sections  with  lower  trestles. 
The  benches  are  15  ft.  apart  and  are  made  of  pole 
timber.  They  have  to  be  pushed  back  to  a  certain  ex- 
tent to  prevent  them  from  pushing  out,  but  on  the 
whole,  the  method  is  stated  to  be  proving  successful. 


Contractors  May  Organize  National  Association 
Sept.  23. — A  meeting  of  the  committee  of  contractors, 
appointed  some  weeks  ago  to  perfect  plans  for  a  Na- 
tional Association  of  General  Contractors  will  be  held 
Sept.  23  at  New  York  City.  It  is  expected  that  definite 
steps  will  be  taken  at  that  time  for  the  formation  of 
the  association.  D.  A.  Gerber  of  the  Northeastern  Con- 
struction Co.,  225  Fifth  Ave.,  New  York  City,  is  chair- 
man of  the  committee. 
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Chamber  Blasting  Methods  and 
Costs 

An  excellent  article  on  bla.stinjf  for  steam  shovel 
work  in  mining  operations  appeared  in  a  recent  issue 
of  the  Mininjc  anil  Scientific  I'ress.  The  author,  Mr. 
E.  K.  Baker,  describes  the  method  employed  at  the 
mines  at  Chuquicamata,  Chili.  Inasmuch  as  these 
methods  are  applicable  to  conditions  in  the  United 
States  the  article  in  greater  part  is  reprinted  below. 

Kea.sons  for  ChanRinR  from  Churn  DrillinR  to  Tun- 
nelling.—In  blasting  for  steam-shovel  work  at  Chu- 
quicamata. Chili,  where  the  height  of  the  bench  now 
being  operated  is  about  180  ft.,  there  were  many  prob- 
lems to  be  solved  before  satisfactory  work  was  ac- 
complished. In  consequence  of  the  high  cost  of  drill- 
ing with  churn-drills,  namely,  $:?.fiO  per  foot,  some 
other  means  of  UJasting  had  to  be  found.  The  exces- 
sive cost  was  due  to  the  hardness  of  the  rock,  and 
to  the  many  seams  and  fractures  throughout  the  de- 
posit, causing  excessive  breakage  of  tools.  Also  the 
high  cost  of  coal  i!f2:?  per  ton)  was  an  important  con- 
sideration. The  comparison  of  drilling  records  on 
this  material  with  those  from  drilling  in  such  porphy- 
ries as  the  Nevada  Consolidated  orebody  shows  an 
average  footing  per  9-hour  shift  at  Chuquicamata  of 
8  to  12  ft.  as  against  an  average  in  Nevada  of  60  ft. 
This  large  difference,  together  with  the  increased  cost 
of  supplies  in  South  America,  readily  shows  that 
churn-drill  costs  in  the  soft-porphyry  mines  cannot  be 
equaled  in  the  harder  granite  at  Chuquicamata.  This 
work  at  the  Nevada  Consolidated  in  normal  times  costs 
a  maximum  of  50  ct.  per  foot. 

The  higher  the  banks  became,  starting  from  the 
contour  and  finally  reaching  180  ft.,  the  more  footage 
was  necessary;  so  that,  say  in  a  150-ft.  bank,  one  had 
to  balance  a  drill-hole  of  150  ft.,  together  with  the 
expense  of  springing  a  pocket  for  the  blasting  charge, 
against  the  cost  of  running  a  mine-drift  25  ft.,  which 
was  the  spacing  between  the  drill-holes.  Blasting  by 
churn-drills,  even  to  a  height  of  60  ft.,  in  this  ma- 
terial, cost  as  high  as  25  ct.  per  ton,  so  that  it  became 
evident  early  in  the  blasting  operations  that  some 
other  method  must  be  devised.  The  result  was  that 
the  blasting  methods  were  changed  from  churn-drill 
holes  to  underground  tunnels.  It  is  surprising  to 
find  how  little  is  written  on  the  subject;  accordingly 
the  work  in  blasting  by  tunnels  was  experimental 
from  the  start,  j  Gillette's  Handbook  of  Rock  Exca- 
vation describes  many  chamber  blasts. — Editors.] 

Location  of  Bla.sting  Tunnels. — The  floor  of  the 
blasting-tunnels  was  placed  three  meters  below  the 
floor  of  the  steam-shovel  grade,  and  the  horizontal 
depth  into  the  bank  was  made  15  m.  In  deciding  on 
the  depth  below  grade,  one  had  to  be  certain  that  the 
blasting-charges  were  low  enough  so  as  to  leave  no 
hard  bottom  for  the  steam-shovels.  In  the  many 
blasts  that  followed,  :5  m.  (It. 8  ft.)  was  found  to  be 
satisfactory,  and  where  the  height  of  the  bank  was 
45  m.  ( 147.6  ft.)  the  horizontal  distance  was  increased 
to  .30  m.  It  was  found  that  the  horizontal  distance 
could  be  two-thirds  of  the  height  of  the  bank  to  be 
blasted,  so  that  the  spacing  of  the  drifts  became  15 
m.,  22'-  m.,  or  .'It)  m.,  depending  upon  the  height  of 
the  bank.  By  exhaustive  experiments  it  was  ascer- 
tained that  the  best  form  of  wiring  was  in  multiple- 
series,  that  is  to  say,  five  strings  of  caps  each,  and 
these  connected  in  multiple  to  the  main  blasting  leads. 
In  each  case  all  charges  were  double-primed,  each 
cap  of  the  blasting-charge  being  connected  to  an  in- 
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dependent  series  of  wiring  back  to  an  independent 
transformer,  both  controlled  by  the  one  switch  on 
the  higher  voltage-line,  which  in  this  case  carried  a 
current  of  500  volts,  so  that  in  case  of  failure  of  any 
part  of  one  series  of  connections,  the  blaster  was  pro- 
tected by  having  the  .second  series  to  depend  upon. 
From  the  figures  that  follow,  when  it  is  realized  that 
a  blast  of  this  kind  may  cost  upward  of  $50,000  for 
its  preparation  before  the  blasting-switch  is  thrown, 
it  is  seen  that  great  care  must  be  exercised  to  insure 
success. 

Detonation  of  Blasting  Chargen.— The  detonation  of 
these  charges,  the  best  spacing  of  which  was  found 
to  be  10  m.  center  to  center,  was  accomplished  by  the 
use  of  60  per  cent  nitro-glycerine  dynamite;  the  pro- 
portions of  dynamite  used  being  2  per  cent  of  the 
weight  of  the  blasting-charge.  The  detonators  con- 
sisted of  two  or  three  boxes  of  dynamite  per  charge, 
the  top  of  one  of  which  had  been  previously  removed, 
a  hole  bored  in  each  side  of  the  case,  and  two  sticks 
primed  with  a  No.  6  electric  exploder.  The  fuse-wires 
were  placed  through  the  hole  of  the  box  on  each  side, 
each  cap  being  connected  to  its  separate  system  of 
wiring.  This  case  of  dynamite,  with  others  along- 
side, if  necessary,  was  placed  in  the  heart  of  the 
black-powder  charge,  which  was  loaded  in  the  con- 
tainers, cans,  or  sacks,  as  the  case  might  be,  without 
any  attempt  being  made  to  open  them.  Each  set  of 
leading-wires  was  placed  in  grooved  2  by  3-in.  lum- 
ber, and  battened  down  with  half-inch  battens  over 
the  top  of  the  groove.  These  conduits  were  placed 
on  either  side  of  the  bottom  of  the  drift,  the  fuse- 
wires  of  each  detonator  being  connected  in  series  to 
its  system  of  wiring. 

Connecting  Cross-Cuts  Bulkheaded  with  Run  of  Mine 
Tamping. — The  first  blast  fired  was  bulkheaded  in 
*he  connecting  cross-cut  to  the  next  in  the  rear  by  a 
10-ft.  block  of  concrete.  After  the  shot,  the  concrete 
was  so  undi.sturbed  that  this  procedure  was  found 
unnecessary,  and  the  cross-cuts  were  subsequently 
filled  with  run-of-mine  rock  only.  Since  the  gases 
formed  by  an  explosion  of  black  powder  are  said  to 
be  about  300  times  the  original  volume  at  60  F..  and 
since  the  increase  in  volume  for  each  5  rise  in  tem- 
perature is  1  per  cent,  it  is  estimated,  from  the  fact 
fused  feldspars  were  found  in  the  vicinity  of  the  blast, 
that  the  temperature  of  the  explosion  is  at  least  close 
to  2,000  F.  This  would  give  a  volume  of  gas  1.164 
times  the  volume  occupied  by  the  original  charge,  so 
that  the  refinements  in  loading  with  a  charge  of  this 
size,  in  taking  pains  to  fill  all  interstices  and  voids, 
is  altogether  unnecessary.  The  loss  in  explosive  force 
would  be  at  the  mo.st  but  a  small  fraction  of  1  per 
cent.  Since  the  gas  is  formed  almost  instantly,  there 
;s  no  time  for  this  volume  to  get  through  the  cross-cut 
tamped  with  mine  rock,  and  the  breaking  of  the  bank 
follows. 

Loading  of  Drifts. — Although  there  is  danger  at- 
tached to  all  forms  of  blasting,  when  powder  is  han- 
dled without  opening  the  containers,  when  electric 
safety-lamps  are  used,  and  strict  regulations  are  en- 
forced as  to  smoking  and  carrying  matches,  the  dan- 
ger of  the  operation  is  greatly  minimized.  Doors 
were  placed  iii  the  cross-cuts  at  the  entrance  to  the 
drifts  to  be  loaded,  with  only  the  blaster  and  his  crews 
having  access  to  this  compartment.  The  loading  of 
the  drifts  was  done  at  night,  as  there  were  fewer  men 
on  that  shift  working  in  the  mine,  and  also  fewer  on 
the  steam-shovel  bench.  As  far  as  possible,  it  was 
aimed  not  to  have  steam-shovels  working  in  front  of 
the  sections  which  were  being  loaded.  It  was  found 
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that  mining  operations  could  be  carried  on  in  the 
drifts  next  to  those  being  loaded,  so  that  this  work 
need  not  be  retarded  during  the  time  of  loading. 
Blasting  by  tunnels  is,  of  course,  not  new,  but  the 
usual  way  was  by  an  adit  with  drifts.  This  was  im- 
practicable with  steam-shovel  work,  because  each 
time  a  shovel  would  pass  the  entrance  to  the  tunnels 
would  be  lost,  so  that  it  became  necessary  to  sink 
shafts  some  distance  back  from  the  working-face,  and 
to  drive  the  blasting-drifts  from  a  cross-cut  extended 
from  the  bottom  of  these  shafts. 

Cost  of  Blasting. — The  largest  blast  at  Chuquica- 
mata  was  fired  in  three  sections,  the  first  on  Nov.  19, 
1916;  the  second  on  Nov.  21,  and  the  third  five  days 
later.  These  sections  could  have  been  fired  simulta- 
neously, except  for  the  steam-shovel  equipment,  which 
had  to  be  changed  from  one  section  to  the  other,  so 
that  ore-loading  operations  could  be  carried  on  with- 
out interruption,  as  the  firing  of  the  three  sections 
would  have  tied  up  the  greater  part  of  the  face.  Sec- 
tion No.  1  consisted  of  29  drill-holes  in  shallow 
ground,  and  267.3  ft.  of  drift.  Section  No.  2  consisted 
of  29  churn-drill  holes  and  724  ft.  of  drift;  in  this 
case  two  parallel  drifts  being  fired  simultaneously. 
Section  No.  3  consisted  of  1,318.6  ft.  of  drifts,  show- 
ing a  section  in  which  30  m.  in  horizontal  distance 
was  blasted  for  the  first  time.  The  grand  total  of  ex- 
plosives consisted  of  813,000  lb.  of  black  powder,  and 
85,850  lb.  of  dynamite,  or  450  tons,  which  broke  1,229,- 
716  tons  of  ore  at  a  cost  of  10.59c  per  ton.  The  cost 
of  the  blast  by  section  follows: 

SECTION    I— TUNNELS    AND    BLAST-HGL^S    SEPARATED. 

Tunnel  K  3659— Blasted  11''19, 16— 7  charges. 

Ground   broken,    49,840   m.   =  65,1SS    cu.   vd.   =   140,644   short   tons. 

Drifts  and   cross-cuts,    SI. 5   m.   =  267.3   ft.   at   $13 $  3,474.90 

Filling,  50.9  m.  at  P13  Chilean  pesos  =  P661.70  at  $4.50  147.00 
Explosives: 

Black   powder,   125,000  lb.   at  $0.0608 7,600.00 

60  per  cent  dynamite,  2,500  lb.  at  $0.302 7  55 

Lead   wire,    1,100    ft.    at    $4.25    per    500    ft 9.35 

Exploders,  14  at  $4.54  per  100 .64 

Casing   for   wiring   600    linear   ft.,    500    board   ft.    at    $72 

and    labor,    etc 40.00 

Transportation   (burros),  8  days  at  $10.53 84.24 

Labor: 

Loading  gang,   5   days  at   P104    Chilean    pesos  =  P520, 

at    $4.50    115.50 

Hoist-man  gang,   2   days  at   PSi   Chilean   pesos   =    PIS, 
at    $4.50    4.00 


$12-,230.63 
S.7    ct.    per   ton. 
CHURN-DRILL    HOLES,    SOUTH    END— 11/19/16. 
Ground   broken,   41,680   m.   =  54.514   cu.    vd.   =   117,620   short    tons. 

Holes  shot,   29 1,944  ft. 

Holes   lost,    11 735  ft. 

2,679  ft.  at  $3.60 $  9,644.40 

Springing  (4  springs) : 

CO   per   cent   dynamite,    9,750   lb.    at   $0.302 2,944.50 

Spool    conducting    wire.    21,500    ft.    at    $0.0021 45.15 

K,\ploders,    160    at    $4.54    per   100 7.26 

Labor    (first   and   second   springs,   20   in   one-half   day, 
third   and    fourth   springs,    20    in   1   day),    6    days   at 

P104   Chilean   pesos    139.00 

Blasting  charges: 

60  per  cent  dynamite,   46,975  lb.   at   $0.302 14,186.45 

Leading  wire.    No.    14,    7,800   ft.    at   $4.25   per  500   ft 66.30 

Exploders,   58  at  $4.54  per  100 2.63 

Labor,  5  holes  per  day,  6  days,  at  P104  (Chilean  pesos  139.00 

Transportation    (burros),   4   days,   at   $10.53 42.12 

$27,216.81 
23.1  ct.  per  short  ton. 
SECTION    II— TUNNELS    AND    BLAST    HOLES    SEPARATED. 

Tunnels    A     3569 -35S4— Blasted     11/21/16-21     charges. 
Ground   broken,   72,190   m.   =  94,420   cu.   yd.    =   203,714   short   tons. 

Drifts  and  cross-cuts,  220.7  m.  =  724  ft.  at  $13 $  9,412.00 

Filling,   178.2   m.,   at   P13   Chilean   pesos   =   P2,316.60,   at 

$4.50     515.00 

E.vplosives: 

Black  powder,   165,900  lb.   at  $0.0608 10,086.70 

60  per  cent  dynamite,  3,200  lb.  at  $0.302 966.40 

Leading  wire,   3,000  ft.  at  $4.25  per  500  ft 25. ,50 

Exploders,   42  at  $4.54  per  100 1.91 

Casing  for  wiring,    1,460   linear  ft.,    1,220  bd.    ft.   at   $72 

and   labor,    etc 90  00 

Transportation,   10   days  at  $10.53 105.30 

Labor: 
Loading  gang,  15  days  at  P104  Chilean  pesos  =  PI. 560 

at    $4.50    347.00 

Hoist-man,  3  days  at  P9  Chilean  pesos  =  P27  at  $4.50  6.00 


CHURN-DRILL  HOLES,   NORTH  END— 11/21/16. 
Ground  broken,  26,900  m.  =  35,184  cu.  yd.  =  75,912  short  tons. 

Holes  shot,   29 1,263  ft. 

Holes    lost,    7 363  ft. 

1,626   ft.    at    $3.60 $5,853.60 

Springing   (4  springs): 

60  per  cent  dynamite,  4,240  lb.  at  $0.302 1.280.48 

Spool  conducting  wire.    13,000   ft.   at   $0.0021 27.30 

Exploders,    144    at   $4.54    per   100 6.54 

Labor    (first   and    second,    20   springs    in    one-half   day, 
third    and    fourth,    20    springs    in    1    day),    6    days    at 

P104     Chilean    pesos 139.00 

Blasting   charges: 

60  per  cent  dynamite,   23,375   lb.  at  $0.302 7,059.25 

Leading  wire,   5,100    ft.,   at   $4.25   per   500   ft 43.35 

Exploders,   58  at  $4.54  per  100 2.63 

Labor.  5  holes  per  day.  6  days  at  P104  Chilean  pesos..  139.00 

Transportation,    3    days    at    $10.53 31.59 


19.2  ct.  per  short  ton. 
SECTION  III— TUNNELS   ONLY. 

Tunnels  B  3629  T-T  3644  E— Blasted  11/26/16—36  charges. 

Ground  broken,  320.655  cu.  vd.  =  091,826  short  tons. 

Drifts  and  cross-cuts,   402  m.  =  1.318.6   ft.  at  $13 $17, 

Tamping.   9,427  ft.,  287.4  m.  at  P13  Chilean  pesos 

Explosives: 

Black    powder,    522,100    lb.    at    $0.0608 31 

Dynamite,   60  per  cent,   7.000   lb.   at  $0.302^ 2, 

Dynamite,    62  per  cent,   2,600  lb.   at  $0.6007^ 1, 

Dynamite.  75  per  cent,  200  lb.  at  $0.30 

Leading  wire,   5,500  ft.  at  $4.25  per  500  ft 

Exploders.   72  at   $4.54  per  100 

Casing  for  wiring.  2  lines,  2,210  bd.  ft.,  plus  labor 

Transportation,    30    days,    at    $10.53 

Labor    (loading   gang),    25    days    at    P105    Chilean    pesos: 
hoist  man,    18   days  at   P9   Chilean   pesos 


,743.68 

,114.00 

,561.82 

60.00 

46.75 

3.77 

163.92 

315.90 

613.78 


■7.9  ct.  per  short  ton. 
RESU.ME  OF  ALL  THREE  SECTIONS. 


Short  tons 
broken. 
140,644 
691,826 
203,714 


Cost  per 
short  ton, 
cents. 


Total    1,036,184 

Churn-drill  holes, 
November,  1916. 

At  south  end  of  bench : 117,620 

At  north  end  of  bench 75,912 


Total    193,532 

Tunnels  and  blast-holes. 

Tunnels     1,036,184 

Blast-holes     193,532 


10.59 


0.0608 
0.302 
0.6007 
0.30 
4.25 
0.946 
4.54 
72.00 


1.20 


10.6   ct.    per   ton. 


Total     1.229,716 

UNIT   COSTS. 

U.  g. 
Costs:  currency. 

Driving,    per    ft $13.00 

Tamping,   per  metre 

Blacli  powder,  per  lb 

Dynamite,   60  per  cent,  per  lb 

Dynamite,   62  per  cent,  per  lb.    (purchased  locally). 

Dynamite.   75  per  cent,  per  lb 

Treading-  wire,   per   500   ft 

Conducting   wire.    450    ft.,    2-lb.    spool 

Exploders,    per    100 

Casing  for  wiring,   per  1,000  board   ft 

Labor: 

Loading  gang  (9  men),  per  day 

Hoist   man.   per  day 

Transportation : 

10  cargo  burros,   per  day 

3  burros  for  men,   per  day 

1  capataz    

2  burreros    

9  trips  of  2,000  lb.  per  day. 

Total   for  transportation,  per  day 10.53 

Blast-hole   drilling,   per  ft 3.60 

Casing  for  wiring,  2  lines  for  total  length  of  drifts  and  cross-cuts. 

Leading  wire,  4  lines  for  total  length  of  drifts  and  cross-cuts. 

Exploders,    2    for   each   tunnel    charge. 

Exploders,  2  for  each  blast  hole. 

Springing  (4  times) — first  and  second.  20  springs  in  one-half  day; 
third  and  fourth,  20  springs  in  1  day. 

Loading  blast  holes.   5  holes  per  day  with   dynamite. 

The  marked  difference  in  the  cost  by  tunnels,  8.53 
ct.  and  the  cost  by  churn-drill  holes,  21.6  ct.,  was  forci- 
bly shown  by  the  results  of  these  blasts  and  proved 
conclusively  that  the  tunnel  method  was  doing  the 
work  for  less  than  half  the  cost  of  the  same  work  by 
drill-holes.  The  above  costs  do  not  include  the  ex- 
pense of  block-holing  the  boulders,  following  the 
large  blasts;  this  is  taken  up  later.  Neither  is  allow- 
ance made  for  the  proportion  of  overhead  expense. 

High  Bank  vs.  Low  Bank  Method. — Much  contro- 
versy has  arisen  over  the  so-called  method  of  high 
banks  versus  the  method  of  low  banks  as  applied  to 
the  work  at  Chuquicamata,  the  arguments  being  that 
the  smaller  the  height  of  the  bank,  the  smaller  will 
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the  rock  be  broken,  the  safer  the  operation,  and  the 
more  efficient  the  shovel-performance.  On  the  other 
hand,  with  drill-holes,  one  is  apt  to  have  trouble  with 
pockets,  leavint;  hard  rock  in  the  bottom  for  the  shovel 
to  handle:  misst-d  holes  are  nmre  likely  to  occur;  and 
any  delay  to  the  churn-drill  operation,  resulting  from 
lost  holes,  broken  tools,  and  so  on.  would  mean  stop- 
page in  steam-shovel  loading,  all  of  which  would  be 
reflected  in  the  costs  against  the  low-bank  method. 
The  ((uestion  resolves  itself  into  that  of  the  cost  per 
ton  placed  in  the  bins,  and  I  do  not  believe  that  any 
increase  in  shovel  efficiency  in  the  low  banks,  owing 
to  a  lower  amount  of  large  rock,  will  offset  the  large 
difference  in  cost  by  breaking  the  ground  by  the  tun- 
nel-method over  that  of  the  blast-hole  method.  While 
it  is  admitted  that  there  will  not  be  the  same  propor- 
ion  of  large  rock  in  the  low  banks  as  in  a  hiirher 
bank,  it  must  not  be  forgotten  that  in  certain  sec- 
tions, both  at  Chuquicamata  and  at  Ajo.  rock  too  large 
to  be  handled  resulted  from  blast-hole  drilling  where 
the  banks  did  not  exceed  50  ft.,  so  that  low  banks  do 
not  entirely  eliminate  this  objection. 

Churn-drills  were  used  exclusively  at  Chuquicamata 
until  the  heights  of  the  banks  reached  about  60  ft., 
and  coarse  rock  was  produced  continuously,  which, 
together  with  the  resulting  hard  bottoms,  missed 
holes,  and  excessively  high  cost,  resulted  in  this 
method  being  superseded  by  tunnel-blasting,  the  dif- 
ference in  cost  being  demonstrated  above.  In  the 
case  of  the  blast-holes  fired  in  section  1,  should  there 
have  been  no  lost  holes,  and  should  the  net  footage, 
namely,  1,944  ft.,  have  cost  but  $1  per  foot  instead 
of  $3.60.  we  would  have  substituted  $1,944  for  the 
$9,644,  and  the  total  cost  of  the  drill-hole  factor  in 
this  shot  would  be  $19,516.81,  or  16.6  ct.  per  ton,  so 
that  even  with  the  high  cost  of  drilling  eliminated, 
the  cost  per  ton  broken  would  still  be  approximately 
twice  that  for  breaking  the  ground  in  the  same  vi- 
cinity by  tunnels.  During  the  3  years  of  blasting  by 
the  tunnel-method  in  this  way  at  Chuquicamata,  there 
never  has  been  a  miss-fire,  although  in  the  churn- 
drill  blasting  there  have  been  several.  Missed  holes 
from  churn-drill  practice  are  largely  accountable  to 
the  tamping  scouring  the  leading  or  connecting  wires, 
so  that  short  circuits  develop  and  the  cap  in  one  hole 
does  not  explode,  while  all  the  rest  are  detonated  suc- 
cessfully. In  blasting  a  string  of  holes  one  missed 
hole  is  usually  hard  to  locate,  and  it  is  not  until  the 
shovel  is  digging  in  this  section  that  the  unexploded 
charge  is  found,  and  in  nine  cases  out  of  10,  the  teeth 
of  the  dipper  will  be  into  the  charge  before  the  pow- 
der is  discovered,  so  that  the  chance  for  accidents 
from  this  source  is  great.  In  blasting  by  the  tunnel- 
method,  the  blaster's  wiring  connections,  caps,  and 
the  like,  are  all  within  his  reach,  and  can  be  inspected 
carefully,  whereas  in  the  drill-hole  no  one  knows  what 
has  taken  place;  it  must  be  taken  for  granted  that 
the  connections  in  the  bottom  of  the  hole  are  all  right. 
A  galvanometer  test  will  show  the  hole  to  be  safe, 
when  really  the  wires  are  perhaps  "shorted"  across 
the  cap.  With  regard  to  the  height  of  bank  best 
suited  to  the  purpose  of  selecting  ore.  I  would  be  in- 
clined to  say  that  the  lowest  bank  consistent  with 
good  steam-shovel  practice  would  be  the  most  desira- 
ble. It  has  been  found,  however,  in  high  banks,  that 
where  zones  of  waste  appear,  they  tend  to  slide  into 
the  shovel-pit.  so  that  fair  sorting  can  be  accom- 
plished; that  is,  if  the  bottom  of  the  bank  is  ore  and 
the  top  is  waste,  the  shovel  will  load  ore  at  the  bot- 
tom until  the  top  caves,  after  which  waste  will  be 
loaded,  so  that  there  is  little  to  be  said  in  favor  of  any 


given  bank-height  for  this  purpose.  The  irregularity 
of  ore  and  waste  is  such  that  no  matter  how  shallow 
the  bank  may  be,  there  w-ould  be  times  when  ore  and 
waste   would   be   mixed. 

With  regard  to  the  large  rock  found  in  blasting 
hard-ri>i-k  sections,  the  experience  at  Chuquicamata 
was  that  no  matter  how  the.se  hard  sections  were  shot, 
the  big  rock  could  not  be  broken  in  the  blasting.  Tun- 
nels have  been  overloaded  as  much  as  100  per  cent, 
and  underloaded  so  as  merely  to  shake  the  bank,  and 
the  results,  so  far  as  big  rock  were  concerned,  were 
practically  the  same.  This  is  true  also  in  the  good 
blasting  ground,  as  the  steam-shovel  operator  under- 
stands it;  that  is,  ground  that  will  break  fine  with 
low  banks  in  churn-drill  blasting  also  will  break  fine 
on  a  150-ft.  bank  with  tunnel-blasting.  In  the  last 
shovel-cut,  where  the  machine  is  close  to  the  bank, 
care  must  be  used  to  have  rocks  endangering  the  ma- 
chine barred  down.  For  this  reason  it  was  decided 
not  to  clean  up  the  blasts  entirely,  which  meant  the 
re-shooting  of  a  small  amount  of  ground  already 
blasted.  In  the  end  this  was  more  desirable  than  to 
clean  up  the  face,  thereby  endangering  the  operating 
equipment. 

I'ndcrshiwting  of  Hard  Blocky  Sections. — There 
were  times  when  hard  block  sections  were  under- 
shot. This  is  a  costly  mistake,  as  a  hard  section  of 
bank,  which  is  only  shaken,  has  to  be  fought  with 
block-holing  and  jack-hammer  work;  this  is  tedious 
and  costly.  For  that  reason  it  invariably  pays  to  be 
.>;ure  that  enough  powder  is  used  to  break  the  ground, 
and.  for  a  safety  factor,  to  overload  from  20  to  30 
per  cent  in  addition.  On  the  other  hand,  too  much 
of  an  overload  scatters  the  bank,  so  that  track  shift- 
ing becomes  excessive,  and  the  resulting  low  banks 
of  broken  material  call  for  much  moving,  and  give 
a  low  steam-shovel  efficiency.  Successful  blasting 
under  any  given  set  of  conditions,  requires  experi- 
ence; for  example,  a  given  quantity  of  powder  that 
will  break  a  certain  tonnage  in  one  case  may  over  or 
undershoot  the  same  quantity  in  other  conditions.  The 
softer  the  rock  usually  the  greater  the  blasting-charge 
necessary,  as  soft  material  tends  to  spring,  while  the 
harder  rock  will  break  with  the  same  charge. 

Blasting  Powders. — Much  has  also  been  written  of 
the  merits  of  different  blasting-powders,  many  claim- 
ing that  dynamite  will  fracture  the  rock  finer.  In 
blasting  on  a  large  scale  this  is  not  so.  Were  enough 
dynamite  used  to  shatter  the  rock,  the  bank  would  be 
blown  all  over  the  steam-shovel  bench.  Dynamite,  of 
course,  does  shatter  more  than  black  powder,  on  ac- 
account  of  its  rapidity,  but  only  close  to  the  blasting- 
charge.  In  calculating  the  charge  to  properly  break 
a  bank,  practically  the  same  conditions  result,  whether 
dynamite  or  black  powder  is  used.  Black  powder  for 
Chu(iuicamata  was  made  at  Calania,  a  town  15  miles 
distant.  The  ingredients  used  were,  roughly,  75  per 
cent  sodium  nitrate.  15  per  cent  charcoal,  and  10  per 
cent  sulphur.  Extreme  care  was  not  used  in  this  mix- 
ture, nor  were  the  ingredients  analyzed,  but  the  pow- 
der was  grained  and  glazed,  and  was  most  satisfac- 
tory. It  cost,  delivered  at  the  mine,  about  6  ct.  per 
t>ound,  and  a  given  amount  of  40  per  cent  dynamite 
was  equal  in  blasting  strength  to  about  I'j  times  the 
weight  of  the  powder  of  local  manufacture.  Black 
powder  was,  all  things  considered,  by  far  the  most 
.satisfactory,  although  many  varieties  and  grades  of 
explosives  were  tried.  The  commercial  NaNO  used 
in  this  powder  was  as  a  rule  rich  in  KCIO,.  Higher- 
grade   dynamites    were   used   as   a    rule    in    drill-hole 


282 


ENGINEERING    AND     CONTRACTING 


Vol.  50,  No.  12. 


blasting,  in  order  to  get  the  most  out  of  the  pockets 
formed  by  springing,  as  previously  stated. 

Blasting  Charges. — As  wide  a  range  as  from  400 
to  1,200  lb.  of  black  powder  was  used  per  linear 
meter  of  line  of  least  resistance.  It  was  early  dem- 
onstrated that  the  height  of  the  bank  was  of  little  im- 
portance in  calculating  a  blasting-charge;  that  is,  if 
the  line  of  shear  was  50  ft.,  the  blasting-charge  would 
be  approximately  the  same,  whether  the  bank  was  100 
ft.  high,  or  of  indefinite  height.  A  drift  through  a 
section  of  "hog-back,"  with  the  same  line  of  shear 
throughout,  and  with  heights  of  40  ft.  at  each  side 
of  the  ridge,  and  130  ft.  in  the  center,  was  loaded  on 
a  basis  of  cubic  yards  to  be  broken,  in  order  to  prove 
this  principle.  The  result  was  that  the  center  of 
the  blast,  or  the  point  under  the  high  part  of  the 
ridge,  was  greatly  overloaded,  while  the  section  of 
low-bank  heights  was  properly  broken.  The  result- 
ing pile  of  broken  rock  formed  a  semi-circle,  with  a 
point  under  the  highest  part  of  the  ridge  taken  as  a 
center.  It  was  clear  from  this  point  that  it  was  neces- 
sary to  calculate  on  the  line  of  least  resistance  only, 
and  this  practice  was  thereafter  followed. 

Owing  to  the  variable  conditions  in  the  rock  to  be 
broken,  no  empirical  formula  could  be  devised,  and  it 
was  only  from  blasting  in  certain  sections  that  knowl- 
edge was  gained  as  to  what  factors  per  meter  of  least 
resistance  should  be  used.  The  cost  of  driving  the 
drifts,  4V2  by  6^3  ft.  in  section,  at  Chuquicamata, 
varied  from  $10  to  $20  gold  per  foot,  with  an  average 
of  $13.  The  ground  being  hard  and  dry,  no  timber- 
ing was  required.  Muck  was  trammed  from  the  faces 
in  buckets  on  trucks,  and  during  the  operation  of  load- 
ing, the  space  between  the  blasting-charges  was  filled 
with  run-of-mine  by  this  equipment.  The  greater 
spacing  of  the  drifts  required  a  larger  blasting- 
charge,  which  filled  from  70  to  90  per  cent  of  the  tun- 
nel. No  chambers  were  required  to  accommodate  the 
blasting  charge  as  the  charges  were  loaded  in  the 
drifts  themselves.  The  greater  the  space  between  the 
drifts,  of  course,  the  less  cost  per  ton  broken.  In  the 
beginning,  it  was  useful  to  have  the  drifts  spaced 
15  m.  only,  so  that,  in  case  the  blast  were  under- 
shot, the  drift  immediately  behind  could  be  reloaded, 
this  time  with  an  overload  and  the  material  of  both 
blasts  knocked  down  successfully.  This  did  not  hap- 
pen often,  but  it  is  well  for  the  blaster  to  know  his 
ground  before  adopting  the  maximum  spacing.  The 
factors  per  line  of  least  resistance,  on  a  30-meter 
spacing,  show  an  increase  per  meter  over  the  factors 
for  a  15-meter  line  of  least  resistance  in  the  same 
ground.  The  loading  of  drill-holes  on  the  basis  of  a 
given  factor  per  foot  in  depth  of  hole,  with  the  slope 
as  a  constant  ratio,  always  gave  good  results,  as  the 
line  of  least  resistance  is  proportionate  to  this  height. 
Where  the  horizontal  distance  is  uniformly  two-thirds 
the  vertical  height,  the  factor  per  cubic  meter  works 
out  well,  and  varies  in  this  material  from  IV2  to  2V2 
lb.  per  cubic  meter  to  be  broken. 

Precautions  Taken  After  Blast. — After  a  blast  by 
the  tunnel-method,  and  before  the  miners  are  al- 
lowed to  return  to  work  in  the  blasting-tunnels  that 
are  in  preparation,  the  helmet-crew,  consisting  of 
three  men,  one  or  more  supplied  with  a  bird  in  a  cage, 
descend  into  the  mines,  and  test  all  the  drifts  for 
bad  air.  The  helmet-crew  usually  does  not  enter  until 
24  hours  after  the  blast,  and  it  is  seldom  found  that 
gases  entering  the  mine  interfere  with  the  work  for 
a  longer  period  than  48  hours.  It  is  always  well  to 
maintain    a   regular   helmet-crew   to   do    nothing   but 


act  as  a  life-saving  squad.  They  should  have  regular 
exercises  and  duties  to  perform  daily,  in  connection 
with  their  work,  and  be  always  available  at  a  mo- 
ment's notice,  because,  in  the  case  of  a  premature 
explosion,  the  great  danger  to  the  men  underground 
would  be  from  asphyxiation. 

Springing  Holes. — The  springing  of  churn-drill  holes 
is  at  best  a  most  unsatisfactory  procedure,  as  one  is 
never  certain  that  the  pocket  sprung  is  going  to  be 
large  enough  to  accommodate  the  blasting-charge. 
If  not  large  enough  the  powder  will  rise  in  the  barrel 
of  the  hole.  In  the  case  of  blasting  at  Chuquicamata, 
it  was  most  essential  to  have  a  pocket  of  ample  size, 
because,  when  the  bottom  could  be  successfully 
blasted,  the  top  would  take  care  of  itself.  In  spring- 
ing with  75  per  cent  nitro-gelatin,  which  is  the  best 
explosive  found  for  this  work,  from  12  to  15  per  cent 
of  the  weight  of  the  full  blasting-charge  as  a  rule 
was  used  to  spring  the  pocket.  So  much  has  been 
written  about  springing  holes  that  I  need  make  no 
comment  here  other  than  to  say  that  the  quantities 
used  in  springing  holes  usually  increase  in  multiples 
of  three,  when  the  chamber  is  springing  as  it  should. 
Where  the  collars  of  the  drill-holes  are  likely  to 
blow  out,  and  where  the  ground  is  soft,  and  mani- 
fests a  tendency  to  cave,  it  is  often  best,  where  the 
blaster  has  plenty  of  time,  to  use  sand  instead  of 
water,  and  to  fill  the  hole  each  time.  This  is  costly, 
as  the  drill  has  to  be  placed  over  the  hole  each  time 
to  clean  out  the  sand  from  both  the  hole  and  the 
pocket.  Where  the  springing  of  drill-holes  is  in  good 
ground,  and  where  water  can  be  used  successfully  for 
tamping,  the  usual  rule  is  to  use  a  gallon  of  water 
per  pound  of  springing-charge,  the  quantities  to  be 
varied  afterward  according  to  the  results  obtained. 
By  the  use  of  a  mirror  to  reflect  the  sunlight  to  the 
bottom  of  the  hole,  and  by  means  of  the  tamping-dolly, 
which  consists  of  a  piece  of  round  wood  36  to  40  in. 
long,  tied  preferably  to  a  piece  of  window-cord,  the 
blaster  soon  learns,  within  reasonable  limits,  whether 
or  not  he  will  be  able  to  "chamber"  the  charge  in 
the  pocket.  When  a  hole  gives  trouble — and  there  are 
few  that  do  not — the  blaster  tries  to  make  up  the 
difference  in  the  blasting-powder  necessary  in  the 
two  adjacent  holes.  This  invariably  leaves  a  hard 
bottom  for  the  shovel  to  work  against,  thereby  seri- 
ously interfering  with  efficiency  in  loading.  A  pocket 
that  proves  to  be  too  small  is  disconcerting,  as,  for 
example,  when  the  blaster  had  calculated  that  5,000 
lb.  of  charge  was  required  and  then  finds  that  the 
pocket  is  full  after  1,000  lb.  has  been  placed  in  the 
hole. 

Ore  Deposits,  Equipment  at  Mines  and  Chilean 
Labor. — The  entire  outcrop  of  the  deposit,  which  is 
about  three  kilometers  long  by  half  a  kilometer  wide, 
is  honeycombed  with  old  workings  and  small  dumps, 
some  dating  no  doubt  from  pre-Incarial  times.  These 
in  some  respects  were  an  advantage,  as  the  excava- 
tion for  railroad  construction  through  these  dumps 
was  cheap,  but  they  interfered  with  the  churn-drill 
operations,  since  the  holes  required  casing  in  sink- 
ing through  the  dumps  and  the  old  workings.  The 
dumps  were  excavated  for  about  25  ct.  per  cubic 
meter  by  native  hand  work,  and  the  hardest  rock  was 
excavated  for  80  ct.  per  cubic  meter.  There  are  now 
being  operated  at  Chuquicamata,  8  or  10  steam-shov- 
els, and  about  15  locomotives,  1  electric  shovel,  2  elec- 
tric churn-drills,  and  about  12  steam  churn-drills, 
all  of  which  have  been  successfully  manned  by 
Chilean  mechanics.  The  problem  was  difficult  at  the 
beginning,   and  required    patience    and    encouraging 
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words,  and  the  training  was  accomplished  in  the  face 
of  much  deroRatory  criticism.  The  achievements  of 
the  better  class  of  Chilean  mechanic,  even  to  the  drill- 
ing of  1,500  churn-drill  holes  with  steel  lines,  goes 
to  show  that  the  men  of  the  Southern  Continent  are 
well  able  to  keep  abreast  of  the  times  in  the  use  of 
modern  equipment.  These  Chilenos  took  particular 
pride  in  their  work,  and  were  very  reliable;  they  were 
proud  of  their  ability  and  realized  the  necessity  of 
not  missing  a  day,  because  the  work  of  the  machine 
•lepended  on  their  punctuality.  The  Chilean  laborer 
has  an  independent  spirit,  but  at  all  times  is  subject 
to  reason.  He  knows  well  enough  when  he  is  guilty 
of  a  breach,  and  he  knows  that  the  reprimand  that 
he  receives  is  justified.  Much  better  results  are  ac- 
complished by  means  of  piece-work  or  on  contract.  In 
the  operation  of  drilling-machines  and  steam-shovels, 
they  were  paid  a  bonus  for  work  exceptionally  well 
(lone.  It  is  better  to  encourage  and  to  lead  the  Chilean 
laborer  than  to  attempt  to  drive  him.  It  must  be  said 
also  that  I  have  never  met  with  better  workmen  any- 
where than  the  gangs  of  Chilean  shovelers  working 
on  contract. 


Rapid    Building    of    Timber     Cofferdam 

In  the  construction  of  the  Ciovernment  lock  and 
ilam  at  Troy,  N.  V..  it  was  necessary  to  finish  the  west 
one-half  of  the  concrete  dam  during  one  working 
season.  In  order  to  expedite  this  work  a  special 
method  was  seleited  for  the  rapid  building  of  the 
frame  work  of  the   1,000  ft.  long  wooden  cofferdam. 


Launching    Section    of    Cofferdam    Framework. 

This  frame  work  consisted  of  two  horizontal  and  paral- 
lel sets  of  timber  spaced  about  20  ft.  apart  and  tied 
across  with  iron  rods  and  struts.  The  frame  re- 
sembled two  parallel  board  fences  with  a  distance 
between  the  fence  posts  of  about  21  ft.  In  building 
two  corresponding  sets  of  timbers  were  placed  on 
a  pair  of  cradles  laid  flat  on  a  barge.  The  two  cradles 
were  then  raised,  the  tie-rods  were  put  in,  and  the 
timbers  bolted  to  the  portion  just  completed.  The 
new  section  was  then  picked  up  by  derrick  boats  and 
slid  part  way  over  the  side  of  the  barge  until  there 
Was  room  enough  to  lay  down  another  set  of  timbers 
on  the  cradles,  which  were  again  raised  up  when  ready 
and  connection  made  with  the  preceding  section.  Later 
these  frames  were  lined  with  sheet  spiles  and  the  dam 
filled  with  sand  and  gravel.  By  this  method  it  was 
found  that  the  timber  work  could  be  built  very  rapidly, 
the  greatest  speed  attained  being  100  ft.  in  two  8-hour 
shifts. 


Method  of  Blasting  Out  Ice  Gorjje 

.Much  trouMe  was  iimseil  last  winter  by  ice  gorges 
in  the  .Monongahela  Hiver.  One  of  these  at  Pool  No. 
.')  of  the  Ijovcrnmerit  lock  and  dam  system  coOld  not 
be  handled  by  towboats  and  accordingly  was  dyna- 
mited by  the  U.  S.  District  Engineer.  The  methods 
employed  were  described  by  Lt.-Col.  H.  W.  Stickle, 
U.  S.  Army,  in  a  paper  presented  before  the  Engi- 
neers' .Society  of  Western   Pennsylvania. 

The  lower  end  of  the  gorge  began  at  the  Bridge- 
port tipple  ice-breakers,  0.7  miles  above  Lock  No.  5. 
The  ice  was  packed  to  the  river-bed  e.tcept  in  the 
channel  where  it  varied  from  4  to  6  ft.  in  thickness. 
Farther  up  stream  it  was  found  to  be  of  greater 
thickness  and  more  compact  until  at  the  cofferdam, 
about  2,000  ft.  above  the  Bridgeport  tipple,  it  was 
packed  about  6  ft.  below  the  river  surface  and  piled 
to  a  depth  of  4  to  12  ft.  above  the  river  surface  for  a 
distance  of  GOO  ft. 

This  ridge  of  ice  e.xtended  diagonally  across  the 
river  and  was  wedged  between  the  cofferdam  and  the 
mouth  of  a  small  creek  on  the  opposite  side  of  the 
river  a  short  distance  below.  This  ridge  formed  the 
key  to  the  situation  since  it  was  of  sufficient  strength 
to  stop  the  ice,  piling  against  it  from  above,  and  by 
its  position  it  protected  the  field  of  less  compact  ice 
below  it.  To  break  this  key  it  was  attacked  from  the 
down-stream  side  after  a  channel  1,500  ft.  long  had 
been  blasted  through  the  ice-pack  below. 

After  all  shore  ice  possible  had  been  loosened  at 
the  lower  end  of  the  gorge  by  ramming  with  steam- 
ers, blasting  of  the  channel  up-stream  through  the 
center  of  the  ice-pack  was  started.  Eight  holes  were 
first  disposed  in  a  semicircle  of  about  300  ft.  in  di- 
ameter, the  curve  being  convex  to  the  direction  of 
the  current.  The  holes  were  from  12  to  18  in.  in  di- 
ameter, chopped  through  the  ice  or  to  the  river-bed 
where  necessary,  with  a  long  chisel  bar.  From  10  to 
12  lb.  of  40  per  cent  dynamite  per  hole  were  tied  in 
weighed  cement  sacks,  lowered  through  the  holes  and 
suspended  under  the  lower  surface  of  the  ice.  All 
eight  shots  were  exploded  simultaneously. 

The  ice  was  well  shattered  in  the  areas  encircled 
by  the  holes  and  for  10  to  20  ft.  above  each  hole. 
After  all  loose  ice  had  floated  away,  a  steamer  by 
ramming  and  then  pulling  with  a  snag  hook,  removed 
everything  up  to  the  solid  breast.  The  same  procedure 
was  followed  with  successive  series  of  holes  until  a 
channel  1,500  ft.  long  had  been  cut  up-stream  to  the 
ridge  forming  the  key.  The  number  of  holes  was  de- 
creased from  eight  at  the  down-stream  end'  of  the 
channel  to  five  at  the  up-stream  end,  the  width  cor- 
respondingly decreasing  from  300  ft.  to  100  ft.  The 
width  was  also  controlled  to  some  extent  by  varia- 
tion in  loading  of  the  end  holes  of  each  series.  A 
line  of  five  holes  was  then  laid  out  diagonally,  up- 
stream from  the  opened  channel  to  the  left  shore  op- 
posite the  mouth  of  the  creek,  and  in  such  a  position 
as  to  cut  across  the  down-stream  corner  of  the  ice 
ridge.  When  these  holes  were  fired,  the  greater  part 
of  the  ice  along  the  left  bank  below  them  was  loosened 
and  floated  out  and  a  slight  movement  of  the  ice  ridge 
was  noted.  A  second  diagonal  line  of  holes,  paral- 
leling the  first  line  but  about  300  ft.  farther  up-stream, 
was  next  fired,  breaking  the  ridge  at  its  juncture 
with  the  left  shore.  The  entire  ridge  began  to  move, 
pivoting  about  its  right  end  at  the  Brown  cofferdam, 
and  was  ([uickly  followed  by  movement  of  the  entire 
gorge  above  that  point,  which  at  the  time  extended 
to  Fredericktown,  Pa.  The  river,  at  this  time,  was  7 
ft.  above  the  crest  of  Dam  Xo.  5. 
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Moderating  weather,  together  with  softening  and 
sinking  of  the  ice,  due  to  suspended  silt,  had  started 
the  upper  end  of  the  gorge  to  move  and  undoubtedly 
contributed  to  the  success  of  the  undertaking.  In 
drilling  blast  holes  it  was  noted  that  for  the  upper 
18  in.  the  ice  was  very  hard,  but  below  that  point  it 
was  usually  softened  and  honeycombed  and  filled 
with  silt.  After  the  final  movement  had  started,  the 
entire  gorge  passed  a  given  point  in  three  hours,  but 
it  disappeared  so  rapidly,  by  shattering  on  the  dams 
and  sinking,  that  practically  no  ice  reached  Pitts- 
burgh. 

An  attempt  was  made  to  use  blasting-powder  in- 
stead of  dynamite  to  shatter  the  ice,  but  this  proved 
to  be  a  failure.  Five  1-gal.  jugs  were  each  loaded 
with  10  lb.  of  blasting-powder  and  one  No.  6  electric 
exploder.  After  the  lead  wires  had  been  arranged 
in  slits  in  the  corks  and  sealed  with  soap,  the  jugs 
were  suspended  below  the  ice  and  the  charge  exploded. 
No  appreciable  shock  or  lifting  effect  was  observed, 
probably  because  the  action  of  the  powder  was  so 
slow  that  pressure  was  relieved  by  displacement  of 
the  water. 


Useful  Type  of  Pick    and    Adze 
Made  from  Old  Axes 

Axes  that  have  been  ground  down  to  such  an  extent 
that  little  steel  remains  in  the  bits  and  the  cutting 
edge  is  gone  can  be  made  into  useful  tools  known  as 
picaroons  and  picaroon-adzes.  These  tools  have  been 
employed  by  mining  men  for  several  years.  The  fol- 
lowing description  of  their  use  and  how  they  are 
made  is  abstracted  from  the  Engineering  and  Mining 
Journal. 

The  picaroon  is  a  useful  implement  for  handling 
timbers  or  raising  floors.  It  has  a  crook,  so  that  a 
good  purchase  can  be  obtained  in  raising  a  plank 
when  the  floor  has  become  wedged  tightly  between 
timbers.  Owing  to  its  hooked  point,  a  picaroon  will 
stick  better  in  a  timber  when  dragging  or  pulling  it 
than  a  pick  will.  It  is  a  tool  for  a  special  purpose 
and  is  kept  sharp.    The  picaroon  also  can  be  used  as  a 


Digging  Pole  Holes  With  Dynamite 

A  method  of  setting  a  blast  that  will  throw  practic- 
ally all  of  the  earth  out  of  a  pole  hole  is  described  in 
the  September  issue  of  the  Du  Pont  Magazine.  The 
method  consists  of  digging  a  hole  about  the  depth  of 
one  cut  of  a  long-bladed  tiling  spade  and  to  the  exact 
size  of  the  hole  wanted.  The  bottom  is  leveled  off 
smooth,  and  the  sides  left  perfectly  straight.  This 
much  seems  to  be  essential  to  good  results.  Then  a 
hole  is  bored  with  a  long  IV2  in.  auger  until  it  is  within 
a  foot  of  the  desired  depth  of  the  hole.  This  is  to 
allow  for  the  displacement  of  the  earth  downward 
from  the  charge.  The  hole  must  be  made  exactly  in 
the  center  of  the  spaded  hole.  If  the  ground  is  gravelly 
or  rocky,  a  punch  bar  or  drill  may  be  required.  Then 
the  charge  is  inserted  and  tamped  down  with  earth 
and  fired  by  blasting  cap  and  fuse.  A  few  experiments 
must  be  made  before  the  required  charge  is  ascer- 
tained, as  the  amount  varies  with  different  soils. 

The  principle  on  which  this  system  depends  is  the 
slight  difference  in  the  resistance  of  the  earth  in  the 
sides  of  the  hole  over  that  in  the  center  from  the 
greater  thickness.  This  puts  the  mass  of  earth  from 
the  bottom  of  the  spade  hole  down  to  the  blast  in  the 
position  of  a  charge  of  shot  and  wadding  in  a  gun. 
When  the  bla^t  is  fired,  this  mass  is  started  a  little 
easier  than  the  surrounding  walls,  if  the  spade  hole 
has  been  dug  deep  enough.  Then  as  it  springs  loose, 
the  force  of  the  blast  concentrates  on  it  and  throws  it 
out  clear  and  clean.  The  force  of  the  blast  drives  the 
hole  at  least  a  foot  below  the  charge,  and  the  hole  is 
completed.  This  method  is  not  recommended  for  sandy 
or  light  loam  soils,  as  they  crumble  too  badly  under 
the  force  of  the  blast. 


Horse  Push  Scraper  for  Leveling  Edge  of 
Fill 

A  push  scraper  has  been  found  an  effective  tool  for 
leveling  the  edges  of  fills.  As  employed  by  a  Chicago 
contractor  the  arrangement  consists  of  a  long  piece 
of  timber  attached  to  the  front  wheels  of  a  wagon. 
The  rear  end  of  the  timber  is  counterweighed  and 
the  front  end  carries  a  plank  scraper.  The  horses  are 
hitched  midway  of  the  timber  and  are  alternately 
backed  up  and  driven  ahead,  pushing  the  dirt  over 
the  edge  of  the  fill  in  the  forward  motion. 


Picaroon  and   Picaroon- Adze   Made  f 


hammer  and  is  in  reality  nothing  but  a  special  type 
of  light  pole-pick. 

The  manner  of  making  the  picaroon  depends  upon 
the  amount  of  metal  in  the  axe  head  as  well  as  the 
use  to  which  the  tool  is  to  be  put  after  it  is  made. 
That  used  by  timbermen  in  handling  timbers  in  the 
stope  is  made  light  and  with  a  shorter  point,  so  as 
not  to  pull  out  of  the  timbers  too  easily.  Picaroons 
intended  mainly  for  lifting  floors  are  made  with  longer 
points  and  are  heavier  than  those  used  for  handling 
timbers.  No  new  steel  is  welded  into  the  axe  metal 
to  make  a  new  point,  but,  instead,  the  metal  of  the 
axe  blade  is  drawn  out  in  such  a  manner  that  the  bit  of 
the  axe  will  foi-m  the  lower  part  of  the  point.  Con- 
sequently, the  lower  part  of  the  picaroon  blade  is  made 
up  of  steel  and  iron  welded  together  in  a  laminated 
manner  so  that  it  forms,  when  tempered,  a  tough  and 
lasting  point.  If  there  is  too  much  metal  in  the  axe, 
part  of  it  is  cut  out  on  the  anvil  before  the  new 
tool  is  shaped,  as  shown  by  the  sketch.  If  there  is 
likely  to  be  a  shortage  of  metal  in  the  blade,  a  small 
V  is  cut  in  the  lower  side  of  the  axe,  just  below  the 
eye,  and  the  remaining  metal  is  driven  down  and 
drawn  out  to  form  the  point,  so  that  the  steel  of  the 
bit  will  be  kept  in  the  lead  as  much  as  possible. 

A  picaroon-adze  can  be  made  from  an  old  axe  head 
in  a  similar  fashion,  but  care  is  taken  in  drawing  out 
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the  metal  to  keep  the  steel  of  the  bit  well  in  the  lead, 
and  all  the  nietal  i«  preserved  so  as  to  give  weight  to 
the  tool.  When  the  metal  has  been  drawn  out  to 
form  a  point  5  in.  long,  an  adze  bit  about  an  inch 
and  a  half  wide  is  shaped,  tempered  and  ground.  A 
picaroon-adze  will  be  found  handy  in  chopping  out 
a  timber  that  cannot  be  removed  with  an  axe  or  wood 
chisel. 

Both  the  timber  picaroon  and  the  picaroon-adze  are 
fitted  with  an  axe  helve  for  a  handle,  because  it  is 
curved  and  can  be  gripped  securely  and  easily..  The 
floor  picaroon  is  fitted  with  an  old  pick-handle,  for  this 
is  stronger  and  will  permit  of  much  more  prying  with- 
out danger  of  breaking  while  raising  floors. 

At  the  Bunker  Hill  &  Sullivan  mine,  old  pick  eyes, 
no  longer  heavy  enough  to  make  good  picks,  are  used 
to  make  picaroons.  One  end  of  the  pick  is  cut  off 
about  2  in.  from  the  eye,  and  the  other  is  drawn  out 
to  form  a  light  slightly  hooked  pick-point,  which  has 
the  same  general  appearance  as  the  point  on  the  axe- 
picaroon  just  described. 


Application  of  Lubricant  to  Wire  Rope 

An  importiiiit  point  in  the  lubrication  of  wire  rope 
is  the  application  of  the  lubricant.  Various  methods 
have  been  employed,  but  in  adopting  any  one  method 
or  combination  of  methods,  states  Lubrication,  the  par- 
ticular mode  chosen  must  be  dictated  by  the  specific 
problem  encountered.  On  inclined  and  horizontal 
ropes,  where  operating  speeds  permit,  operators  very 
often  pour  the  lubricant  on  the  rope,  the  excess  being 
caught  in  a  pail,  which  serves  the  double  purpose  of 
container  and  overflow  vessel.  It  has  been  found 
excellent  practice  to  paint  the  lubricant  on  with  a 
brush,  catching  the  surplus,  as  before,  in  a  pail.  Good 
results  have  been  obtained  by  providing  each  rope 
with  a  trough  through  which  the  rope  is  compelled  to 
pass  by  making  it  run  under  a  wheel  mounted  on  the 
trough.  Another  device  consists  of  a  barrel  fitted  with 
steam  coils,  to  insure  a  proper  heating  of  the  product, 
and  a  valve  and  short  piping  arrangement  for  furnish- 
ing a  continuous  flow  of  the  lubricant  to  the  rope, 
suitable  means  being  provided  for  wiping  the  cable 
and  conserving  the  excess  dressing.  Engineers  report 
good  service  obtained  by  pouring  the  dressing  on  the 
winding  drums.  Others  report  that  they  have  obtained 
best  results  by  providing  each  rope  with  a  split  box 
of  some  25  lb.  capacity  into  which  compounds  can  be 
poured  while  hot  and  througfi  which  the  rope  passes 
in  operation. 


Accidents  in   (Connection    with    Scaffolds 

Nearly  .'J,  100  accidents  in  connection  with  .scaffolds 
in  building  construction  were  reported  to  the  Penn- 
sylvania Department  of  Labor  and  Industry  in  1917. 
Of  these  accidents  65  were  fatal.  Falls  from  struc- 
tures during  erection  were  responsible  for  217  acci- 
dents, of  which  14  were  fatal;  SG7  persons  (14  fa- 
tally), were  injured  by  the  collapse  of  scaffolds  and 
staging;  2.122  persons  (31  fatally),  were  injured  by 
falling  from  scaffolds  and  staging;  .385  persons  were 
injured  (it  fatally)  by  material  falling  from  scaffolds 
and  buildings  under  erection. 

Skip  Stop  SyHtem  for  All  Street  Kailwayn. — Street 
railway  companies  of  the  United  States  have  been 
instructed  by  the  Fuel  Administration  to  put  into 
effect  the  "skip  stop"  system  on  all  lines  by  the  end 
of  September.  .State  fuel  administrators  have  been 
ordered  to  obtain  the  installation  of  the  system  by 
Sept.  15,  if  possible. 


Safe  CJonstniction  of  Scaffolds  and 
Falsework* 

By  T.  F.  FOLTZ, 

M<>rhanlral   BnKlne«r.    I'mnnylvnnla    State   Department  of   Uabor 

nntt    Induiitry. 

Poor  and  inadequate  scaffold  construction  may  be 
traced  largely  to  the  desire  on  the  part  of  builders  to 
use  old  and  poor  lumber.  Subcontractors  generally 
fail  to  include  sufficient  money  in  their  bid  to  cover 
this  contingency,  depending  on  using  scaffolds  erected 
by  the  general  contractor.  These  scaffolds  may  have 
been  satisfactory  for  their  original  purpose,  but  in 
same  cases  may  not  be  adetjuate  for  the  use  of  the 
subcontractor.  Even  though  suflicient  money  has  been 
included  in  the  bid  for  the  erection  of  proper  scaf- 
folds, there  is  a  great  incentive  to  skimp  this  portion 
of  the  work  in  order  to  increase  the  amount  of  "vel- 
vet." Too  much  dependence  is  usually  placed  on  pick- 
ing up  sufficient  lumber  about  the  job  to  construct 
scaffolds.  In  this  way  not  only  will  improper  sizes 
be  used,  but  the  material  may  also  be  mostly  inferior 
and  defective. 

The  work  of  building  the  scaffold  is  too  often  dele- 
gated to  unskilled  persons  because  it  is  not  a  perma- 
nent structure  and  appearance  is  no  object.  Many 
accidents  can  be  traced  to  this  cause,  and  it  is  sur- 
prising that  we  do  not  have  more  of  them.  The  con- 
tractor should  delegate  a  thoroughly  experienced  man 
to  be  responsible  for  this  work,  and  all  building, 
changing,  and  removal  of  scaffolds  should  be  done 
under  his  jurisdiction. 

Pole  Scaffolds. — The  general  construction  of  the 
pole  scaffold,  used  mostly  by  bricklayers,  is  as  follows: 
Poles  or  uprights  about  4  in.  square  in  cross  sec- 
tion are  erected  about  7  ft.  6  in.  apart  on  a  line  ap- 
proximately 4  ft.  6  in.  from  the  wall.  Stringers  P4 
in.  thick  and  from  8  to  12  in.  wide,  depending  on  the 
load  they  are  to  carry,  are  nailed  on  the  poles  in  a 
position  parallel  to  the  ground.  These  are  spaced 
vertically  about  5  ft.  apart  and  serve  as  the  outer 
bearings  for  the  putlogs.  The  inner  ends  of  the 
latter,  having  a  cross  section  of  about  3  by  4  in. 
and  a  length  of  about  6  ft.  rest  in  holes  left  in  the 
brick  wall. 

The  putlogs  support  the  platform  planks,  and  there 
should  \>e  a  suflicient  number  of  them  so  that  there 
will  be  at  least  three  under  every  plank.  With  16-ft. 
planks,  about  2  in.  thick  and  10  in.  wide,  the  putli\gs 
may  be  spaced  the  same  as  the  uprights,  namely,  7  ft. 
6  in.  apart.  If  thinner  planks  are  used  the  putlogs 
should  be  placed  closer  together.  The  planks,  with  the 
above  dimensions,  will  lay  5  wide  in  the  space  be- 
tween the  buildings  and  the  uprights.  Their  ends  will 
overlap  each  other  1  ft.,  and  there  should  be  a  putlog 
under  this  point  of  overlapping  to  avoid  the  forma- 
tion of  a  blind  trap. 

It  will  not  be  necessarj-  to  nail  the  putlogs  or  planks 
in  position  unless  local  conditions  require  that  they 
be  erected  on  an  incline,  or  heavy  vibration  or  other 
considerations  should  necessitate  such  a  precaution. 
There  should  be  a  guard  rail,  at  least  3  in.  by  1';..  in. 
in  cross  section,  erected  along  the  uprights  parallel 
with  the  platform  and  about  34  in.  high.  A  similar 
guard  rail  should  also  extend  across  any  window- 
openings  on  the  building  side  of  the  platform  where 
these  openings  extend  to  more  than  34  in.  above  the 
platform.     Below  this  rail,  along  the  outer  edge  of 
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the  platform,  a  toe  board  about  6  in.  deep  should  be 
provided  to  prevent  material  from  falling  from  the 
scaffold.  If  material  such  as  bricks  is  to  be  placed 
on  the  platform  in  piles  higher  than  the  toe  board, 
then  the  latter  should  be  higher  accordingly,  or  the 
space  between  the  toe  board  and  the  guard  rail  should 
be  filled  in  with  boards  or  substantial  wire  screening. 

In  order  to  eliminate  the  possibility  of  the  pole  scaf- 
fold collapsing  in  a  direction  parallel  with  the  walls, 
there  should  be  substantial  diagonal  braces  nailed 
across  the  uprights.  There  should  also  be  braces 
nailed  to  the  building  at  various  points,  such  as  win- 
dow frames  and  other  points  of  attachment,  in  order 
to  prevent  the  scaffold  from  falling  away  from  the 
building.  On  blind  walls  where  there  are  no  points 
available  for  nailing  braces  of  this  kind,  spring  stays 
may  be  used.  To  make  a  spring  stay,  two  boards  are 
inserted  in  the  hole  in  the  wall  left  by  the  removal  of 
a  putlog  in  raising  the  platform  to  a  higher  level,  and 
a  brick  is  then  placed  between  the  two  boards  and 
pushed  to  within  a  few  inches  of  the  wall.  The  outer 
ends  of  the  boards  are  then  sprung  together  and 
nailed  fast  to  the  scaffold.  The  result  is  that  both 
boards  at  their  inner  ends  are  pressing  against  the 
vop  and  bottom  of  the  hole  with  such  force  that  there 
is  sufficient  holding  power  to  prevent  the  scaffold 
from  falling  away  from  the  building. 

Independent  Pole  Scaffolds.— The  design  of  the  in- 
dependent pole  scaffold  departs  somewhat  from  that 
of  the  pole  scaffold.  Instead  of  using  the  building  as 
the  inner  support  for  the  platforms,  an  additional  set 
of  uprights  is  erected  close  to  the  building.  This  kind 
of  scaffold  is  often  used  by  stone  masons  as  it  is 
usually  undesirable  to  leave  openings  in  stone  walls 
for  the  reception  of  putlogs.  These  scaffolds  are 
usually  made  in  larger  dimensions  than  the  pole  scaf- 
folds, and  a  greater  amount  of  bracing  is  necessary 
on  account  of  their  being  independent  of  the  build- 
ing for  support.  Instead  of  the  usual  putlogs  rest- 
ing upon  the  ledgers  as  in  the  pole  scaffolds,  boards 
about  Vo  in.  thick  and  about  9  in.  wide  are  nailed 
on  the  sides  of  the  uprights  just  above  the  ledgers 
and  perpendicular  to  them  and  the  building.  These 
bearers,  which  correspond  to  the  putlogs,  add  consid- 
erable bracing  to  the  structure  on  account  of  being 
nailed  fast. 

This  scaffold  is  usually  made  twice  as  wide  as  the 
pole  scaffold,  and  larger  members  are  used  through- 
out on  account  of  the  greater  strain  upon  the  various 
parts.  The  method  of  laying  flooring  is  substantially 
the  same  as  that  for  the  pole  scaffold,  and  the  same 
consideration  should  be  given  with  reference  to  the 
guard  rails  and  toe  boards.  Better  footing  is  re- 
quired in  these  scaffolds  on  account  of*  a  greater 
weight  resting  upon  each  upright.  Where  there  is 
any  question  as  to  the  ability  of  the  soil  to  hold  the 
pole,  there  should  be  a  substantial  block  of  wood, 
about  2  in.  thick  and  a  foot  square,  nailed  to  the  bot- 
tom of  the  Upright  in  such  a  manner  that  a  .larger 
bearing  area  will  be  secured.  Stones  or  bricks  should 
never  be  used  under  uprights  in  any  kind  of  a  scaffold 
as  they  are  very  easily  knocked  from  position  by  trucks 
or  material  bumping  against  the  uprights. 

Suspended  Scaffolds. — Pole  and  independent  pole 
scaffolds  are  generally  used  for  buildings  up  to  about 
6  stories  in  height.  Above  this  height  the  construc- 
tion of  these  scaffolds  becomes  a  large  item  of  ex- 
pense, and  there  is  also  a  greatly  increased  element 
of  danger  connected  with  high  scaffolds  due  to  the 
great  weight  coming  upon  the  bottom  uprights.  On 
high  buildings  it  is  now  customary  to  use  suspended 


scaffolds,  which  usually  consist  of  substantial  plat- 
form planks  resting  upon  putlogs,  each  end  of  which 
is  suspended  by  means  of  a  cable  hung  from  an  over- 
head beam  projecting  from  the  building.  These  scaf- 
folds are  usually  equipped  with  means  for  raising  and 
lowering  the  platforms,  which  consists  of  a  machine 
for  each  cable  with  a  drum  and  means  of  winding 
up  the  cable. 

There  are  two  principal  types  of  these  scaffold 
hoisting  machines:  on  one  the  winding  drums  are  lo- 
cated on  the  platform,  and  on  the  other  these  drums 
are  located  on  the  beams  overhead.  Advantages  are 
claimed  for  both  systems,  and  no  attempt  will  be  made 
here  to  justify  the  use  of  one  over  the  other.  The 
first  type  is  worked  usually  by  a  lever  and  ratchet  op- 
erated directly  on  the  cable  drum  on  the  platform; 
the  other  is  operated  by  means  of  worm  gears  and  a 
sheave  wheel  driven  by  a  tiller  rope  which  extends 
within  reach  of  the  men  on  the  platform.  These  scaf- 
folds are  usually  provided  with  cables  approximately 
100  ft.  long,  and  where  it  is  necessary  to  work  be- 
yond this  range,  the  scaffold  is  relocated  to  a  new  po- 
sition above  after  the  cable  is  woundjup. 

Suspended  scaffolds  should  never  be  used  without 
guard  rails  and  toe  boards  on  account  of  the  great 
height  at  which  they  are  operated.  It  is  also  advisa- 
ble to  fill  in  the  space  between  the  guard  rail  and  toe 
board  with  substantial  netting  having  openings  no 
greater  than  ^  ^  in. 

Outrigger  Scaffolds. — At  certain  places,  such  as 
under  big  cornices  and  for  other  special  construction, 
platforms  are  often  placed  upon  beams  thrust  out 
from  the  building.  These  beams  should  be  of  sub- 
stantial dimensions  and  excellent  quality,  and  they 
should  be  rigidly  fastened  on  the  inner  ends  to  floor 
beams  or  substantially  braced  against  overhead 
beams.  No  dependence  should  be  placed  upon  these 
cantilever  beams  being  simply  fastened  into  the  wall; 
they  should  project  inside  of  the  building  to  some  con- 
siderable distance  and  there  be  securely  fastened. 
Guard  rails  and  toe  boards  should  always  be  used 
with  this  tvpe  of  scaffold,  and  the  planks  should  be 
provided  with  the  same  consideration  as  used  for  lay- 
ing the  planks  in  pole  scaffolds.  These  scaffolds  are 
not  recommended  where  it  is  possible  to  use  one  of 
the  other  types. 

Carpenters'  Bracket  Scaffolds. — With  the  carpen- 
ters' bracket  scaffold,  platform  planks  are  placed  upon 
brackets,  which  consist  of  horizontal  and  vertical 
members,  usually  about  4  ft.  long,  and  a  diagonal 
member  to  provide  the  necessary  bracing.  These 
members  are  bolted  together  in  a  substantial  man- 
ner, and  the  bracket  is  placed  on  the  building  with 
its  horizontal  member  perpendicular  to  the  wall.  It 
is  held  in  that  position  by  a  bolt  anchored  at  the  in- 
ner end  of  the  horizontal  member,  extending  through 
the  wall,  and  bolted  on  the  inside.  This  bolt,  usually 
about  %  in.  in  diameter,  should  not  be  simply  bolted 
through  the  sheathing,  but  should  project  through  a 
substantial  block  that  extends  across  the  inside  of 
the  studs. 

There  should  be  sufficient  brackets  in  order  that 
there  may  be  three  under  each  plank.  Thus  with  16- 
ft.  planks,  the  brackets  should  be  no  further  apart 
than  7  ft.  6  in.,  in  order  that  the  planks  may  overlap 
each  other  about  1  ft.  over  every  alternate  bracket. 
This  type  of  scaffold  does  not  adapt  itself  very  readily 
to  the  installation  of  guard  rails  and  toe  boards. 
These  rails  and  toe  boards  may,  however,  be  installed 
without  much  trouble,  and  where  the  scaffold  is  used 
more  than  10  ft.  above  the  ground,  they  should  cer- 
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tainly  be  erected.  It  is  a  very  common  practice  to  lay 
the  platform  planks  upon  these  brackets  in  such  man- 
ner that  the  points  of  overlappinvr  »!'>  not  always  come 
upon  a  bracket.  This  forms  a  blind  trap,  and  under 
certain  conditions  may  result  in  a  man  beinK  precipi- 
tated to  the  ground  below,  shoulil  he  place  his  entire 
weight  upon  the  unsupported  point  of  overlapping 

Painter**"  ScalTold.-*. — The  painters*  scaffold  consists 
of  a  ladder-like  platform  having  parallel  sides  but 
somewhat  wider  than  an  ordinary  ladder,  each  end 
of  which  is  suspended  by  a  triangular  stirrup.  This 
.vtirrup  is  usually  made  of  -'i-in.  wrought  iron  or 
steel,  and  at  the  upper  or  apex  corner  the  metal  is 
in  the  form  of  a  smooth  loop  for  the  reception  of  the 
hook  of  the  lower  hoisting  rope  block.  The  upper 
block  of  the  hoisting  rope  is  held  by  a  large  wrought 
iron  or  steel  hook,  about  "'s-in.  diameter  in  cross  sec- 
tion, which  is  hooked  over  the  cornice  of  the  build- 
ing in  a  sub.«tantial  manner.  The  stirrups  should 
have  appropriate  brackets  for  the  installation  of 
guard  rails  as  well  as  toe  boards,  and  it  is  noted  with 
a  great  deal  of  satisfaction  that  this  type  of  scaffold 
is  being  provided  with  these  rails  more  generally  now- 
then  several  years  ago.  The  scaffold  is  raised  or 
lowered  by  the  men  on  the  platform,  and  the  free  end 
of  the  rope  is  deftly  looped  under  the  rounded  ape.\ 
of  the  stirrup  and  over  the  hook  in  such  manner  that 
the  platform  is  held  in  position  without  any  further 
securing  of  the   rope. 

The  loose  ends  of  the  rope  below  the  fa.stening 
should  be  protected  from  injury  or  tampering  by  un- 
authorized per.son.s  on  the  ground  and  it  is  a  good 
plan  to  coil  this  free  portion  of  the  rope  upon  the 
platform.  Projections  in  front  of  the  platform,  with 
rollers  on  their  ends,  bear  against  the  side  of  the 
building  and  determine  the  distance  that  the  platform 
shall  have  therefrom.  Where  the  distance  from  the 
platform  to  the  point  of  support  overhead  is  great,  the 
scaffold  should  be  lashed  to  the  building  in  a  sub- 
stantial manner  in  order  that  it  will  not  swing  away 
from  the  building  and  thus  present  a  considerable 
hazard  to  the  workmen.  When  the  men  leave  the  scaf- 
fold for  any  length  of  time,  they  should  either  lower 
it  to  the  ground,  or  at  least  lash  it  securely  to  the 
building  in  such  a  manner  that  it  will  not  be  blown 
about  by  the  wind.  Buckets  and  other  tools  should 
not  be  left  on  the  scaffold  as  they  may  fall  to  the 
ground  below  with  possible  injury  to  persons.  No 
more  than  2  men  should  regularly  work  on  one  paint- 
ers' scaffold,  and  no  more  than  ?>  men  should  ever  be 
on  the  scaffold  at  any  one  time.  Several  painters' 
scaffolds  should  not  be  combined  by  bridging  the 
spaces  between  them  with  planks  in  order  to  cover  a 
greater  amount  of  the  building  with  a  small  number 
of  scaffolds. 

Needle  iieam  Scaffolds. — Needle  beam  scaffolds  are 
used  largely  for  riveting  steel  work  on  buildings  and 
for  working  under  roofs.  It  consists  of  a  plank  plat- 
form resting  upon  two  beams  which  are  suspended  at 
each  end  by  means  of  ropes.  Where  beams  span  from 
10  to  12  ft.,  they  should  have  a  cross  section  of  at 
least  4  by  G  in.;  for  larger  spans,  larger  beams  ac- 
cordingly should  be  used.  Great  care  should  be  used 
in  the  placing  of  the  platform  planks.  The  beams 
should  be  parallel,  and  in  case  local  conditions  re- 
quire that  one  beam  be  lower  than  the  other,  the  plat- 
form planks  should  be  provided  with  bolts  in  each 
end  to  prevent  them  sliding  over  the  beams.  It  is 
best  practice  in  any  event  to  have  the  platform  planks 
always  fitted  with  these  bolts  placed  about  6  in.  from 
each  end.     In  some  cases  guard  rails  on  this  type  of 


scaffold  may  be  a  hazard  instead  of  a  help.  Where 
the  work  consists  of  swinging  a  maul  or  a  sledge,  the 
guard  rail  may  promote  an  accident  instead  of  pre- 
venting it. 

IMa^terers"  and  Decoratorn'  ScaffoldH. — Plasterers' 
..ml  decorators'  working  on  large  interiors,  usually 
operate  from  scaffolds  designed  somewhat  similar  to 
independent  pole  scaffolds.  These  cover  the  entire 
floor  in  order  that  access  to  the  ceiling  may  be  had 
as  well  as  to  all  the  walls.  For  very  large  areas,  scaf- 
folds are  usually  constructed  around  the  4  walls  of 
the  room,  and  suspended  or  needle  beam  scaffolds  are 
hung  from  the  ceiling.  In  erecting  the  side  scaffolds 
the  same  precautions  should  be  taken  as  with  the  con- 
struction of  independent  pole  scaffolds.  The  parts 
should  be  well  braced,  and  the  same  care  should  be 
taken  as  to  the  installation  of  guard  rails  and  toe 
boards.  There  is  a  difference  of  opinion  as  to  how 
the  platform  planks  should  be  laid  overhead.  M?ny 
authorities  believe  that  it  is  satisfactory  to  permit  a 
space  of  6  in.  to  a  foot  between  the  vari<ius  planks, 
assuming  that  the  men  will  not  fall  down  through 
such  a  space.  This,  however,  does  not  prevent  tools 
or  material  from  falling  to  the  floor  below  and  pos- 
sibly upon  persons,  and  it  is  more  desirable  that  the 
platforms  be  built  solid,  particularly  at  the  points 
where  the  men  do  their  work.  For  lower  ceiling 
heights  horse  scaffolds  and  ladder  scaffolds  may  be 
used. 

Horse  Scaffolds. — Horse  scaffolds  consist  of  strongly 
made  trestles  over  which  platform  planks  are  placed. 
They  are  used  largely  by  stone  masons  for  both  in- 
side and  outside  work.  The  work  is  first  carried  up 
about  5  ft.  from  the  base,  after  which  a  platform  is 
erected  with  horses  about  4  ft.  high,  together  with  the 
usual  platform  planks.  When  the  work  is  again  car- 
ried beyond  reach  of  the  men,  another  horse  scaffold 
may  be  erected  upon  the  first,  care  being  taken  to  see 
that  the  horses  are  placed  directly  one  above  the 
other.  It  will  not  be  necessary  to  leave  all  of  the 
platform  planks  upon  the  first  scaffold.  The  outside 
planks,  or  those  upon  which  the  legs  of  the  hor.ses 
rest,  should  remain  in  position,  and  the  others  may  be 
removed  for  use  above.  If  the  work  is  being  done 
inside,  it  is  possible  that  the  men  may  reach  the  ceil- 
ing without  erecting  any  more  tiers,  and  the  work 
may  then  be  carried  on  from  the  floor  above,  provided 
the  building  is  of  steel  construction  and  the  floor 
beams  have  been  constructed  before  the  side  walls. 
There  are  cases  where  l)uilders  erect  horse  scaffoJds 
in  6  or  even  8  tiers  high,  but  we  do  not  consider  it  ad- 
visable to  go  beyond  .'?  or  4  tiers.  It  is  not  an  uncom- 
mon sight  to  see  bricks  or  other  material  under  trestle 
legs,  and  in  such  a  case  there  is  needed  only  a  slight 
jar  to  upset  the  whole  scaffold.  It  is  advisable  that, 
where  these  scaffolds  are  erected  in  tiers,  the  trestle 
legs  be  nailed  to  the  planks  upon  which  they  stand. 
This  will  give  increased  strength  to  the  scaffold  and 
help  to  prevent  its  collapse  due  to  vibrations  caused 
in  any  manner.  A  scaffcdd  of  several  tiers  should 
also  be  braced  against  the  side  of  the  building,  or  by 
diagonal   braces   from  the  floor. 

(Jeneral  Requirements. — The  lumber  used  in  scaf- 
folds should  be  either  spruce  r)r  long  leaf  yellow  pine; 
hemlock  should  not  be  used  as  it  is  too  brittle.  All 
parts  should  be  free  from  defects  such  as  injurious 
ring  shakes  and  cross  grain  or  unsound  knots.  Nails 
should  be  of  the  best  quality,  and  they  should  be 
driven  full  length,  the  bending  over  of  partially  driven 
nails  being  poor  practice.  Cables  used  w-ith  suspended 
scaffolds  should  be  not  less  than  ' :;  in.  in  diameter; 
they  should  be  plow  steel,  6  strands,   10  wires,  and 
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have  a  factor  of  safety  of  at  least  5.  They  should 
be  galvanized  to  order.  Steel  ribbon  should  not  be 
used  for  suspended  scaffolds  as  it  is  more  liable  to 
break  and  is  easily  kinked.  Where  rope  is  used  it 
should  be  of  the  best  manila  grade,  and,  where  it 
passes  over  sharp  corners,  it  should  be  protected  from 
abrasion  by  padding  or  other  suitable  means. 

Where  scaffold  uprights  are  spliced,  they  should  be 
butted  together  and  at  least  two  boards,  about  4  ft. 
long,  should  be  nailed  on  two  adjacent  sides.  The 
splices  on  adjacent  uprights  should  not  be  at  the  same 
level,  but  should  be  staggered.  Where  fixed  ladders 
are  constructed  on  scaffolds,  they  should  extend  about 
45  in.  above  the  platform,  in  order  to  facilitate  the 
landing  of  the  workmen.  Single  pole  ladders  should 
not  be  used.  Where  the  scaffolds  are  to  be  used  a  long 
time,  it  is  preferable  to  construct  stairways  having 
full  treads  and  substantial  railings.  Runways  to  plat- 
forms should  not  have  a  greater  rise  than  1  ft.  in 
each  2  ft.  of  length.  Where  the  rise  is  greater  than 
1  ft.  in  5  ft.  of  length  the  runway  should  have  cleats 
nailed  thereon  about  8  in.  apart  to  prevent  slipping. 
The  center  portions  of  the  cleats  may  be  omitted  in 
order  to  provide  a  wheelbarrow  track. 

Where  necessary,  overhead  protection  should  be  pro- 
vided for  persons  or  workmen  about  scaffolds  in  order 
to  catch  falling  objects.  Where  a  .sidewalk  under  a 
scaffold  is  kept  in  service,  it  should  of  course  be  en- 
tirely bridged  over  with  substantial  material.  All 
doors  being  used  on  ground  floors  of  building  should 
have  ample  protection  over  their  entrances.  Sus- 
pended scaffolds  should  also  be  equipped  with  either 
heavy  canvas  or  heavy  wire  netting  covers  where 
used  with  tall  buildings,  in  order  to  protect  the  work- 
men on  the  scaffolds. 

Consideration  should  be  given  to  the  use  of  life  lines 
and  safety  belts  for  men  working  on  thrust-outs  and 
high  elevations.  These,  however,  should  be  used  with 
caution,  as  they  may  in  certain  cases  hamper  the 
workm.en  and  possibly  promote  accidents.  In  large 
auditoriums  having  high  ceilings,  and  also  for  struc- 
tural iron  workers  operating  at  great  heights,  safety 
nets  are  often  used  advantageously  to  catch  work- 
men should  they  fall.  These  nets  should  be  con- 
structed of  at  least  1'2-in.  manila  rope  haying  meshes 
no  larger  than  4  in.  squai'e  and  borders  of  at  least  %- 
in.  rope. 

Falsework. — A  great  deal  of  the  foregoing  material 
applies  to  the  construction  of  falsework.  This  class 
of  construction  cannot  be  standardized  to  the  same 
extent  as  scaffold  work,  hence  it  will  be  impracticable 
to  give,  in  detail,  specifications  for  safe  construction. 
Whether  the  falsework  is  erected  to  support  a  stone  or 
brick  arch,  or  partakes  of  the  elaborate  work  used  in 
the  building  of  some  of  our  modern  masonry  and  con- 
crete bridges  and  similar  structures,  it  should  in  every 
case  be  given  careful  treatment,  and  be  designed  ac- 
cording to  the  stresses  to  be  met.  In  most  cases  it 
will  be  necessary  to  make  drawings  giving  as  much 
detail  as  if  the  structure  were  a  permanent  one. 

Only  the  most  experienced  men  should  be  en- 
trusted to  the  construction  of  this  class  of  woi'k,  and 
propositions  of  large  dimensions  should  be  handled  as 
faithfully  as  though  the  structure  were  going  to  be 
a  permanent  one.  In  the  design  and  construction  of 
all  falsework,  great  consideration  should  be  given  to 
the  method  of  its  removal  after  it  has  served  its  pur- 
pose. False  centers  should  be  so  designed  that,  by 
collapsible  keys  or  other  means,  they  may  be  removed 
without  straining  or  damaging  the  permanent  struc- 
ture. 


Test  of  Rock  Foundation  for 
Concrete  Dam 

Preliminary  to  the  construction  of  the  Government 
lock  and  dam  at  Troy,  N.  Y.,  a  thorough  test  was  made 
of  the  rock  foundation.  The  methods  employed  in 
making  this  test  were  described  by  Mr.  A.  C.  Harper, 
assistant  engineer,  U.  S.  Engineers  Department,  in  the 
July-August  Professional  Memoirs  from  which  the 
following  notes  are  abstracted. 

At  the  site  of  the  dam  the  "Middle  Trenton"  shale  is 
found.  The  surface  and  character  of  the  rock  were 
approximately  determined  by  borings  made  with  jump, 
hand  driven,  and  calyx  drills.  Results  of  the  borings 
indicated  a  very  uneven  surface  of  seamy  rock  and 
large  boulders.  The  amount  of  core  obtained  by  the 
calyx  drilling  was,  in  most  instances,  so  small  in  com- 
parison with  the  depth  of  the  hole  that  it  gave  little  or 
no  definite  data  as  to  the  strata  or  structure  of  the 
rock.  Some  of  the  samples  were  hard  and  compact 
but  most  of  them  disintegrated  more  or  less  when 
exposed  to  the  action  of  air. 

About  3,000  sq.  ft.  of  rock,  at  the  site  of  the  shore 
end  of  the  west  arm  of  the  dam,  was  uncovered  and 
exposed  to  air  for  a  period  of  about  six  weeks ;  during 
which  time  tests  were  made  by  forcing  air  and  color- 
ing matter,  under  60  lb.  pressure,  into  the  rock  through 
a  2  in.  drilled  hole  14  ft.  deep,  and  for  resistance  to 
pull,  on  steel  rods  cemented  into  drilled  holes.  An 
examination  of  the  surface,  for  roughness,  structure 
and  strata  was  also  made. 

The  test  Tioles  were  hand  drilled  on  10  ft.  centers 
and  with  the  exception  of  the  one  to  which  the  air 
tests  were  applied  were  from  4  to  6  ft.  in  depth.  The 
drilling  of  the  14  ft.  hole  indicated  no  material  change 
in  the  rock  structure  after  penetrating  the  compact 
surface  crust,  which  is  about  3  in.  thick.  A  stream 
of  sulphur  water  was  encountered,  at  a  depth  of  10 
ft.,  which  rose  in  a  pipe  to  a  height  of  G^o  ft.  above 
the  surface  of  the  rock  and  maintained  a  constant 
flow.  It  was  piped  to  a  point  beyond  the  downstream 
face  of  the  foundation. 

The  compressed  air  tests  indicated  fissures;  but  an 
attempt  to  force  discolored  water  through  them  was 
unsuccessful. 

The  tests  made  by  pull  on  anchor  bolts  indicated 
that  the  rock  might  safely  be  depended  upon  to  de- 
velop its  full  strength.  The  steel  bolts  used  were 
made  of  the  "Kahn"  bar,  1  in.  section;  they  were 
cemented  into  2  in.  drilled  holes  with  neat  Atlas  cement 
grout.  The  lower  ends  of  the  i-ods  were  upset  and 
the  upper  ends  bent  and  welded,  forming  a  4  in.  eye. 
The  full  was  made  by  a  24  in.  by  20  ft.  I-beam  used 
as  a  lever;  the  weight  applied  being  sand  in  bags 
weighing  100  lb.  each. 

Test  No.   1— 

Depth  of  hole,  6  ft. 
Cement  grout,  19  days  old. 

Slight  radical  cracks  appeared  in  the  surface  of 
the  rock  with  a  pull  of  35,500  lb.,  slightly  increasing  in 
size  to  a  width  of  %  in.  with  a  pull  of  40,000  lb.  when 
the  weld  of  the  bolt  eye  failed. 

Test  No.  2— 

Depth  of  hole,  4  ft.; 
Age  of  grout,  25  days. 

The  welded  eye  of  the  bolt  failed  with  a  pull  of 
45,500  lb.  and  the  surface  of  the  rock  showed  one  very 
slight  radial  crack.  The  bolt  was  reshackled  and  the 
pull  increased  to  46,000  lb.  at  which  the  bolt  itself 
parted. 
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Test  No.  3— 

Depth  of  hole.  4'..  ft.; 
Grout,  215  day.s  old. 
With  a  pull  of  72.000  lb.  the  pullinsr  rig  failed.    The 
bolt  showed  slight  eloiijralion  but  no  cracks  appeared 
in  the  surface  nf  the  rock. 

The  surface  cracks   in  test  No.   1    were   ver>'   likely 
due  to  the  failure  uf  the  cement  ({rout. 


Directory    of    the    AnuTiiuii    Association 
of   Kiijiiiu'crs 

The  tirst  directory  of  the  American  Association  of 
EnK'ineers  has  just  been  issued  from  the  national 
headquarters  at  29  South  La  Salle  street.  Chicago. 
The  publication  is  a  considerable  improvement  over 
the  ordinary  society  year-book.  In  its  publication  the 
aim  has  been  to  make  a  directory  that  would  be  an 
actual  enjrineerinR  service  guide.  The  directory  gives 
a  brief  synopsis  of  each  member's  e.xperience  and 
training,  which  will  be  of  definite  usefulness  to  the 
employer  of  engineers,  who  will  be  able  to  tell  whether 
;.n  applicant  fills  hi.s  needs  without  the  loss  of  time 
from  unnecessary  interviews. 

Classified  tables  have  been  compiled  based  on  expe- 
rience, so  that  it  is  possible  to  find  a  consulting  en- 
gineer, an  executive  or  a  subordinate  having  specific 
experience  and  living  in  any  definite  locality.  Thus 
if  one  needs  a  consulting  hydraulic  engineer,  or  a  de- 
signer of  machine  parts,  he  is  able  to  find  men  having 
this  experience  through  the  aid  of  the  classified 
tables. 

The  2204  members  registered  in  the  Directory  are 
divided  according  to  experience,  as  follows : 


The  membership  is  divided  as  follnws: 

Pet. 

fon-nltins'    iirntlrlng  enBln«!er») 10.3 

.'.'.'.'.W'.'.'.'.'.W'.W'.'.'.y.'.V.'.'.W'.'.'.W.'.'.'.'.'.'.'.'.'.  O'.h 

is.   maxi&gen.  superintendents,  etc.) 40.4 

■iien.    etc 42.5 

^it. ,.!.,,:                   5.1 

Over  20  per  cent  of  the  members  of  the  A.  A.  E.  are 
on  the  Association's  Service  Roll. 

The  Directory  is  bound  in  cloth,  is  6.x9  in.  in  size 
and  contains  192  pages.     It  .sells  for  $2. 


Dragging  Tractor  from  Mud  Hole 

A  bull  wheel  tractor  stuck  in  a  mud  hole  from 
which  it  could  not  extricate  itself  with  its  own  power 
was  pulled  out  in  the  following  manner:  Brush  was 
placed  in  front  of  the  bull  wheels  to  form  a  hold  for 
the  strakes.  The  cylinder  cocks  of  the  engine  were 
opened,  and  the  clutch  thrown  in.  A  stout  rope  about 
100  ft.  long  was  then  wound  around  the  power  wheel 
and  one  end  hitched  to  a  team  of  horses.  The  horses 
unwound  the  rope,  their  pulling  power  being  applied 
through  the  driving  gears.  It  was  neces.sary  to  re- 
peat the  operation  several  times  before  the  tractor 
was  clear  of  the  hole. 


China  Borrows  $20,000,000  for  Railway  Con.struc- 
tion.  .An  aK'rffiiicnl  for  a  loan  of  $20.()0{),()()0  for  con- 
struction of  the  Kirin-Huining  Ky.  has  been  signed 
by  the  Chinese  Minister  of  Communications,  and  rep- 
resentatives of  .Japanese  banks.  The  proposed  rail- 
•way  will  extend  from  Kirin  to  Huining.  in  Korea,  a 
distance  of  about  277  miles. 


The  Part  Pl-aycd  by  Enj^intcrs  in 
the  War' 

By  MAJOR  JAMES  E.  CASSIUY, 

V>\»1    KiiKlnotT»,    >'«m|)    l>«'V«.|iB.    Ayi-r.    Ma*i 

The  corps  of  engineers  in  this  country  at  the  out- 
break of  the  war  consisted  of  200  ollicers  and  2,100 
enlisted  men.  Our  organization  today  consists  of  252 
regiments  and  about  108,000  men  and  7,000  officers. 
For  14  months  that  is  not  bad,  and  our  proportion  is 
increasing  all  along.  In  the  time  at  my  disposal  I  can 
merely  mention  the  different  activities  in  our  Army 
that  have  been  turned  over  to  the  engineers. 

For  instance,  we  have  the  work  of  mining  and  sap- 
ping; the  various  classes  of  bridge  work — pontoon 
and  other  classes  used  in  the  field;  and  the  mining 
of  deep  gallery  shelters,  a  very  important  feature  on 
the  fighting  fronts  of  today  in  the  war  of  positions. 
For  several  miles  from  the  front  lines  all  the  soldiers 
live  in  deep  gallery  shelters.  With  the  modern  high- 
angle  artillery  fire  one  is  not  perfectly  safe  in  a  deep 
gallery  shelter  unless  he  has  from  25  to  30  ft.  of  roof 
over  his  head.  Major  Rosseau  of  the  French  engineers, 
in  commenting  on  that  point,  stated  that  often  a  mis- 
take was  made  in  constructing  a  machine-gun  shelter 
with  only  4  or  5  ft.  of  earth  overhead,  and  said  that 
a  piece  of  sheet  iron  would  serve  equally  as  well,  be- 
cause neither  would  turn  even  the  smallest  shells. 

The  work  of  demolition  and  the  defense  against  the 
poisonous  gas  used  by  the  Germans  has  been  turned 
over  to  our  engineer  service.  Then  we  have  the 
searchlight  service  and  camouflage  paint  service.  We 
have  not  progressed  so  very  far  in  tanks  yet,  but  have 
a  tank  corps  organized  and  tanks  under  construction 
or  under  contract.  We  have  a  railway  transportation 
regiment  which  has  been  turned  into  a  corps,  and  the 
gas  and  flame  offensive  service.  Then  we  have  the 
map  section  of  the  engineers  and  quarry  regiments 
to  quarry  and  crush  stone  for  road  work.  One  of  the 
primary  things  of  the  war  today  is  getting  up  supplies; 
and  the  building  of  railroads  and  ordinary  highways 
has  involved  figures  that  are  staggering  to  the  ordi- 
nary individual.  Then  there  are  tunnel  companies  for 
various  kinds  of  tunnel  work,  mostly  back  in  the  zone 
of  the  interior. 

Cantonment  Construction  Abroad. — With  reference 
to  cantonment  construction  abroad,  I  would  say  that 
most  of  our  troops  are  billeted  in  France.  For  in- 
stance, a  certain  village  will  have  every  house  and 
every  barn  marked  with  the  number  of  men  it  will 
accommodate  and  the  town  major  has  a  complete 
list  of  every  house,  knows  exactly  where  he  can  have 
his  head(iuarters  and  knows  how  many  a  certain  build- 
ing will  shelter.  I  believe  the  usual  basis  of  figuring 
that  billeting  is  about  seven  soldiers  to  one  civilian 
inhabitant.  In  our  training  areas  back  behind  the 
linos,  however,  we  build  cantonments  differently  from 
what  we  do  in  this  country.  Here  we  have  simply  let 
contracts  for  the  erection  of  buildings;  for  use  abroad 
we  have  furnished  portable,  or  rather,  section  houses. 
The  original  design  was  for  houses  20  ft.  wide  and 
237  ft.  long.  The  doors  were  put  on  a  panel,  the  win- 
dows were  put  in  and  the  roof  was  in  sections.  The 
only  thing  not  built  up  here  was  the  floors.  The  work 
was  parceled  out  to  15  mills  and  enough  of  these  build- 
ings were  completed  in  60  days  to  house  500.000 
troops. 

Water  Supply.  Road  and  Railway  Regiment.**.  The 
large  army  of  today  not  only  needs  plenty  of  food  sup- 
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plies  and  ammunition,  but  it  needs  water  as  well.  So 
we  find  the  Germans  poisoning  wells  and  dropping 
in  bodies  of  animals  and  men  or  anything  to  destroy 
the  value  of  the  water  for  immediate  use,  making  it 
necessary  for  the  engineers  to  plan  for  a  water  sup- 
ply to  follow  the  armies,  run  pipe  lines,  dig  wells,  and 
take  steps  for  purifying  water.  Then  we  have  our 
general  construction  units  which  do  all  sorts  of  gen- 
eral construction  work  back  in  the  zone  of  the  interior. 
We  have  the  general  repair  shops  and  supplies.  We 
have  railway-construction  regiments.  There  is  one 
particular  regiment — the  23d  Engineers — that  is  or- 
ganized for  highway  work  and  will  ultimately  have 
under  its  direction  an  immense  force  of  German  pris- 
oners. In  the  32d  there  are  men  serving  as  privates 
who  have  had  10  or  15  years'  engineering  experience, 
consulting  engineers,  some  of  them.  You  will  find 
there  almost  every  class. 

Our  railway  engineering  corps  is  very  elaborate. 
We  have  the  standard-gage  construction  and  operation 
men.  We  have  the  60-cm.  units  and  the  40-cm.  The 
40-cm.  are  light  railways  that  are  built  up  in  the 
trench  lines,  leading  up  to  the  front  lines,  and  the  60- 
cm.  are  back  of  them.  The  40-cm.  lines  are  entirely 
for  small  cars  moved  by  hand.  The  60-cm.  cars  are 
partly  horse-drawn  and  partly  drawn  by  small  loco- 
motives, either  gas  or  steam.  We  have  sent  over  a 
great  number  of  cars  and  engines.  Our  equipment 
in  this  country  is  very  much  heavier  than  the  standard 
equipment  in  Europe,  and  where  we  can  use  our  en- 
gines and  cars  without  going  through  tunnels,  we  send 
our  equipment.  Then  to  keep  up  this  railway  work  we 
have  our  railway  shop  regiments,  of  which  there  are 
quite  a  number.  Then  of  course  we  have  field  fortifi- 
cation and  fortification  in  general,  and  recently  aerial 
photography  has  been  turned  over  to  the  engineers. 
It  seems  that  when  they  run  into  anything  that  no- 
body else  wants  particularly  they  immediately  put  it 
on  the  engineers! 

Taking  Messines  Ridge  by  Engineers. — Any  one  of 

these  different  items  is  a  story  within  itself.  In  re- 
gard to  some  of  them  I  probably  could  spend  an  hour 
talking  on  one  particular  feature,  but  I  want  to  men- 
tion a  few  things  that  have  come  under  the  scope 
of  the  engineers,  for  instance,  in  taking  Messines 
Ridge.  For  14  months  before  this  attack  was  made 
the  British  were  busily  engaged  tunneling  this  hill, 
running  mine  galleries.  There  were  24  of  these  mine 
galleries  and  their  average  length  was  over  two  miles. 
These  galleries  were  about  4  ft.  by  6  ft.  and  as  the 
earth  had  to  be  carried  out  and  disposed  of  so  that 
the  Germans  would  not  know  any  more  about  what 
was  being  done  than  possible,  it  was  quite  a  tedious 
task.  The  Germans  knew  that  the  British  were  min- 
ing this  hill,  although  they  could  not  tell  where.  Ow- 
ing to  the  geological  conditions  of  this  particular  ter- 
rain there  was  a  stratum  of  clay  above  the  British 
tunnels  acting  as  a  muffler,  and  while  the  Germans 
could  tell  by  the  sounds  that  there  was  mining  going 
on,  they  were  not  successful  in  doing  any  countennin- 
ing.  The  idea  is  that  when  any  one  is  running  a  mine 
gallery  up  to  your  trenches,  you  should  countermine 
and  blow  him  out  with  what  is  knovni  as  a  counter- 
flame;  that  is,  a  small  shaft  that  runs  into  his  mine. 
The  British  played  a  little  joke  on  the  Germans.  The 
Germans  were  holding  Messines  Ridge  as  lightly  as 
possible,  knowing  that  tunneling  was  going  on,  but 
not  being  able  to  locate  the  mine  galleries.  These 
mine  galleries  were  eventually  finished  and  branched 
out  in  different  directions  under  the  German  lines, 
and  a  1,000,000  lb.  of  aminol  was  placed  in  them.    This 


aminol,  which  is  very  much  of  the  same  nature  as  our 
TNT,  was  put  into  rubber  bags  and  these  bags  were 
placed  about  four  months  before  they  were  detonated. 
The  British  played  their  little  trick  by  placing  their 
mines  and  then  waiting  for  an  opportune  time,  because 
the  Germans,  after  the  British  stopped  digging,  got 
over  their  scare.  It  is  rather  trying  on  the  nerves  to 
know  that  some  one  is  mining  under  you  and  you  are 
unable  to  find  him — it  shakes  the  morale  of  the  best 
troops.  So  there  was  a  period  of  about  four  months 
that  they  waited  after  the  mines  were  laid  and  the 
Germans  had  gotten  over  their  nervousness  and  Mes- 
sines Ridge  was  held  very  strongly.  Then  one  morn- 
ing, at  exactly  4  o'clock — and  I  might  say  in  this  con- 
nection that  very  great  care  is  always  taken  in  any 
sort  of  movement  to  see  that  all  watches  are  abso- 
lutely synchronous;  every  watch  must  be  exactly  with 
the  others,  there  must  not  be  30  seconds'  difference — 
the  1,000,000  lbs.  of  aminol  was  exploded  and  every 
gun  on  the  British  side  started  firing.  The  whole  top 
of  Messines  Ridge  was  practically  blown  off,  and  the 
country  seemed  to  rock  for  about  10  minutes.  The 
British  troops  moved  forward  without  very  many  cas- 
ualties. The  Germans  were  simply  stunned  by  the 
artillery  fire  and  the  explosion  of  those  mines.  Fol- 
lowing the  explosion  of  the  mines  a  novelty  was  intro- 
duced in  the  way  of  machine-gun  barrage,  the  Royal 
Engineers  having  placed  machine  guns  about  1,800  yd. 
behind  the  British  positions. 

The  Italians  performed  a  similar  feat  in  the  Col  di 
Luna  in  the  Dolomite  Alps.  Those  peaks  are  very 
jagged  and  the  Austrians  held  a  post  on  a  small  peak 
that  the  Italians  could  not  get  at.  On  January  16, 
1916,  they  had  prepared  to  go  after  this  peak  and  they 
moved  in  compressed-air  and  other  necessary  ma- 
chinery under  the  shelter  of  a  ledge,  some  4000  ft. 
below  the  Austrians  who  were  up  on  the  top  of  this 
peak.  They  started  their  tunnel,  ran  it  up  at  an  angle 
of  45'  for  about  4000  ft.  to  get  under  the  Austrian 
position  and  spread  out  in  a  sort  of  fan  shape  and 
placed  95  tons  of  aminol  under  this  position.  On 
July  16  they  exploded  the  charge  and  there  was  noth- 
ing left  of  the  Austrian  position,  not  even  the  top  of 
the  peak.  The  whole  top  of  the  mountain  was  re- 
moved. 


Course  of  Study  for   Students  Training 
Corps 

The  course  of  study  for  student-soldiers  of  the  Stu- 
dents' Army  Training  Corps  now  being  organized  in 
the  colleges  of  the  country  as  an  active  branch  of  the 
Army,  is  announced  as  follows  by  the  Committee  ov 
Education  and  Special  Training  of  the  War  Depart 
ment:  In  the  curriculum  of  the  Students'  Armj 
Training  Corps,  the  average  number  of  hours  each 
week  will  be  as  follows:  Subjects  including  practical 
and  theoretical  military  instruction  and  physical 
training,  11  hours  a  week;  allied  subjects  including 
lectures,  recitations,  laboratory  instruction  and  the 
preparation  needed  for  such  work,  42  hours  a  week. 
These  hours  are  set  forth  with  reference  to  the  nor- 
mal course  period.  In  the  case  of  students  who  have 
had  at  least  one  year  at  an  approved  institution,  dur- 
ing which  they  have  specialized  in  studies  which 
form  part  of  the  preparation  program  for  Chemical 
Warfare,  Medical  Corps,  Engineer  Corps,  the  Ord- 
nance Corps  or  other  technical  branches  of  the  serv- 
ice, the  Committee  on  Education  may  authorize  a  re- 
duction in  the  hours  of  military  training  to  not  less 
than  six  hours  a  week.    This  is  only  in  the  event  that 
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additional  number  of  hours  be  tfiven  to  the  study  of 
technical  subjects.  Ordinarily  the  allied  subjects  se- 
lected for  the  Students'  Army  Training  Corps  will  be 
English,  French,  (Jerman,  mathematics,  physics,  psy- 
chology, chemistry,  biolog\ ,  geology,  geography,  to- 
pography and  map-making,  meterology,  astronomy, 
hygiene,  sanitation,  descriptive  geometry,  law,  mili- 
tary law  and  governnient.  Permission  may  be  given 
for  the  recognition  of  (me  other  subject  provided  that 
It  requires  not  more  than  three  hours  a  week  in  lec- 
tures and  recitations.  The  presidents  of  the  colleges 
which  have  been  authorized  as  units  of  the  S.  A.  T. 
C.  have  been  adived  that  the  Collegiate  Section  is  con- 
fined to  students  graduated  from  standard  four-year, 
secondary  schools  or  students  having  the  equivalent  of 
such  educational  qualifications. 


Drag  Line  Excavator  and  liack   Filler   Has 
Many  Lses 

A  small  portable  drag  line  machine  of  wide  adap- 
tability has  been  placed  on  the  market  recently  by 
the    Pawling  &    Harnischfeger   Co.,    Milwaukee,   Wis. 


Engineering  Position  Now  Open 

Transitnien,  roilmen,  structural  and  mechanical 
draftsmen  are  wanted  for  the  civilian  personnel  of 
the  War  Department.  Among  the  other  engineering 
positions  now  open,  listed  by  the  Division  of  Engi- 
neering of  the  U.  S.  Employment  Service  are  the 
following:  Twenty-nine  draftsmen  for  work  with  a 
railroad  company  in  Illinois.  Five  young  mechanical 
engineers,  graduates  in  a  course  in  mechanical  engi- 
neering of  the  U.  S.  Employment  Service  are  the 
engineer  in  charge  of  levee  building  in  Louisiana. 
iCivilJiin  jjosition  with  the  army.)  One  draftsman 
fxperieiiced  for  detailing  and  checking  steel  build- 
ings and  bridges  in  Nebraska.  Draftsmen  who  are 
able  to  prepare  drawings  from  civil  engineers'  note- 
books. Civilian  service  in  militar>'  work — men  of 
draft  age  may  be  inducted  into  this  service.  If  they 
show  promise  they  will  be  given  opportunity  to 
go  through  the  Ordnance  School  to  qualify  for  com- 
mission. One  mechanical  engineer  to  act  as  assistant 
on  river  and  harbor  work.    JIust  be  graduate  in  me- 
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Bucket    on    JO    Ft      Boom. 


The  machine  can  be  used  for  backfilling  after  the 
largest  size  of  trench  excavators,  for  general  drag 
line  work  and  for  handling  screenings,  crushed  rock, 
etc.  It  also  can  be  used  as  a  portable  locomotive 
crane.  In  the  latter  capacity  it  can  lift  3,500  lb.  at 
30  ft.  radius,  and  can  be  used  for  unloading  materials 
from  cars,  placing  pipe  in  trenches,  pulling  piles,  etc. 
This  backfiller  and  dragline  excavator  is  regularly 
equipped  with  a  -lO-ft.  boom  and  6-ft.  wide  self-acting 
backfilling  scraper.  Boom  extensions  for  increasing 
the  length  of  boom  up  to  a  total  of  50  ft.  can  be  fur- 
nished at  additional  cost  for  backfilling  only,  if  re- 
quired. The  standard  machine  with  30-ft.  boom  will 
also  handle  either  a  'j-yd.  drag  scraper  bucket,  or  a 
'•j-yd.  clam  shell  bucket.  These  parts  with  their  at- 
tachments are  furnished  at  additional  cost.  The  ma- 
chine weighs  13  tons  and  has  a  traction  speed  of  0.85 
mile  per  hour.  It  is  driven  by  a  -l-cylindcr  vertical 
30-HP.  motor  of  the  internal  combustion  type.  The 
corduroy  bearing  surface  is  18  in.  by  5  ft.  C  in. 


chanical  engineering  and  be  familiar  with  testing 
boilers,  machinery  and  furnaces.  Location  in  South- 
ern states.    Salary,  $250  and  subsistence. 

For  detailed  information  and  registration  blanks 
application  should  bo  made  at  once  to  A.  H.  Krom. 
Director  of  Engineering,  29  S.  La  Salle  St.,  Chicago. 
The  Division  of  Engineering  is  in  direct  touch  with 
all  important  military,  governmental  and  industrial 
activities  relating  to  technical  affairs.  The  Division 
gives  its  services  free  of  charge  to  all  engineers,  em- 
ployers and  technical  men  who  register. 


Wafer  Power  Rill  Pntii«od  by  House. — The  House  of 
Reprt'.-i«-ntatives  on  Sept.  5  passed  the  Sims  water 
power  bill,  providing  for  the  granting  of  licenses  to 
private  companies  for  the  development  of  power  from 
navigable  rivers  in  public  lands.  A  similar  bill  has 
been  passed  by  the  Senate  and  the  two  bills  will  now 
be  considered  in  conference. 
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News  Letter 
St.  Louis  Items. 

about    through    there. 


la.. 


Wants   an- 


for    the   Wahash    R.    R. 
1-1-team   outfit,   tractor 


B.  P.   Brooks,    Clio, 
other    grading   Job. 

Wm.   Dankliff  is  grading  a  small   Job 
near  Mt.   Olive,  111. 

.lansen   &   Schaefer,   Pekin,   III.,   have   ; 
and   elevating  grader   idle. 

Keating  Bros,  are  reducing  grade  on  the  Chicago  &  Illinois 
Midland  R.  R.  at  Auburn,  111. 

P.  J.  Murphy  has  moved  one  of  his  team  outfits  to  a  new  Job 
on  the  Wabash  R.  R.  at  Dalton,  Mo. 

Cameron,  Joyce  &  Co.  were  awarded  some  team  work  by  the 
Rock  Island  R.   R.   near  Trenton,   Mo. 

Tom  Campbell  has  taken  90,000  yds.  of  work  on  the  Santa  Fe 
K.  R.  at  Chilocco,  Okla.,  from  L,.  E.  Dollman. 

Lightning  killed  a  skinner  and  a  mule  of  the  J.  W.  McMurray 
contracting  job  at  Camp  Funston.   Kan.,   the  other  day. 

A.  A.  Luck  has  his  outfit  at  work  at  Harrisburg,  Ark.  Says 
he  has  a  nice  Job  there  and  enough   to   hold  him  tor  some   time. 

Cook- O'Brien  Const.  Co.  were  awarded  the  second  track  work 
between  Winfleld  and  Arkansas  City,  Kan.,  by  the  Santa 
Fe   R.    R. 

.1.  C.  Kaiser  expects  to  finish  his  levee  work  at  McClure,  111., 
in  a  few  days.  Will  have  a  cracker  Jack  machine  and  grading 
outfit  idle. 

J.  C.  Parquette.  20G  E.  Walnut  St.,  Des  Moines,  la.,  writes 
n.s  that  he  is  in  the  market  for  a  grading  Job  that  will  fit  a 
20-team    outfit. 

F.  E.  Gray  is  moving  his  outfit  on  to  some  bank  widening 
work  on  the  Rock  Island  R.  R.  near  Leighton,  la.  Gray  subbed 
this  Job  from  A.   L.  Cook. 

Contractors  when  in  want  of  labor  or  work  for  their  outfits 
write  Koenig's  Labor  Agency,  612  Walnut  St.,  St.  Louis,  Mo.,  or 
.'iOS  Delaware  St..   Kansas  City,   Mo. 

C.  S.  Jones,  the  boss  stationman,  has  taken  50  miles  of  bank 
widening  on  the  Katy  R.  R.  between  Denison  and  Greenville, 
Tex.,  from  the  A.  L.  Cook  Const.  Co. 

On  account  of  being  in  the  draft,  Jas.  B.  Swift,  SOO  S. 
Spring  .'Vve.,  is  going  to  sell  his  grading  outfit,  consisting  of  10 
teams,   wheelers,   machine  and   dump  wagons. 

Harrington  Bros,  secured  the  contract  for  grading  a  spur  and 
yards  for  the  Old  Ben  Coal  Co.  at  West  Frankfort.  111.  They 
have  about  20,000  yd.  of  nice  team  work  to  sublet  on  this  Job. 

F.  D.  Sullivan,  of  the  Walsh  Construction  Co..  passed  through 
St.  Louis  the  other  day  on  his  way  to  La  Rue,  O.,  where  they 
have  quite  a  Job  of  double  tracking  for  the  Big  Four  R.   R.  Co. 

The  Eby  Const.  Co.  have  resuined  work  on  the  Katy  yards 
at  .\ppleton  City,  Mo.  This  work  was  shut  down  some  time 
ago  by  the  company  after  being  taken  over  by   the  Government. 

Thos.  L.  Rosser,  Jr.,  has  one  of  his  outfits  at  woi'k  on  force 
account  on  the  Illinois  Central  R.  R.  near  Dawson  Springs,  Ky. 
Also  has  another  shovel  outfit  on  the  Rock  Island  R.  R.  near 
Trenton.  Mo. 

R.  T.  Amis  is  moving  a  part  of  his  team  outfit  from  Allerton, 
la.,  onto  a  new  Job  that  he  subbed  from  Cook-O'Brien  Const. 
Co.  on  the  Santa  Fe  R.  R.  near  Augusta,  Kan.  Amis  also  has 
an  outfit  at  work  at  Winfleld,  Kan.,  on  the  same  road. 

Clark  &  Jackson  have  about  finished  their  rock  work  on  the 
Katy  R.  R.  at  Augusta,  Mo.,  and  moved  a  steam  shovel  to 
Omaha,  where  they  secured  a  contract  from  Condon  Bros,  to 
load  100,000  yd.  of  dirt  for  the  new  vards  the  Union  Pacific 
is   building  at   Council  Bluffs,   la. 

No  St.  Louis  items  last  month  on  account  of  the  writer  being 
laid  up  for  five  weeks  with  malaria  that  he  contracted  on  his 
last  fishing  trip  down  in  Arkansas  in  the  early  part  of  July. 
With  the  exception  of  a  loss  of  about  30  lb.  in  weight  he  is 
as  good  as  ever  again  and  is  including  some  of  the  most  in- 
teresting August  items  in   this   issue. 

Mulvill  Bros.,  Carlinville.  111.,  have  6,000  yd.  of  work  on  the 
reservoir  at  Blackburn,  Mo.,  to  sublet.  This  work  is  suitable 
for  tresnos  or  can  be  done  with  an  elevating  grader  and  wagons. 
It  is  mostly  all  side  borrow  and  consists  of  making  a  levee 
embankment  and  county  highway.  In  addition  to  this  Mulvill 
Bros,  have  several  grading  Jobs  .'suitable  for  small  outfits  to 
sublet. 

The  Austin  Company,  of  Cleveland.  O.,  started  work  on  one 
of  the  big  Government  ammunition  plants  to  be  built  by  the 
Laclede  Gas  Light  Co.  in  the  southern  part  of  the  city.  The 
largest  of  these  buildings  will  be  a  thousand  feet  long  and  300  ft. 
wide.  In  this  building  shell  forgings  or  slugs  will  be  finished 
into  the  completed  .shell.  All  of  the  buildings  will  be  of  steel 
construction  and  when  completed  will  be  one  of  the  largest  am- 
munition factories  in  the  United  States. 

Baxter  L.  Brown  received  a  letter  from  his  son.  Lieutenant 
Lee  M.  Brown,  that  he  was  severely  wounded  on  July  ISth.  A 
later  letter,  however,  gives  a  reassuring  account  of  his  condition. 
Lieutenant  Brown  writes  that  his  good  right  arm  stopped  a 
German  machine  gun  bullet.  The  bullet  went  in  at  the  shoulder 
and  came  out  Just  above  the  elbow.  Says  he  is  feeling  fine  with 
the  exception  of  his  arm,  and  is  being  treated  wonderfully  by  the 
French  nurses,  who  are  doing  everything  they  can  for  the  com- 
fort   of   w-ounded    Americans. 

MaJ.  John  R.  Fordyce,  of  the  Army  Engineer  Corps,  a  St. 
Louisian,  who  supervised  the  construction  of  the  new  ware- 
houses at  the  Arsenal  in  St.  Louis  and  the  building  of  the  army 
cantonment  at  Camp  Pike,  Ark.,  has  been  assigned  as  advisory 
engineer  for  the  construction  of  the  terminals  for  the  new  barge 
line  between  St.  Louis  and  New  Orleans.  He  has  opened  offices 
in  the  Third  National  Bank  Building,  and  immediately  will  take 
up  the  terminal  situation  with  city  officials  with  a  view  to  com- 
pleting dock  facilities  for  early  river  traffic.  It  is  expected  boats 
will  be  in  operation  this  month.  Director-General  McA.loo  has 
approved  the  purchase  of  two  tow  boats  and  nine  steel  barges 
from  the  Kansas  City  River  Navigation  Co.  for  use  on  the  lower 
Mississippi,  and  the  purchase  of  warehouse  properties  in  East 
St.    Louis   from   the   same   company. 

A  Government  order  prohibiting  the  sale  of  cement  to  con- 
sumers except  under  pledges  that  the  material  will  not  be  used 
for  purposes  not  included  in  the  essential  list  of  war  work 
will  hamper  the  completion  of  several  street  improvements  in 
St.  Louis,  President  Kinsey  of  the  Board  of  Public  Service  said. 
Kinsey  wired  to  the  officials  at  Washington  asking  permission  to 
purchase  cement  to  complete  the  street  paving  now   under  con- 


tract and  almost  finished.  Kinsey  said  the  service  Board  will 
halt  all  proposed  street  and  alley  improvements  and  construc- 
tion of  sidewalks  until  a  definite  ruling  is  made  specifying  what 
municipal  work  is  essential.  About  12  contracts  for  street  and 
alley  improvements  now  are  under  way.  he  asserted,  and  could 
be  completed  in  period  ranging  fro.Ti  four  days  to  two  weeks. 
Director  of  Streets  and  Sewers  Talbert  said  that  in  his  opinion 
the  repair  of  streets  and  alleys  should  be  classed  as  essential,  and 
that  unless  such  a  ruling  is  made  many  of  the  St.  Louis  streets 
v.'ill  deteriorate  from  constant  use  and  will  lie  almost  impassable 
for  vehicles. 

A.    B.    KOENIG. 


Personals 

W.  H.  Kirkbride  has  been  aitpointed  chief  engineer  of  the 
Southern   Pacific — Pacific  System  Lines   south   of  Ashland. 

T.  J.  Wyche  has  been  appointed  chief  engineer  of  the  Western 
Pacific  R.  R.,  Tidewater  Southern  R.  R.  and  the  Deep  Creek 
R.    R. 


C.  N.  Brainbridge  has  b^^en  : 
charge  of  bridge  inspection  and  I 
Milwaukee  &   St.   Paul  Ry.,  vicf   . 
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assistant    engineer    in 
■tion  for  the  Chicago, 
Moloy,   deceased, 
with    the    engineering 
for  a  number  of  years 


at  Springfield,  has  been  appointed  engineer  in  charge  of  the 
field  valuation  of  the  same  road,  with  offices  at  Bloomington,  111. 

Charles  A.  Morse,  formerly  chief  engineer  of  the  Rock  Island, 
and  now  president  of  the  American  Railway  Engineering  Asso- 
ciation, has  been  appointed  assistant  director  of  the  Railway 
Administration's  division  of  operations,  in  charge  of  engineering 
and  maintenance. 

Following  engineering  appointments  have  been  made  by  Fed- 
eral authorities  for  Union  Pacific  R.  R.  properties:  R.  L.  Huntley, 
chief  engineer,  Omaha,  Neb.:  Carl  Stradley,  assistant  chief  en- 
gineer. Salt  Lake  City, 'Utah:  W.  R.  Armstrong,  engineer  main- 
tenance of  way,   Omaha. 

H.  S.  Noble  of  Buffalo,  N.  Y.,  vice-president  of  the  Great 
Lakes   Transit   Corporation,    has   been  appointed    federal   manag 
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by    the    ra 

who  becomes  director 
J.  B.  Mvers.  form 
Ohio  R.  R..  has  b.  . 
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T.aitimore    & 

main- 


new  division  of  inkim 
'li\'ision  engineer  "f  il 
[t'linted  chief  engineer 
-li. ny  district  under  the  United  States 
:  111  Stimson,  who  was  chief  engineer 
II h  headquarters  in  Baltimore,  is  now 
general  superintendent  of  bridges  and  buildings  for  the  Allegheny 
region. 

Guy  E.  Tripp,  formerly  colonel  United  States  Army  and  head 
of  Production  Division,  has  been  made  brigadier  general  United 
States  Army,  and  placed  in  offices  having  charge  of  the  produc- 
tion of  ordnance  material  in  their  respective  sections  of  the 
country.  The  district  chiefs  will  report  direct  to  General  Tripp, 
who  IS  succeeded  as  head  of  the  Production  Division  by  Colonel 
C.  C.  Jamiescn.  Previous  to  his  connection  with  the  ordnance 
department.  General  Tripp  was  chairman  of  the  board  of  di- 
rectors. Westinghouse  Electric  &  Manufacturing  Co.,  with  head- 
quarters in  New  York. 

Mr.  Louis  J.  Horowitz,  formerly  president  of  the  Thompson- 
Starrett  Construction  Co.,  New  York,  has  been  appointed  as 
special  assistant  to  the  chief  of  ordnance  in  charge  of  tanks. 
In  this  capacity,  Sir.  Horowitz  will  have  authority  to  decide  all 
questions  pertaining  to  the  engineering  and  manufacturing  and 
inspection  of  tanks.  Brigadier  General  John  T.  Thompson.  U.  S. 
A  .  retired,  in  addition  to  his  duties  as  director  of  Arsenals  and 
Advisory  Engineer,  has  been  made  director  of  ordnance  training. 
Captain  .S.  K.  Blunt,  LT.  S.  A.,  has  been  appointed  employment 
supervisor  and  will  work  in  conjunction  with  the  commanding 
officers  of  the  several  arsenals  and  other  ordnance  establishments 
to  secure  the  necessary  personnel  for  their  efficient  operation. 

Captain  J.  J.  Gaillard.  is  now  District  Engineer  in  charge  of 
the  Atlanta,   Ga.,  office  of  the  Portland  Cement  Association,   suc- 


ceeding W.  Jess  Bi 
captain  in  the  <  in 
Gaillard  loined  tin 
Jan.  1,  191S,  and  sir 
tion  and  inspection 
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n.  will  I  resigned  to  accept  a  commission  as 
h  •■  1  iiiiartment,  U.  S.  Army.  Captain 
III  IS  III  the  Portland  Cement  Association 
■  Ilia  I  time  has  been  doin.g  general  promo- 
ork  in  the  district  covered  by  the  Atlanta 
tion.     Captain   Gaillard    is   a  graduate   of   the 


North  Georsia  iVgricultural  College,  having  the  degrees 
and  C.  E.  Previous  to  joining  the  staff  of  the  Portland  Cement 
Association,  he  was,  from  1912  to  1917.  ('it>'  lOn^ineer  of  Macon, 
Ga.  Under  Captain  Gaillard's  develiiiinifiit  of  concrete  street 
pavements  at  Macon,  the  practice  of  tinisliini;  concrete  with  the 
paving  roller  was  inaugurated  and  thi.s  I'as  since  become  stand- 
ard practice. 


Trade  Publications 


The  Universal  Road  Machinery  Co.,  Kingston,  N.  Y.,  has 
issued  two  circulars,  one  devoted  to  the  Reliance  fine  crusher, 
and  tile  other  to  stone  and  ore  crushers,  elevators  and  screens. 
The  first  mentioned  circular  contains  useful  suggestions  on  the 
application  of   the   crusher  to   various   classes   of   work. 

A  pocket  text  book  called  the  F;ia.<iteis'  Handbook  has  Just 
been  issued  by  E.  I.  du  Pont  d.-  Xiinnins  &  Co..  of  Wilmington, 
Del.,  which  tells  how  to  use  cnpIiihims  mr  every  purpose  where 
their    employment    is    practicalili-.      Tin     Imok    gives    valuable 
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the  metliod  of  loading  ai 

contains    charts    and    dia; 

addition     to    any    technii'al     liiraix 

haustive    detail    in    many    i  as.  s.     Imt 

books,    published   by   the    Du    F'ont    Co 

Explosives,    Sections    1    and   2,    which 


to  use.  the  quantity, 
is  profusely  illustrated  and 
iiake  this  work  a  valuable 
It  does  not  go  into  ex- 
cites references  to  other 
These  books  are:  Higli 
ives  detailed  information 
"high  and  low  explosives.  Blasting  Supplies,  which  covers 
fuUy  the  subject  of  blasting  supplies  and  their  uses.  Blasting 
Powder,  which  describes  the  uses  of  blasting  powder.  Road 
Building  and  Maintenance,  a  treatise  on  road  building.  Shale 
and  Clay  blasting,  on  mining  clays.  Pole  and  Post  Holes,  on 
digging  them.  Handbook  of  Explosives,  on  a  variety  of  uses, 
especially  in  drainage  and  land  clearing.  Any  of  these  can  be 
had  free  of  cost,  by  those  interested  in  blasting,  by  addressing  a 
card  to  the  Du  Point  Co.  ' 
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Why  Does  the  Government  Give 

Scant  Recognition  to  the 

Structural  Merits 

of  Lumber? 

In  a  recent  new.spaper  article  it  was  stated  that  one 
of  the  American  terminal.s  in  France  ha.s  180  ware- 
hou.se.s  capable  nf  hou.sinK  a  million  tons  of  goods  and 
machinery.  Almost  half  of  these  buildings  are  of 
steel.  If  these  steel  buildings  were  ordered  prior  to 
the  time  that  it  was  realized  there  would  be  a  short- 
age of  steel  no  criticism  should  be  made  e.xcept  as  to 
governmental  failure  to  forecast  the  demand  for  steel. 
But  if,  as  we  think  more  probable,  this  immense  ton- 
nage of  steel  was  ordered  far  these  warehouses  sub- 
sequent to  the  initial  shortage  in  steel,  the  act  is  open 
to  the  severe.st  criticism. 

That  our  steel  output  is  not  susceptible  of  very 
rapid  increment  is  well  known.  It  should  be  equally 
well  known  that  our  output  of  lumber  can  be  in- 
creased enormously  in  a  comparatively  short  time. 
For  example,  when  the  Spruce  Production  Division  of 
the  U.  S.  Signal  Corps  began  to  organize  the  spruce 
lumbering  industry  last  November,  there  were  only 
3,000  men  working  in  the  spruce  logging  camps  of 
Washington  and  Oregon,  and  the  output  for  airplane 
use  was  wholly  inadequate.  Nine  months  later  there 
were  10,000  men  fully  equipped  in  those  same  camps, 
and  the  output  had  been  iiuadrupled.  It  is  safe  to  say 
that  a  similar  increase  in  output  can  be  effected  in  the 
same  length  of  time  for  any  kind  of  structural  timber. 
Then  why  does  the  government  continue  to  regard 
steel  as  a  sina  (|ua  non,  a  "this  or  nothing,"  for  so 
many  structural  purposes? 

It  seems  dear  that  one  of  the  main  reasons  is  to  be 
found  in  the  fact  that  most  of  the  structural  engi- 
neers employed  by  the  government  are  Eastern  engi- 
neers who  have  had  little  e.xperience  with  timber 
work.  In  addition,  they  know  almost  nothing  about 
the  timber  resources  of  the  West  and  South.  Finally, 
they  are  so  accu.ntomed  to  designing  with  a  view  to  se- 
curing the  least  cost  over  a  term  of  years  that  it  is 
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difficult  for  them  to  realize  that  they  should  ca.st  that 
criterion  to  the  winds.  Indeed,  they  should  go  farther 
iind  subordinate  ail  costs  of  the  structures  they  are 
designing  to  a  much  more  profound  cost — the  cost  to 
the  public  in  general. 

By  this  last  rather  vague  phrase  we  mean  this:  A 
million  tons  of  steel  may  cost  a  hundred  million  dol- 
lars, but  if  it  is  taken  away  from  industries  that 
would  have  used  it  for  needed  machinery,  cars,  motor 
trucks,  etc.,  the  decreased  efficiency  of  the  workmen 
who  would  have  used  that  machinery,  etc.,  may  cost 
the  country  several  times  a  hundred  million  dollars. 
In  short,  even  supposing  that  lumber  to  replace  the 
steel  were  more  expensive  than  steel — which  would 
rarely  be  the  case — still  it  would  now  be  economic. 
from  the  broad  viewpoint,  to  use  lumber  instead  of 
steel  wherever  practicable. 

It  is  hardly  to  be  expected  that  structural  engineers 
will  take  this  broad  economic  viewpoint  unless  they 
are  instructed  to  do  so  by  some  government  authority. 
Unfortunately  there  appears  to  be  no  such  authority, 
no  individual  or  board  that  is  studying  the  entire 
problem  of  providing  materials  in  such  a  way  as  to 
secure  the  maximum  of  economy  for  the  countrj'  as  a 
whole.  It  is  a  great  engineering  problem,  one  of  ex- 
ceeding complexity.  In  the  proper  solution  of  it,  one 
should  not  confine  his  attention  merely  to  what  the 
maximum  output  of  each  kind  of  material  has  been, 
but  ho  should  estimate  what  it  can  become  in  a  limited 
time  under  pressure. 

The  old  saying  that  "the  future  can  be  judged  only 
by  the  past"  is  true,  but  it  does  not  mean  that  past 
performance  in  any  individual  case  is  the  only  stand- 
ard by  which  to  estimate  future  performance.  Yet, 
again  and  again,  have  those  possessed  of  govern- 
mental authority  erred  through  a  narrow  interpreta- 
tion of  the  old  formula,  "the  future  can  be  judged  only 
by  the  past."  Because  our  lumber  output  has  been  a 
certain  amount  seems  to  such  thinkers  a  sufficient 
reason  for  limiting  the  total  demand  to  that  output. 
Whereas  any  one  well  acquainted  with  the  lumber  in- 
dustry knows  that  the  output  can  be  readily  multi- 
plied  several  folds  if  necessary. 
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We  have  spoken  several  times  before  of  the  nar- 
rowness of  view  of  those  in  charge  of  the  shipbuilding 
program.  The  first  of  this  year  only  15  per  cent  of 
the  8,600,000  tons  of  ships  contracted  for  was  to  con- 
sist of  wooden  vessels.  This  percentage  has  been 
slowly  rising,  but  in  the  face  of  no  slight  opposition 
on  the  part  of  the  authorities.  Sophistical  reasons 
without  number  have  been  used  to  oppose  a  program 
of  extensive  construction  of  wooden  vessels.  First  it 
was  argued  that  timber  of  the  right  sort  and  size 
could  not  be  produced  rapidly  enough.  Next  that 
the  race  of  ship  carpenters  was  extinct.  Then  that 
wooden  ships  exceeding  3.500  tons  could  not  with- 
stand the  storms.  Then  that  vessels  made  of  green 
lumber  would  last  only  two  to  four  years.  And  so  on, 
ad  nauseum. 

In  the  face  of  all  this  opposition,  and  practically 
without  encouragement  by  the  government.  Western 
and  Southern  structural  engineers  and  contractors, 
aided  by  lumber  producers,  have  forced  an  increasing 
recognition  of  the  merits  of  wooden  vessels  in  this 
war  crisis.  They  have  shown  that  5,000-ton 
wooden  vessels  are  practicable,  and  we  doubt  not 
that  they  will  go  farther,  before  the  war  is 
over,  in  designing  large  wooden  ships.  They 
have  proved  that  a  new  race  of  ship  carpenters  could 
be  made  to  order;  moreover,  that  entirely  new  tools 
and  devices  could  be  invented  for  speeding  up  the 
building  of  wooden  ships.  In  short,  they  have  over- 
whelmed every  argument  of  their  opnonents,  who,  sad 
to  say.  were  often  in  the  employ  of  the  government. 

Engineering  and  Contracting  "holds  no  brief"  for 
the  lumber  industry,  nor  for  anv  class  of  civil  engi- 
neers or  builders.  Its  chief  editor,  however,  lived 
several  years  in  the  state  of  Washington  and  there 
learned  to  have  a  A^holesome  respect  not  only  for  the 
structural  merits  of  timber  but  for  the  abilities  of  the 
men  who  produce  it.  for  the  engineers  who  use  it  in 
their  designs,  and  for  the  contractors  who  frame  and 
erect  it.  Lumber  is  susceptible  of  countless  struc- 
tural uses,  and  for  man.y  purposes  is  preferable  to 
steel  even  in  normal  times.  In  abnormal  times  like 
the  present,  the  rapidity  with  which  the  output  of 
lumber  can  be  increased,  and  the  ease  with  which  men 
can  be  trained  to  frame  and  erect  it,  justifv  the  most 
serious  consideration  of  timber  as  a  substitute  for 
steel. 


Should  Criticism  of  Government 

Officials  Be  Held  in  Abeyance 

During  the    War? 

Writers  on  political  economy  have  freauently  de- 
fended bipartisan  government  on  the  ground  that 
the  criticism  of  the  minority  party  tends  to  restrain 
the  majority  from  unwise  acts.  Partisan  criticism, 
in  spite  of  its  usual  objectionable  harshness,  has 
been  very  useful  in  the  past;  but  we  are  now  being  told 
that  it  is  wrong  to  criticise  the  Government  at  all 
during  the  war,  because  to  do  so  is  tantamount  to 
lending  direct  aid  to  the  enemy. 

From  a  recent  daily  newspaper  we  quote  the  fol- 
lowing: 

Charles  M.  Schwab,  director  general  of  the  Emergency  Fleet 
Corporation,  spealtins  before  the  .Vssociaterl  Advertising  Clubs  of 
the  World  at  Berkeley.  Cal.,  paid  a  deserved  tribute  to  news- 
papers when  he  said  that  "one  of  the  contributing  factors  in  the 
rapid  and  successful  building  of  ships  was  the  patriotic  com- 
ment and  criticism  of  the  press." 

It  is  noteworthy  that  Mr,  Schwab  used  the  word  "criticism" 
at  a  time  when  certain  politicians  are  so  anxious  to  suppress  all 
criticism. 


But  there  is  a  difference  between  Mr.  Schwab  and  some  poli- 
ticians. Mr.  Schwab  is  a  builder,  an  industrial  constructionist, 
with  a  genius  for  handling  big  things  in  a  successful  way. 

Yet.  with  all  his  native  ability,  Mr.  Schwab  would  not  be  the 
successful  man  he  is,  throughout  his  life,  had  he  closed  his  ears 
to   constructive   and   helpful    criticism   and    comment. 

Criticism  of  governmental  conduct  of  war  affairs 
has  also  been  objected  to  on  the  ground  that  no  critic 
can  have  all  the  facts  essential  to  sound  judgment. 
Moreover,  it  is  urged  that  some  of  the  brightest  and 
most  successful  business  men  and  engineers  in  Amer- 
ica are  now  in  actual  charge  of  most  important  de- 
partments of  the  Government.  But  this  objection 
is  equivalent  to  affirming  that  these  Government  ad- 
ministrators are  not  only  possessed  of  all  the  facts 
but  have  the  power  to  interpret  them  correctly  in 
every  case.  We  doubt  whether  many  of  our  readers 
will  give  consent  to  any  such  generalization.  So 
able  a  business  man  as  Schwab,  for  example,  may 
have  an  inadequate  conception  both  of  the  possibili- 
ties of  lumber  production  and  of  the  structural  uses 
of  timber.  As  a  specialist  in  steel  it  is  likely  that 
he  does  not  know  a  great  deal,  either,  about  timber 
resources  or  uses. 

There  are  many  civil  engineers  who  know  far  more 
about  railway  construction  and  operation  than  does 
any  railway  president  who  is  not  also  an  engineer. 
Because  such  a  president  has  risen  to  his  high  execu- 
tive position  and  a  salary  of  $50,000,  should  an  en- 
gineer in  a  subordinate  position  at  a  less  salary  keep 
his  mouth  closed  when  a  railway  executive  is  mak- 
ing a  serious  mistake? 

There  is  altogether  too  much  reverence  for  the 
opinions  of  successful  executives  even  in  their  own 
fields  of  action.  In  many  cases  the  main  reason  for 
their  success  is  their  ability  to  select  and  retain  able 
assistants.  Carnegie  repeatedly  gave  that  as  an  ex- 
planation of  his  own  phenomenal  rise  to  wealth  and 
power.  When  a  successful  executive  begins  to  act 
mainly  on  his  own  knowledge,  and  particularly  when 
that  action  is  in  a  realm  new  to  him,  he  is  quite  prone 
to  err.  Indeed  his  very  self-confidence  is  apt  to  lead 
him   into   error. 

A  knowledge  of  all  the  data  of  any  subject  does 
not  reside  in  the  head  of  one  man  or  of  a  small  group 
of  men,  however  eminent  they  may  be.  Even  a  very 
young  and  inexperienced  man  may  have  more  com- 
plete and  accurate  knowledge  of  certain  things  than 
the  oldest  and  most  experienced  expert  in  that  field. 
Witness  Louis  Agassiz  at  the  age  of  27  telling  the 
geologists  of  the  world  that  they  were  all  wrong 
about  the  origin  of  most  of  the  drift  deposits  of 
northern  Europe.  From  a  brief  but  very  careful 
study  of  certain  Swiss  glaciers  he  had  come  to  the 
conclusion  that  many  of  the  drift  deposits  in  Switzer- 
land were  of  glacial  origin,  although  they  were  far 
beyond  the  limits  of  existing  glaciers.  Then  he 
formed  his  epoch  making  generalization  that  a  great 
glacial  ice  sheet,  a  mile  thick  in  places,  had  at  one 
time  come  down  from  both  poles  of  the  earth  for 
thousands  of  miles;  and  that,  during  this  glacial 
period,  vast  changes  had  been  wrought  in  the  earth's 
surface.  Then  witness  the  most  celebrated  geologist 
of  Germany,  von  Buch,  and  the  most  celebrated 
physical  geographer  of  the  world,  von  Humboldt, 
gravely  advising  young  Agassiz  to  stick  to  his  study 
of  fishes  and  leave  to  experts  in  geology  the  study  of 
geology.  For  ten  years,  in  spite  of  accumulating  evi- 
dence, nearly  all  geologists  rejected  Agassiz's  ex- 
planation of  the  existence  of  moraine  deposits  and 
glacial  boulders.     The  eminent  von  Humboldt,  a  truly 
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jfrent  thinker,  never  did  become  a  convert  to  ARaiisiz'ii 
revolutionary  theory. 

The  existence  of  an  enemy  who  may  take  some  con- 
solation from  American  criticism  of  American  con- 
tluct  of  war  atTairs  should  not  be  made  an  argument 
against  such  criticism.  Neither  should  the  eminence 
of  any  man  in  the  employ  of  a  democracy  free  him 
from  fair  criticism  of  his  judgment  or  his  conduct, 
war  or  no  war.  Indeed,  is  not  the  very  e.xistence  of 
war  a  reason  for  more  searching  criticism  than  in 
times  o{  peace? 


Are  We  Not  in  Danijerof  Ruililing 
Too  Many  Ships? 

A  .1, 500-ton  ship  in  II  calendar  days  and  a  12,000- 
ton  ,-hip  in  30  calendar  days,  are  records  of  rapid  con- 
struction never  dreamed  of  before  America  began 
building  ships  on  a  grand  scale.  A  destroyer,  the 
"Ward."  was  launched  in  17..">  days,  and  was  in  com- 
mission 71  days  after  the  keel  was  laid.  Formerly  it 
required  two  years  to  build  and  equip  a  destroyer;  so 
the  "Ward"  was  turned  out  in  one-eighth  the  time 
that  was  considered  necessary  prior  to  the  war. 

I'p  to  the  present  the  launching  of  the  12. 000-ton 
"Invincible"  in  24  working  days,  or  30  calendar  days, 
is  the  most  remarkable  speed  record  ever  made  in 
steel  ship  construction.  The  weight  of  steel  in  this 
vessel  is  appro.ximately  4,000  tons.  Hence  170  tons 
were  placed  every  working  day.  The  construction 
crew  of  1,500  men  worked  day  and  night  e.xcept  Sun- 
days and  2  days  during  a  strike.  About  40,000  rivets 
were  driven  daily  on  this  hull.  The  "Invincible"  was 
built  in  the  Alameda  (C'al.i  yards  of  the  Bethlehem 
Shipbuilding  Corp. 

In  estimating  our  output  of  ships  during  1919  Hur- 
ley has  said  that  our  750  ship  ways  should  each  aver- 
age one  ship  every  4  months;  but  it  has  now  been 
demonstrated  that  it  is  practicable  to  deliver  a  steel 
ship  a  month  from  each  way.  Since  the  ships  will 
average  6.000  tons  each,  it  follows  that  America  could 
produce  54,000,000  tons  of  ships  in  1919  were  every 
yard  to  average  a  ship  a  month  per  way.  This  would 
be  one-fifth  more  than  the  entire  merchant  marine 
tonnage  afloat  in  the  world  at  the  present  time. 

These  estimates,  which  are  based  on  actual  per- 
formance, show  conclusively  how  futile  is  the  attempt 
of  the  Germans  to  win  the  war  by  submarine  attacks. 
In  recent  months  the  submarine  sinkings  have  aver- 
aged less  than  300.000  tons  a  month,  and  the  total  loss 
for  1918  will  be  less  than  4.000.000  tons. 

The  (|uestion  that  now  begins  to  rise  is  whether  we 
are  not  in  danger  of  going  to  a  foolish  extreme  in 
shipbuilding.  When  the  Germans  were  sinking  ves- 
sels at  the  rate  of  8.000.000  tons  a  year,  as  they  were 
for  a  few  weeks  just  prior  to  America's  entry  into  the 
war.  the  allies  became  somewhat  panicy.  It  was  dur- 
ing this  panic  period  that  our  vast  shipbuilding  pro- 
gram was  made.  It  was  then  estimated  that  in  order 
to  he  on  the  safe  side,  America  should  produce  more 
than  10,000.000  tons  of  ships  annually  and  new  ship 
yards  were  begun  to  provide  such  an  output.  But  the 
unexpected  happened  in  two  directions:  F'irst,  the 
means  of  destroying  and  circumventing  submarine.s 
were  so  rapidly  and  greatly  improved  that  losses  from 
submarine  attacks  were  .soon  reduced  50  per  cent. 
Second,  the  estimated  output  of  our  ship  ways  was 
doubled,  and,  in  many  instances,  doubled  again.  The 
fabricated  steel  ships  proved  to  be  an  invention  su.s- 
ceptible  of  much  more  rapid  construction  that  even 


its  originittorH  had  dreamed.  Therefore,  has  the  time 
not  come  for  a  restudy  of  our  shipbuilding  program, 
this  time  in  the  light  of  the  experience  of  the  last 
six  months  and  with  no  panic  upon  us? 

Good  engineering  involves  properly  proportioning 
the  various  elements  of  a  plant.  The  war-making 
plant  consists  of  hundreds  of  elements,  ships  being  one 
of  these  and  a  very  important  one.  But  merely  be- 
cause ships  are  important  forms  no  justification  for 
building  them  in  great  excess  of  probable  require- 
ments. The  army  badly  needs  more  "tanks"  and  air- 
planes; and  doubtless  there  are  scores  of  other  ele- 
ments of  this  huge  war-making  plant  that  are  not 
available  in  sutticient  quantity.  From  the  evidence 
available  it  appears  that  we  are  in  danger  of  overdoing 
shipbuilding,  and,  if  so,  of  underdoing  the  manufac- 
ture of  "tanks"  and  other  necessary  engines  of  war. 


War  and  Science 

In  a  Saturday  Evening  Post  article  by  Floyd  W. 
Parsons,  entitled,  "War  and  Science,"  we  are  told  that 
"war  today  is  75  per  cent  engineering  and  25  per  cent 
military."     The  author  says: 

Wlu-n  tlu-  rnltfil  SlaliH  .sriitjii  ii  iiiUUon  mm  I<>  Frant-e  \rn» 
than  half  of  theMv  xoldliTM  t-an  l>r  iilured  In  thr  front  trvnchri, 
wiilli'  more  thiin  half  niUHi  lie  <U-iiii:nulp<]  for  duttrs  nupportlnc 
and   iiiulnlulninK  these  llriti-llne  unltii. 

An  army  now  inum  xpend  mttrv  ihun  u  month  preparinK  for 
the  IniinrhlnR  of  ii  major  orfeniilve  at  any  point.  If  surcpiiirfut. 
thiB  attack  ran  carry  only  ho  far.  when  the  vlclom  muat  stop 
and  mart  all  over  preparing  for  another  advance.  The»e  pre- 
liminary efTorta  conniHt  alinofit  wholly  of  railway  and  hiKhway 
ronHtructlon  an<l  general  enKlneerlni;  practice.  It  l»  evident, 
therefore,  that  no  army  today  In  the  face  of  a  atronKly  orKan- 
Ized  defenHe  can  HiiMtaln  a  lon^-contlnued  advance.  I'nieiw  pro»- 
eiit  warfare  chaiiKeH,  any  Kreat  movement  forward  Ity  one  aide 
ur  the  other  muiit  con.>«ist  of  a  aerlett  .of  Jum(»ti  avernKlnic  10  to 
I'll  nille«t  each.     Kni;ineerlnK  Mklll  Is  the  ineaidire  of  npee^l. 

If  \-|fiory  could  be  won  by  mait-scM  of  men.  the  Kniente  would 
ntit  have  their  eyes  turned  no  earne8tl.\  to  America;  India  and 
t'hina  cuuld  supply  the  need  from  their  teemlnK  populations.  It 
Is  organized  kiiuwledKe,  however,  that  will  prevail,  and  the 
t'nited  State.t  belnc  a  pioneer  country — a  land  of  new  railroads. 
hrldRe.s,  tunnels  and  Rreat  enKlneerinK  projects,  built  lari;rly  by 
the  present  Bencrallon— has  the  numerical  itu|M-rlorlty  In  men 
traine<l    In    those  phases  of  enKlneerinic   most    used    to   war. 

I'^urope  has  Its  famous  eiiKlneers  ami  celetinite<l  chemists,  but 
luick  of  the  lines  In  France  the  need  Is  for  thousands  of  experi- 
enced foremen  to  supervise  thousamis  of  icaniES.  The  laboratoo' 
and  factory  worker  must  Klve  way  to  the  outdoor  construction 
boss. 

tiermany.  t  hough  not  a  land  of  pioneer  development,  la  a 
country  of  recent  Intense  Industrial  advancement.  Iler  Initial 
superiority  In  »var  was  due  to  the  fact  that  everj-  man  In  her 
empire  knew  exactly  what  he  was  to  do.  and  on  the  llral  call 
immediately    JumiH'd    to    his    prescribed    post. 

The  I'nltcd  States  possesses  3U0.00O  technically  trained  men — 
u  numl»>r  double  the  total  of  an.v  two  other  nations.  However. 
les.*  than  one-half  of  our  enitineers  and  chemists  are  ensaced  In 
purely   war  work. 

The  re.st  of  the  article  consists  mainly  of  a  record 
of  achievements  of  American  scientists  and  engineers. 
For  example: 

Till'  Ccrui.iii  iiK-tliod  of  manufacturlne  iiltroKen  Is  now  well 
known  to  UK.  It  Is  called  the  Halier  pmoeas.  and  a  (iennan- 
aubsidlxed  trust  carefully  Kuarrled  Its  SM-rets.     A  eorpa  of  Amerl- 

c-an   chemists  wt   to   ""ri-    i-   .ii....i.i    u...   details  of  the  Teuton 
iiielhml.    and   after  nir  i    endeavor   the   secrets 

were  fouiul  and  the  pi  war  Iws  bruucht  forth 

no  liner  achievement  II "  ■■'  •■'"    '•"  ■'  "  •  ■'  "f 

science.     Wo  have  lit   the  m.  'T 

process,   and   II   la  predicted  us 

more   thiiti   one-half   of  our   ;;»   -i    - :    as 

WernilllO    Is   now   siiptiojMMl    to   l»r   dome. 

Aside  from  the  interest  that  engineers  naturally 
lake  in  all  well  written  accounts  of  engineering  and 
scientific  achievements,  such  popular  articles  as  this 
by  Mr.  Parsons  should  have  a  special  interest  to  our 
readers  at  the  present  time.     Now,  as  never  before. 
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engineering  is  being  advertised.  In  the  popular 
magazines  and  daily  papers  scarcely  an  issue  appears 
without  some  direct  or  indirect  tribute  to  engineering. 
Again  and  again  has  this  war  been  called  an  "engi- 
neering war."  The  spectacular  achievements  of 
American  engineers  and  contractors  have  received 
enormous  publicity,  starting  with  the  unprecedented 
rapidity  with  which  the  cantonments  were  built  last 
year,  and  continuing  through  an  unbroken  succession 
of  structural  feats  without  precedent.  On  the  fourth 
of  July  we  launched  more  ships  than  Germany  had 
sunk  in  the  entire  month  of  June,  and  among  our  ves- 
sels was  one  of  12,000  tons  built  in  38  days.  A  few 
days  later  every  moving  picture  theatre  in  the 
country  was  showing  the  huge  "Defiance"  gliding 
down  the  ways,  and  a  month  later  followed  its  sister 
ship,  the  "Invincible."  Sights  like  these  give  great 
reality  and  vividness  to  the  printed  accounts  of  these 
engineering  achievements.  Even  the  least  educated 
c»n  appreciate,  in  some  measure,  what  is  being  ac- 
complished in  the  engineering  world. 

Engineers  should  see  to  it  that  the  public,  once 
aroused  to  the  worth  of  engineering,  shall  never  slum- 
ber again. 


The  Skip  Stop  Plan  and  Peak  Load  Reduc- 
tion in  Street  Car  Service 

To  the  Editor:  During  these  busy  war  times  when 
everything  seems  to  be  going  up,  the  street  car  lines 
are  demanding  higher  fares  in  order  to  pay  for  in- 
creased wages  and  cost  of  equipment.  Some  detailed 
investigation  should  be  made  to  relieve  the  situation 
without  raising  the  fares. 

The  skip  stop  plan  is  being  tried,  but  does  the  gen- 
eral public  know  the  actual  saving  in  the  operation? 
Would  it  not  be  well  to  meter  a  dozen  cars  and  note 
the  amount  of  current  saved  and  publish  a  complete 
report.  I  am  of  the  opinion  that  the  skip  stop  plan 
is  equal  to  an  8  ct.  fare  and  believe  the  City  should 
make  a  study  and  report  before  any  raise  should  be 
permitted. 

Further,  10  to  15  per  cent  of  the  rush  hour  or  peak 
load  could  be  reduced  by  the  Company  offering  for 
sale  tickets  6  or  7  for  25  cts.,  good  only  during  certain 
hours.  There  are  thousands  of  women  shoppers  that 
would  take  advantage  of  a  cheaper  rate,  using  the 
cars  during  the  morning  or  early  afternoon  hours 
and  leave  the  use  of  the  cars  for  those  who  work. 

On  the  Elevated  roads  the  skip  stop  plan  would 
save  and  many  people  would  rather  wait  a  minute  or 
two  than  have  the  fare  raised. 

Edgar  A.  Rossiter, 

Chicago.  111.  Civil  Engineer. 


Piecework  at  Shipbuilding  Plant  Increases  Output 
65  Per  Cent. — An  increase  in  production  of  65  per 
cent  is  shown  since  the  piecework  system  was 
adopted  at  the  Submarine  Boat  Corporation  yard, 
according  to  Speed  Up,  official  publication  of  the 
company.  Records  of  work  in  the  shops  and  on  the 
bending  floors  from  Aug.  1  to  Aug.  10  show  that  one 
gang  turned  out  139  frames  in  the  fir.st  nine  work- 
ing days  in  August.  The  highest  single  day's  earn- 
ings for  the  leader  of  this  gang  was  $19.04;  his 
helper,  at  the  furnace,  $17;  the  remainder  of  the 
gang  averaged  $13  a  man.  Another  gang  turned  out 
87  frames  in  five  days,  the  highest  night's  earnings 
of  the  leader  being  $19.19.  Another  crew  turned  out 
87  frames  in  nine  days,  most  of  the  work  being  upon 
difficult  angles.  Still  another  crew,  in  seven  nights, 
turned  out  65  frames,  the  leader's  highest  night's 
pay  being  $23.61. 


A  Pontoon  Drawbridge  that  Oper-- 
ates  on  "River  Kite"  Principle 

By  HALBERT  P.  GILLETTE. 

After  assembling  the  boats,  planks  and  other  mate- 
rials along  the  bank,  a  pontoon  bridge  can  be  thrown 
across  a  river  at  the  rate  of  10  lin.  ft.  of  bridge 
per  minute..  A  river  300  ft.  wide  can  thus  be  bridged 
in  half  an  hour.  This  seems  almost  incredibly  rapid, 
even  where  the  men  engaged  in  building  the  bridge 
are  "as  thick  as  fleas."  But  it  is  feasible  to  do  much 
better  and  to  throw  a  300-ft.  pontoon  drawbridge 
across  a  river  in  five  minutes.  What  is  more  remark- 
able, one  man  can  "throw  it"  after  all  the  materials 
are  assembled. 

The  pontoon  drawbridge  that  I  am  about  to  describe 
operates  on  the  principle  of  the  "river  kite,"  which  I 
described  in  the  Jan.  10,  1917,  issue  of  Engineering 
and  Contracting.  In  that  article  I  showed  how  a  "rud- 
der boom"  is  built  for  the  purpose  of  deflecting  shin- 
gle bolts  or  floating  logs  into  a  "pocket"  at  the  bank 
of  a  river.  Rudder  booms  have  long  been  used  in  the 
far  west  by  shingle  mill  operators.  These  booms  are 
so  designed  that  one  man  can  swing  the  boom  across 
the  river  in  a  few  minutes  or  withdraw  it  even  more 
quickly.  The  force  of  the  river  current  is  made  to 
do  all  the  work  of  swinging  the  boom  across  the  river, 
making  the  operation  appear  at  first  sight  like  lifting 
one's  self  over  a  fence  by  one's  bootstraps.  However, 
the  principle  involved  is  exactly  the  same  as  is  ap- 
plied in  flying  a  kite  in  the  air.  The  current  of  the 
river  takes  the  place  of  the  current  of  the  air — the 
wind.  The  air-kite  moves  up  and  down  in  a  vertical 
plane,  whereas  the  river-kite  moves  in  a  horizontal 
plane,  floating  on  the  river. 

Design  of  Pontoon  Drawbridge. — My  application  of 
this  kite  principle  to  a  pontoon  bridge  is  shovra  in  the 
accompanying  sketch.  Upon  a  series  of  pontoons  is 
laid  a  bridge  floor,  each  pontoon  being  pivoted  at  its 
center  to  the  floor  beam  above.  I  have  not  attempted 
to  show  the  floor  beams  and  stringers  in  the  sketch, 
nor  the  details  of  the  pivoting.  A  wire  cable  connects 
the  bows  of  the  pontoons,  passes  around  a  sheave  on 
the  rear  pontoon  and  onto  the  drum  of  a  winch.  A 
similar  wire  cable  should  be  used  to  connect  the 
sterns  of  the  boats,  to  provide  against  breakage  of 
the  other  cable  and  to  speed  up  the  swinging  of  the 
drawbridge  where  speed  is  an  object.  The  rear  end 
of  the  bridge  is  anchored  to  a  tree  or  "deadman"  on 
the  bank. 

First  let  us  assume  the  bridge  to  be  in  the  position 
shown  in  the  sketch,  then  to  swing  it  back  to  the 
shore,  all  that  needs  be  done  is  to  throw  off  the  dogs 
on  the  winches.  Thereupon  all  the  pontoons  swing  on 
their  pivots  until  they  point  directly  down  stream, 
f  nd  the  entire  bridge  swings  about  the  center  of  the 
rear  boat  as  an  axis,  until  the  forward  end  of  the 
bridge,  A,  reaches  the  position  B.  A  converse  move- 
ment occurs  upon  winding  up  the  cables  on  the 
winches,  so  as  to  throw  the  A  pontoons  at  an  angle 
with  the  river  current.  Then  the  forward,  or  down- 
stream end  of  the  bridge  at  IB  moves  in  arc  across 
the  river  to  A. 

In  my  article  in  the  Jan.  10,  1917,  issue  of  Engi- 
neering and  Contracting,  I  deduced  a  formula  for  ap- 
plication to  "rudder  booms,"  and  I  there  showed  that 
the  most  effective  angle  for  the  rudders  was  at  45° 
with  the  current.  In  this  pontoon  bridge,  the  pon- 
toons act  not  only  like  the  rudders  in  the  rudder  boom, 
but  like  the  boom  itself;  the  upstream  side  of  the  boat 
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being  like  the  upstream  face  of  the  rudder,  and  the      T"!,-!  r\«r..^«-:,-.-.*.^^  C^  ,*  ^  ^.  *    _    r>l' 
stern  of  tho  boat  bein«  like  the  boom.     Consequently       *  "G  Ucactl\  at()r  S>  Stcni  foF    Elim- 
ination of  (Corrosion   in  Hot 
Water  Supply  Pipe 


if  the  length  of  the  pontoon  i.s  jrreat  compared  with 
ita  beam  width,  the  bridge  can  be  made  to  swing  out 
to  an  angle  with  the  current  that  will  considerably  ex- 
ceed 45  ;  whereas  rudder  buoms  are  seldom  designed 
to  swing  even  to  a    15     anglf. 

Application  to  Temporary  ItridginK  und  fur  Pioneer 
Roads.— It  often  happens  that  a  temporary  bridge  is 
needed      In   such  cases    the    pontoon   drawbridge   is 


Pope 

Tree  or  Anchor 
rinciple   to    Pontoon    Bridge. 


Rii-^r  So" 
Application   of   Kite 

worth  consideration.  It  is  .superior  to  a  fixed  pontoon 
bridge  wherever  floating  logs  or  ice  are  apt  to  lodge 
against  the  bridge.  A  pontoon  drawbridge  can  be 
swung  back  to  allow  a  log  jam  or  an  ice  jam  to  release 
itself,  or  it  can  be  kept  swung  back  except  at  the  times 
that  it  is  needed.  It  does  not  interfere  with  naviga- 
tion. 

A  cheap  pontoon  swingbridge  can  be  made  of  air- 
tight barrels,  held  together  to  form  rafts  that  serve 
instead  of  boats.  A  still  cheaper  design  for  pioneer 
purposes  is  one  in  which  cedar  or  pine  logs  are  used 
to  make  the  rafts  that  serve  as  pontoons. 

After  a  pontoon  drawbridge  is  swung  into  place, 
the  floor  beams  over  the  pontoons  should  be  blocked 
up.  the  blocks  resting  on  the  pontoons.  This  may  be 
done  in  less  than  a  minute. 


Concrete  Forms  Wet  with  Hose  Gave  Smooth  Sur- 
face Finish.— In  placing  the  concrete  casing  on  the 
steel  work  of  the  I'elham  Parkway  Stjition  of  the 
New  York  City  rapid  transit  lines  sludge  oil  was  used 
at  first  on  the  forms.  It  was  found,  however,  that 
the  oil  .stained  the  concrete,  .so  on  the  later  work 
the  oiling  was  eliminated.  As  a  substitute  the  forms 
were  wet,  previous  to  pouring  the  concrete,  by  play- 
ing a  ho.se  upon  them.  This  proved  an  effective 
method  of  making  the  wood  forms  watertight  and 
resulted  in  securing  a  smooth  uniform  surface  fin- 
iBh  that  reduced  the  surface  rubbing  to  a  minimum. 


79  Rilw  for  \Voi>d  Ships  Erected  in  .10'  Hours.— 
Two  framing  crews,  each  consisting  of  12  men  and 
a  foreman,  at  the  plant  of  the  .N'ational  Shipbuild- 
ing Co.,  Orange,  Tex.,  erected  79  ribs  for  a  Ihiugherty 
lype  of  wood  ship  in  30  hours  and  :?'>  minutes.  Kach 
Irame  contains  .'5,000  ft.  of  timber. 


In  :i  paper  pn-sented  last  year  before  the  Amer- 
ican Society  of  Heating  and  Ventilating  Kngineers, 
.Mr.  F.  N.  Speller,  Metallurgical  Engineer,  .VationaJ 
Tube  Co.,  described  a  method  for  the  elimination  of 
corrosion  in  hot  water  supply  pipe.  It  was  shown  in 
this  paper  that  by  keeping  hot  water  under  pressure 
in  contact  with  a  large  surface  of  iron  for  a  suffi- 
cient length  of  time  it  was  possible  to  remove  and 
••fix"  the  oxygen,  arid  thus  render  the  water  prac- 
tically inactive  or  non-corrosive.  The  successful 
adaptation  to  practical  uses  of  the  method  was  shown 
by  diagrams  of  two  plants  that  were  in  actual  op- 
eration. (Jne  of  these  plants  is  at  the  Irene  Kauf- 
mann  Settlement  in  Pittsburgh,  and  the  other  at  the 
Research  Laboratory  of  the  National  Tube  Co.  in 
McKeesport,  Pa.  A  recent  examination  shows  that 
no  appreciable  corrosion  has  occurred  in  the  pipes 
carrying  the  deactivated  hot  water  at  these  plants. 
On  the  other  hand,  there  has  been  a  great  deal  of 
trouble  connected  with  other  pipes  in  the  same  build- 
ings which  carry  hot  water  not  treated  bv  the  deac- 
tivator .system.  The  sheet  iron  with  which  the  heat- 
ing tanks  are  packed  has  not  yet  given  out  and  is 
apparently  as  active  as  ever  after  2  years"  service. 

In  a  paper  presented  at  the  last  annual  meeting 
of  the  above  society  Mr.  Speller  and  Mr.  R.  G.  Know- 
land  of  the  Department  of  Applied  Chemistrv  of 
Massachusetts  Institute  of  Technology  give  a  further 
di.scussion  of  the  method.  An  abstract  of  this  paper 
follows : 

Because  of  the  manifest  advantages  of  this  method 
of  preserving  the  hot  water  piping  in  apartments 
and  similar  situations,  it  was  decided  to  install  a 
plant  larger  in  capacity  than  those  in  Pittsburgh  and 
McKeesport.  The  apartments  at  Hemenway  Ter- 
race. Boston.  Mass.,  were  selected  as  affording  tvpical 
conditions;  and  the  installation  was  made  by  the  Re- 
search Laboratory  of  Applied  Chemistry  of  the  Mas- 
sachusetts Institute  of  Technology  acting  in  co-op- 
eration with  the  Research  Department  of  the  National 
Tube  Co. 

Deactivating  Plant  at  Hemenway  Terrace,  Boston. 
— The  hot  water  supply  at  Hemenway  Terrace  is  fur- 
nished by  two  heating  and  circulating  systems,  each 
complete  in  itself  and  separate  from  the  other.  The 
amount  of  water  heated  is  about  the  same  for  each 
.system  and  reaches  i  week-day  maximum  of  about 
1550  gal.  an  hour.  The  deactivator,  which  went  into 
operation  on  March  15,  1917,  was  placed  on  one  of 
the  supply  systems,  thus  leaving  the  other  free  for 
purposes  of  comparison.  It  consisted  of  a  Gurney 
coal-fired  heater,  a  treating  and  storage  tank,  and  a 
filter  as  shown  by  Fig.  1.  The  tank  was  built  with 
a  42-in.  flanged  head,  thus  permitting  easy  packing 
of  the  Cambridge  metal  lath  with  which  the  tank 
was  filled  in  horizontal  layers  from  bottom  to  top. 
In  circulation,  as  the  arrows  indicate,  the  water 
passes  from  the  heater  up  into  the  deactivating  tank 
where  it  makes  contact  with  the  sheet  metal  at  a 
high  temperature.  It  moves  through  this  slowly  as 
cooling  currents  or  water  from  the  cold  supply  urge 
it,  and  back  into  the  heater  or  off  through  the  house 
supply  line. 

The  hot  water  house  supply  pipe  leaves  the  tank 
at  the  top  and  passes  to  the  filter,  part  of  its  con- 
tents  being  shunted  off  through   a  coil   in   the  filter 
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bed.  A  constant  circulation  of  hot  water  in  this  coil 
makes  it  impossible  for  the  filter  to  reach  a  tem- 
perature notably  lower  than  that  in  the  deactivating 
tank  itself.  Through  a  four-way  valve  at  the  top  of 
the  filter,  the  water  for  circulation  in  the  house  sys- 
tem passes  into  the  space  above  the  filter  bed  and 
down  through  the  sand  into  a  chamber  at  the  bot- 
tom. In  this  passage,  the  rust  formed  in  the  deac- 
tivation of  the  water  is  wholly  removed.  The  house 
supply  is  withdrawn  through  the  vertical  pipe  in  the 
center  of  the  filter,  while  the  gravity  return  line  en- 
tering at  the  bottom  provides  for  a  continuous  cir- 
culation of  water.  It  is  thus  apparent  that  there  are 
three  complete  and  independent  systems  of  circula- 
tion: (1)  the  one  between  the  heater  and  tank;  (2) 
that  between  the  filter  and  tank  for  keeping  the  for- 
mer hot,  and  (3)  the  house  and  filter  system. 

Operating  Results  from  Plant. — The  success  of  the 
apparatus  in  removing  the  dissolved  oxygen  from 
the  heated  water  is  shown  in  Table  I.     That  this  re- 
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moval  of  oxygen  is  accompanied  by  highly  beneficial 
results  will  be  understood  from  a  comparison  of  pres- 
ent and  past  conditions  at  the  apartments.  When 
the  deactivator  was  placed  in  operation,  each  hot 
water  system  had  been  in  service  for  about  11  years. 
The  one  which  we  are  particularly  considering  had 
been  the  source  of  great  trouble  and  complaint  and 
pipes  were  giving  way  very  frequently.  It  had  also 
been  necessary  to  place  three  plugs  in  the  supply 
tank  where  corrosion  had  caused  the  formation  of 
large  pits  which  broke  through  the  metal.  Every- 
thing in  fact  pointed  toward  the  rapid  destruction  of 
the  system.  When  the  deactivator  was  installed, 
these  sources  of  annoyance  immediately  ceased;  and 
since  that  date"  no  replacements  have  been  necessary. 
On  the  other  hand,  the  system  which  was  not 
equipped  with  a  deactivator  went  completely  to 
pieces  in  a  few  weeks'  time.  Fifteen  holes  in  the 
tank  were  plugged,  and  finally  it  became  necessary 
to  replace  this  bodily,  the  destruction  of  pipe  in  that 
system  containing  as  before. 

In  removing  contiguous  piping  for  installing  the 
apparatus,  it  was  found  that  it  was  almost  completely 
filled  with  rust  and  dirt  of  various  kinds.  The  super- 
intendent of  the  building,  after  four  months'  use  of 
the  deactivator,  reported  that  the  pressure  throughout 
the  house  has  doubled.  That  this  is  due  to  the  cleans- 
ing eff'ect  of  the  water  is  certain,  since  for  two  months 
after  the  apparatus  was  put  into  operation  the  hot 
water  showed  a  distinct  coloration. 

Table  II  has  been  inserted  to  afford  an  idea  as  to 
how  corrosion  in  a  hot  water  supply  system  appor- 
tions itself  between  the  tank  and  the  pipe-lines.  This 
table  is  based  upon  data  obtained  from  the  system 
that  is  not  provided  with  a  deactivating  tank.     The 
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diflference  between  the  dissolved  oxygen  content  in 
the  cold  water  and  that  in  the  hot  water  (analyses 
taken  at  the  tank)  will  indicate  the  amount  of  cor- 
rosion within  the  supply  tank  as  compared  with  that 
which  occurs  in  the  lines  when  the  hot  water  is  pass- 
ing through  them.  The  fact  that  several  times  as 
much  metal  is  rusted  away  in  the  tank  as  in  the 
piping  would  be  predicted  from  the  higher  tempera- 
ture of  the  former  and  the  fact  that  the  hot  water 
is  in  contact  with  the  tank  for  a  considerable  time 
before  being  drawn  into  the  piping  system. 

From  the  standpoint  of  economy,  the  use  of  the 
deactivating  system  is  recommended  by  its  results. 
It  is  much  cheaper  and  vastly  more  convenient  to 
corrode  away  100  lb.  of  sheet  metal  in  the  basement 
than  the  same  weight  of  piping  in  miscellaneous  loca- 
tions throughout  the  house.  The  question  as  to  how 
long  the  sheet  metal  will  last  can  no  more  be  an- 
swered than  one  as  to  the  life  of  a  hot  water  system 
before  it  has  been  tried  out.  However,  it  has  not 
been  necessary  to  replace  the  sheets  in  two  years' 
operation  of  one  of  these  plants.  Furthermore,  such 
a  question  is  relatively  unimportant,  since  the  econ- 
omy of  using  the  sheet  metal  does  not  depend  upon 
its  cost.  The  real  advantage  of  the  deactivator  lies, 
as  we  have  suggested,  in  the  fact  that,  without  re- 
gard to  its  own  cost,  a  material  is  wasted  that  is 
always  somewhat  cheaper  than  pipe;  and  that  the 
danger,  annoyance,  and  expense  of  replacing  cor- 
roded piping  is  largely  circumvented.  The  latter  are 
very  real  problems  as  all  real  estate  owners  are  well 
aware.  Their  elimination  would  do  much  to  relieve 
one  of  the  serious  causes  of  complaint  by  tenants 
in  apartment  houses  and  hotels. 

TABLE    I.— RESULTS    IN    REMOVAL    OF    DISSOLVED 

OXYGEN. 

Temp,  ill 

Month.  dpg.    Fahr.      Oxygen   in   cc   per  liter. 

i.\verage).  Cold.  Hot. 

-March    183  S.29  0.11 

.Vpril    174  S.12  U.05 

llav    17.T  6.97  0.07 

.June     176  5.66  0.00 

.lulv    18.S  4.56  0.00 

-Vugust    le.'!  S.91  0.00 

September     14S  4.33  0.00 

uctober 182  4.S7  0.45* 

November    ...     155  6.16  0.26* 

*This  value  is  not  an  average  for  the  month,  but  was  taken 
at  a  time  of  severest  demand,  when  the  requirements  probably 
amounted  to  1.200  gal.  i;er  hour.  The  system  was  designed  for 
a  maximum  ot  65  gal.   per  hour. 

In  summer  there  is  less  dissolved  oxygen  in  water  than  in 
winter,  the  phenomenon  neing  due  to  the  lower  solubility  of  gases 
in   water  at   the   higher   temperatures. 

TABLE   II.— AMOUNTS    OF  DISSOLVED   OXYGEN  DETECTED 

IN    SYSTEM    NOT    EQUIPPED   WITH 

DEACTIVATING  TANK. 

Temp,  in 

Month.                                          deg.   Fahr.      Oxygen   in  cc   per  liter. 

(.\verage).           Cold.  Hot. 

.March    176                     8.29  2.26 

April    158                     8.12  1.5S 

.May    • 141                     6.97  1.6:> 

,lune     144                     5  66  2.01 

July    144                       4.56  2.32 

August     148                     3.91  1.45 

September     13S                     4.33  1.53 

October     120                      4.S7  3.76 

.N'ovemher    13K                     6.16  3.02 

The  average  of  65  analyses  on  the  deactivating  system  shows 
that  a  final  oxygen  content  of  0.06  cc  per  liter  is  to  be  expected 
in  the  deactivated  water,  starting  with  an  initial  content  of  6.41 
cc   per  liter. 

The  same  number  of  analyses  on  the  non-deactivating  system 
show.s  a  rinal  oxygen  content  ot  1.74  cc  per  liter  with  an  initial 
ctintt-nt  of  11.  n  cc  per  liter. 

The  theoretical  increase  in  life  of  tank  and  piping,  there- 
fore, when  et|Uipi3ed  with  a  deactivator  will  be  1.74  /  0.06  =  29 
fold.  This  theoretical  increase  is  affected  by  the  fact  that  cor- 
T'osion  is  not  always  uniform,  but  is  usually  accompanied  by  pit- 
ting, which  is  the  actual  destroyer  of  the  tank  and  piping.  It 
goes  without  sa>'ing,  however,  that  the  deactivator  will  increase 
the  life  of  a  hot  water  supply  system  many  times.  Conservative 
e^^timates  would  make  the  increased  usefulness  of  the  apparatus 
lie  between  five  and  fifteen  fold,  depending  upon  local  conditions 
of  ttn^  insTiillation.  Such  an  estimate  obviously  holds  only  for 
|il.iiii<  .!<  siuned  in  the  proper  proportions  based  mainly  upon  the 
riKiiai  ii  r,  Mi.iximum  hourly  consumption,  and  the  temperature  of 
til.-  «.it..i 
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Gt'nfral  Application. — The  eflfectiveness  of  this 
method  of  oxyKen  removal  in  obviounl.v  not  limited  tti 
in.stullution.s  of  steel  or  of  wrought  iron  pipe,  al- 
thouKh  practical  considerations  of  cost  would  sujf- 
gest  its  '.ise  in  systems  over  a  certain  size  in  combi- 
nation with  steel  pipe  as  forming  the  most  econom- 
ical layout.  As  considerations  already  discussed 
would  indicate,  the  life  of  brass  or  of  bronze  pipe 
may  likewise  bo  greatly  increased  by  the  removal 
of  dissolved  oxygen  from  the  water.  While  it  is  true 
that  under  the  usual  conditions  of  service  brass  is 
comparatively  durable,  it  is  very  often  subjected  to 
severe  corrosion  which  is  not  apparent  until  failure 
occurs.  With  galvanized  iron,  on  the  other  hand, 
the  first  evidence  of  rusting  is  found  in  the  appear- 
ance of  discolori'd  water  long  before  the  pipes  are 
seriously  damaged.  There  are  many  localities  where 
the  water  is  alkaline  and  hard  to  such  a  degree  as 
to  prevent  serious  corrosion  even  in  the  hot  water 
lines.  In  the  large  majority  of  cases,  however,  it 
would  appear  that  the  protection  of  a  hot  water  sup- 
ply system  by  deactivation  of  the  water  should  be 
und'Ttaken  as  a  matter  of  Common  precaution. 


l»iu'iimutic-    Machine   Bends    Colil    I'latos 
in  Coinpoiind  C'lirves 

A  new  colli  plate  bending  machine  that  executes 
compound  curves,  is  now  in  successful  operation  at 
the  yard  of  the  Pensacola  Shipbuilding  Co.,  Pensa- 
cola,  Fla.  The  machine,  which  was  perfected  by  S. 
J.  Robinson,  Chief  Engineer  of  the  company,  was  de- 
signed to  do  the  work  ordinarily  done  by  the  pyramid 
type  of  plate  bending  rolls. 

The  frame  is  made  of  15-in.  I-beams,  carried  on  a 
concrete  foundation.  Between  the  beams  are  14 
pneumatic  hoists,  with  12-in.  diameter  pistons  and 
7-ft.  stroke.  On  the  top  flanges  of  the  I-beams  are 
bolted  structural  steel  formers  with  curvatures  cor- 
responding to  the  bends  desired  in  the  plate.  The 
plate  is  placed  vertically  against  the  formers,  and 
the  bottom  clamped  in  place  against  a  structural 
.steel  bracket.  On  the  head  of  each  piston  rod  is  a 
chain  sheave,  and  around  this  sheave  is  a  length  of 
",-in.  coil  chain.  Each  end  of  this  chain  is  passed 
over  a  sheave  carried  on  the  outer  end  of  the  I-beam 
base,  and  a  saddle  casting  which  is  laid  on  the  edge 
of  the  plate.  The  ends  are  hooked  to  the  base,  and 
the  application  of  compressed  air  to  the  cylinders 
pulls  the  plate  to  the  formers.  The  rear  ends  of  the 
cylinders  are  piped  for  water  instead  of  compressed 
air,  and  the  length  of  stroke  and  speed  of  travel  are 
governed  by  allowing  the  water  to  flow  out  through 
a  controlling  valve.  An  especially  valuable  feature 
of  the  apparatus  is  its  ability  to  bend  warped  sur- 
faces at  <ine  operation,  as  the  radius  of  the  formers 
at  any  point  determines  the  curvature  at  that  point. 


Knpi-  Mai  Facilitates  Driving  of  Precast  (  oncrete 
Piles. — By  using  a  rope  cushion  on  precast  concrete 
piles  better  penetration  was  .secured  and  damage  to 
piles  and  hammer  eliminated.  The  cushion  consisted 
of  old  2-in.  Manila  rope  coiled  into  a  circle  large 
enough  to  fit  the  hea<l  of  the  pile.  Each  mat  could  be 
u.scd  but  once.  The  piles  were  12x12  in.,  'M)  ft.  long, 
reinforced  with  a  'i-in.  roil  at  each  corner.  They 
were  driven  with  a  No.   1   I'nion  hamnicr. 
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The  firm's  executive  of  course,  cannot  direct  the 
work  of  accident  prevention  and  safety  engineering, 
and  he  is  not  expected  to;  but  he  can,  and  necessarily 
must,  give  someone  in  his  employ,  the  authority 
and  position  of  Director  of  Safety  or  Manager  of 
Accident  Prevention  Department,  or  .some  formal 
dignified  title,  and  he  must  necessarily  make  allow- 
ances for  reasonable  expenditures  in  carrjing  out 
this  work. 

Letters  and  instructions  to  all  superintendents, 
foremen,  straw  bosses,  purchasing  agents,  depart- 
ment heads,  field  offices  and  jobs,  must  of  course 
be  written,  and  should  be  signed  by  the  firm's  execu- 
tive to  establish  the  authority,  and  secure  the  re- 
spect and  co-operation  due  the  man  who  is  to  carry- 
out  his  work,  for  without  such  a  .start  he  can  never 
hope  to  >>ucceed. 

How  Safely  Director  Can  Obtain  Information  for 
His  Work.— Once  established,  the  Safety  Director 
>houkl  study  the  particular  line  or  lines  of  con.struc- 
tion  work  his  firm  is  engaged  in  and  fortify  him.self 
with  all  available  information,  data,  bulletins,  in- 
.■-tructions,  .safety  guards,  etc..  applicable  to  the  types 
and  kinds  of  operations  engaged  in  by  his  firm. 

There  is  a  fund  of  such  data  and  information  at 
the  disposal  of  any  one  who  is  seriously  interested. 

The  National  Safety  Council  has  hundreds  of  es- 
pecially fine  illustrated  bulletins,  designed  especially 
for  construction  work  which  should  be  posted  on 
the  job  bulletin  boards.  They  also  have  issued  sev- 
eral splendid  "Safe  Practices"  pamphlets  on  goggles, 
engine  guarding,  engine  stops,  freight  elevators, 
grinding  wheels,  couplings,  pulleys,  gears,  .scaffolds, 
etc.,  and  also  have  a  splendid  library  equipped  with 
three  libraries.  They  now  also  have  a  specialist  in 
Safety  P^igineering  and  Accident  Prevention  on  Con- 
struction Work,  Mr.  Sidney  J.  Williams,  manager  of 
their  Accident  Prevention  Division,  who  has  spent 
several  years  in  and  about  general  construction  work. 

Also,  most  all  large  insurance  companies  now  main- 
tain an  eflicient  accident  prevention  department,  and 
issue  many  valuable  bulletins  and  furnish  safety  in- 
spections, advice,  co-operation,  etc.,  without  cost  to 
their  policy  holders. 

Then  also,  there  are  a  number  of  publications  de- 
votea  entirely  to  safety  work,  as  for  instance  "Safety 
Engineering,"  issued  monthly  at  a  small  sub.scrip- 
tion  price.  You  cam  also  secure  without  cost  simply 
by  applicaticm  "The  Monthly  Review  of  the  I'nited 
States  Bureau  of  Labor  Statistics"  by  writing  to  Mr. 
Royal  Meeker,  Conmiissioner  of  the  Bureau,  at  Wash- 
ington. Then  also  there  are  many  local  safety  coun- 
cil branches  of  the  National  Safety  Council  through- 
out the  country,  and  they  should  be  joined  if  one  is 
in  the  locality  or  near  by,  to  got  the  benefit  of  their 
round   table   meetings,  mutual   experiences,   etc. 

The  matter  of  mechanical  safeguarding  wherever 
l>ossilile  is  most  important  and  a  complete  list  of 
manufacturers  of  safety  devices  and  appliances  of 
all  kinds  can  readily  be  secured  from  the  National 
Safety  Council. 

■.\lHilri<i-t  f'oiii  iKldrr'ii  lM<rorv  Ihv  i\inii(ruotlon  8<H-il<in  MtvtlnK 
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Securing  Co-Operation  of  Foremen,  Superintend- 
ents and  Straw  Bosses. — Construction  superintend- 
ents, foremen  and  straw  bosses  are  of  course  push- 
ing a  job  continually  to  get  it  done  in  the  shortest 
possible  time  and  at  the  least  possible  expense,  and 
must  be  approached  on  safety  work  and  accident 
prevention  with  clear  and  reasonable  requests. 

They  must  be  educated  to  the  safety  idea  gradually 
and  in  a  systematic  and  consistent  manner  without 
the  use  of  sarcasm  or  destructive  criticism. 

Write  them  a  personal  circular  letter  at  least  twice 
a  month  and  always  enclose  with  it  from  two  to  four 
new  bulletins  for  each  of  their  bulletin  boards.  Con- 
tinually call  their  attention  to  types  and  causes  of 
accidents  prevalent  on  their  job  or  on  other  jobs, 
always  stating  a  remedy  or  a  preventive  suggestion 
and  inviting  their  ideas  and  suggestions  to  eliminate 
or  reduce  the  causes  of  accidents. 

Do  not  hesitate  to  call  their  attention  to  accidents 
which  have  occurred  on  their  jobs  or  certain  types 
and  causes  of  accidents  which  are  running  the  high- 
est or  which  have  increased  in  number,  but  also  give 
them  credit  and  a  little  praise  when  they  are  show- 
ing good  results  or  pulling  down  the  number  of  acci- 
dents on  their  job. 

These  men,  so  keen  and  able  in  all  their  work,  are 
intensely  human  and  accept  constructive  criticism 
as  well  as  expect  due  credit,  just  the  same  as  you 
and  I. 

Unless  you  eventually  succeed  in  getting  the  su- 
perintendents, foremen  and  straw  bosses,  and  finally 
the  rank  and  file  of  the  men  on  the  job  to  co-operaie 
with  you  because  they  "want  to"  and  not  because 
they  "have  to,"  you  will  have  failed,  and  another 
Safety  Director  will  be  needed  in  a  hurry. 

Records  of  Accidents  Kept  by  Months. — The  Safety 
Director  should  keep  records  of  the  accidents  and 
statistics  for  each  job  separately  by  months,  in  order 
to  know  while  the  job  is  in  progress,  whether  there 
is  an  increase  or  a  decrease  in  the  number  of  acci- 
dents, and  also  that  he  may  keep  the  job  superintend- 
ents and  foremen  advised  monthly,  for,  remember, 
"The  water  which  has  gone  over  the  dam  is  lost"  and 
there  is  very  little  satisfaction  in  advising  a  job  su- 
perintendent or  foreman  at  the  finish  of  a  job  that 
he  had  a  bad  record.  You  would  not  wait  until  a 
job  was  all  finished  to  advise  a  superintendent  or 
foreman  that  the  job  lost  money  or  cost  more  than 
it  should  for  any  unit  or  for  the  whole  job,  but  you 
would  know  at  least  monthly,  and  possibly  weekly, 
exactly  how  the  cost  of  the  job  was  running. 

Classification  of  Lost  Time  Accidents. — After  con- 
siderable experimenting,  I  have  found  it  advisable 
to  classify  only  lost  time  accidents  into  twelve  main 
causes  as  follows: 

1.  Handling  materials. 

2.  Handling-  tool.s. 

3.  Bad   or   broken    tools. 

4.  Falling-  or  flying  objects. 

5.  Poor  or  broken  staging,  scaffolds  and  runways. 

6.  Lack  of  toe  boards,  rails,  screens. 

7.  Falls  or  slipping, 
.s.  Protruding  nails. 
9.  Ladders. 

10.  Ropes,    chains,    cables. 

11.  Machinery   and   equipment. 

12.  Miscellaneous. 

And  to  bunch  all  no  lost  time  accidents  under  one 
group.  Also  to  split  the  lost  time  accidents  into  com- 
pensable and  non-compensable  groups,  as  well  as 
to  record  the  number  of  disabilities  and  fatalities 
separately. 

This  is  easily  done  by  giving  each  cause  a  num- 
ber from  1  to  12  (quote  Accident  Classification  Re- 
port)  and  marking  on  each  accident  report  received 


the  cause,  number  and  also  whether  or  not  the  acci- 
dent is  a  "lost  time"  case,  whether  compensable  or 
not,  and  also  noting  if  a  disability  or  fatality  is  in- 
volved. 

From  then  on,  a  clerk  can  compile  this  data  monthly 
onto  a  printed  form  similar  to  the  one  I  have  quoted 
and  from  which  you  will  note  it  is  a  simple  matter  to 
see  at  a  glance  how  the  accident  frequency  is  run- 
ning on  any  job,  from  month  to  month,  both  by  causes 
and  as  a  whole. 

Methods  of  Keeping  Foremen,  Superintendents  and 
Workmen  Interested. — There  are  a  number  of  sound 
ideas  I  have  used  to  keep  superintendents,  foremen 
and  the  rank  and  file  on  the  job  continually  interested 
in  safety  work  and  accident  prevention,  some  of 
which  I  will  mention. 

Frequent  safety  letters  with  information,  sug- 
gestions, and  friendly  cricism. 

Fresh  bulletins  for  the  job  bulletin  boards  at  least 
twice  a  month.     These  can  be  secured  from  the  Na- 
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tional  Safety  Council  in  any  quantity  desired.  Also 
many  insurance  companies  furnish  occasional  bulle- 
tins for  their  policy  holders.  We  have  also  used  sev- 
eral home-made  bulletins  showing  reproductions  from 
photographs  of  good  and  bad  actual  conditions  on 
our  own  jobs,  such  as  stagings,  hammering  tools, 
equipment,  elevators,  debris,  etc.,  and  have  also  made 
up  blue  printed  bulletins  occasionally  by  way  of 
novelty  and  attraction. 

Occasional  special  articles  on  some  one  thing  at 
a  time,  si!ch  as  "Chains,  Ropes  and  Cables,  Safe 
Loads,  Fatigue,  Spi-eads,  Slings,"  etc.,  "The  Dropsy 
or  Butterfinger  Habit,"  "Fire  Prevention,"  "Am  I  My 
Brother's  Keeper?"  etc. 

Patriotic  references  with  regard  to  "industrial  sol- 
diers," "backing  up  the  boys,"  "standing  by  Uncle 
Sam,"  etc. 

Once  in  a  great  while  a  prize  bulletin  contest,  open 
only  to  all  employes  of  the  firm,  excluding  executives 
and  the  Safety  Department,  offering  small  money 
prizes  for  the  best  suggestions  for  a  safety  bulletin 
illustrating  a  common  hazard  applying  to  the  finn's 
operations  or  to  general  contracting. 

Snappy  safety  slogans  at  the  foot  of  all  letters  of 
any  kind  between  the  office  and  the  job.  (The  Na- 
tional Safety  Council  issues  a  pamphlet  listing  hun- 
dreds of  these  slogans,  and  you  can  create  many 
timely  ones  of  your  own.) 

Safety  slogans,  cautions  and  instructions  on  the 
backs  of  pay  envelopes. 

Danger  tags  with  the  firm's  name  thereon  supplied 
in  small  tin  half-containers  fastened  to  the  inside 
of  tool  boxes  in  the  blacksmith  shop,  tool  house,  field 
office,  etc.,  which  are  available  for  use  on  defective 
or  condemned  tools,  machinery  and  equipment. 

Accident  stitistics,  both  your  own  actual  experi- 
ences on  any  job  or  on  all  your  jobs  as  a  whole,  and 
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also  striking  jfeneral  accident  statistics  which  are 
published  from  time  to  time  and  some  of  which  you 
heard  me  quote  earlier. 

An  occasional  circular  letter  signed  by  the  firm's 
executive  asking  for  a  report  of  what  is  being  done 
in  the  way  of  safety  work  and  accident  prevention, 
the  condition  of  bulletin  boards,  goggles,  tools,  equip- 
ment, first  aid  cabinets,  etc. 

Safety  Calendars  in  cartoons,  for  use  in  field  offi- 
ces, tool  houses,  etc..  which  the  National  Safety 
Council  issues  at  a  very  low  cost  each  year.  (You 
can  have  your  firm's  name  printed  on  these  calen- 
dars.) 

Some  firms  also  furnish  the  8er\ice  of  the  Life  L- 
tension  Institute  at  their  e.xpense  to  regular  em- 
ployes, including  physical  e.xamination  and  personal 
reports.  "Keep  Well"  leaflets,  the  Institute's  monthly 
publication  "How  to  Live."  etc.  Undoubtedly  the 
sound  and  healthy  employe  meets  with  far  les.s  ac- 
cidents as  he  is  usually  satisfied,  efficient  and  con- 
tented. This  service,  of  course,  cannot  be  given  to 
the  floater  or  temporary  employe. 

It  is  also  well  to  encourage  and  invite  suggestions, 
ideas  and  constructive  criticism,  from  any  and  all 
employes,  as  many  splendid  results  and  often  good 
data  or  methods  are  thus  secured. 

Competition  can  also  be  created  by  quoting  the 
records  of  various  jobs  on  a  percentage  basis  of  acci- 
dents per  hundred  men  and  is  a  good  occasional 
stimulant. 

When  a  new  critical  departure  or  strict  rule  is 
necessary,  it  is  often  well  to  have  a  firm  executive 
sign  the  circular  letter  used  covering  it. 

A  small  pamphlet  of  safety  instructions  and  rules 
can  be  drawn  up  and  printed,  to  be  given  every  new- 
employe  when  he  is  hired,  and  also  a  diflFerent  pam- 
phlet on  similar  lines  for  the  superintendents  and  fore- 
men. These  pamphlets  might  be  called  No.  1.  and 
additional  new  or  corrected  pamphlets  issued  from 
time  to  time  in  the  future,  numbering  them  in  order. 
The  compilation  of  a  chart  showing  the  accidents 
two  or  three  years  ago  as  a  base  and  re- 
duction or  increa.se  by  yearly  quarters  there- 
after, creates  keen  interest  when  blue  print- 
ed, distributed,  and  posted  on  the  various 
jobs  occasionally.  Creating  the  first  chart  is  of  course 
the  most  difficult  and  the  statistician  or  safety  de- 
partment of  your  insurance  company  will  usually 
work  it  out  for  you  or  with  you.  after  which  time  it 
is  not  difficult  to  add  the  results  from  quarter  to 
quarter.  Such  a  chart,  as  for  instance  in  my  own 
case,  is  very  instructive  and  interesting  as  it  shows 
a  fluctuating  increase  over  a  spread  of  three  years 
from  13  to  80  persons,  sometimes  dropping  down,  but 
usually  gaining  (quote  chart).  The  first  quarter  of 
this  year  recently  computed  shows  the  percentage 
of  reduction  as  79  per  cent.  The  computation  of  the 
second  quarter  is  not  quite  completed  on  account  of 
the  season  being  rush  and  at  the  peak  of  the  con- 
struction industry. 

There  are  any  number  of  ideas  which  can  be 
worked  out  to  secure  and  keep  up  the  job's  interest 
in  safety  work  which  develop  as  you  go  along. 

There  is  a  big  psychology  about  the  "safety  bug" 
in  that  the  deeper  you  get  into  it.  the  deeper  you 
want  to  go. 

Accident   Freventinn    Mi-lhiKl>    Kmplo>ccl    l)>     I'rcd   T. 

Ix-y  &  Co. 

Handling      MaterinlH. — Wheelbarrows.       canthooks, 

ropes,  chains,  and  slings,  blocks  and  falls,  scale  boxes, 

dump  and  flat  cars,  derricks,  cranes,  etc..  kept  in  good 


condition  or  discarded  if  unsafe.  Constant  inspec- 
tion made  and  employes  requested  to  report  all  un- 
safe conditions  and  the  use  of  danger  tags  and  faulty 
or  cfindemned  equipment. 

Stout,   sound    runways,   platforms   and   stagings   of 
selected  materiaU  and  safe  construction.     Close  su- 
pervision by  foremen  is  required  in  this  connection. 
Proper  piling  and  placing  of  piles  of  lumber,  brick, 
pipe,  cement,  stone,  tile,  etc. 

Continual  cautioning  by  foremen  against  "fool- 
ing," the  "dropsy  habit,"  "butterfingers"  and  over- 
loads. 

Handling  Tools. —  Heads  of  poor  points,  chisels, 
drills  and  hammering  tools  dressed  and  trimmed 
every  time  points  or  edges  are  sharpened.  Also  care 
in  over  or  under-hardening. 

All  handles  well  wedged  and  supply  of  new  handles 
on  hand. 

All  tools  stored  in  modern  racks  in  tool  houses 
with  heads,  faces,  etc.,  exposed  to  show  condition  and 
need   of   attention. 

Danger  tags  in  tin  half-containers,  conveniently 
placed  in  tool  boxes,  tool  houses,  field  offices,  etc. 

Foremen,  blacksmiths,  and  tool  men  made  responsi- 
ble for  inspection,  repair  and  up-keep  of  all  tools. 

Constant  instruction  and  education  against  care- 
less sawing,  hammering,  use  of  wrenches,  etc..  caus- 
ing injuries  to  hands  and  limbs. 

Bad  or  Broken  Tools. — Every  accident  from  such 
cause  should  be  closely  investigated,  bad  tools  to 
be  especially  called  to  the  superintendent's  and  fore- 
man's attention,  and  poor  tools  being  called  to  the 
purchasing  agent's  attention. 

There  are  many  safety  types  of  tools,  references 
to  which  can  be  secured  from  the  National  Safety 
Council,  and  such  data  should  be  furnished  the  pur- 
chasing agent. 

Tools  showing  inferior  quality  or  defective  mate- 
rial should  be  taken  up  with  the  manufacturer  or 
dealer  from   whom   they   were   purchased. 

Falling  or  Flying  Objects. — Suitable  goggles  pro- 
vided on  every  job.  in  every  tool  box  and  tool  house. 
It  is  well  to  look  over  carefully  the  many  types  of 
goggles  on  the  market  and  secure  the  advice  and  con- 
sultation of  superintendents  and  foremen  before 
buying  in  large  quantities. 

Superintendents  and  foremen  must  be  held  re- 
sponsible for  men  wearing  goggles  when  chipping  or 
drilling  concrete,  stone,  iron,  steel,  etc.  Education, 
preventives  and  sometimes  force  must  be  advanced 
to  the  rank  and  file  on  the  matter  of  goggles  by  the 
foreman. 

Extra  sets  of  chipping  or  drilling  tools  should  be 
provided  on  all  jobs  to  allow  other  sets  being  re- 
paired or  sharpened  and  not  delay  or  hold  up  any 
work. 

Toe  or  skirt  boards,  screens,  etc.,  on  scaflTolds, 
stagings  and  inclining  runways,  where  materials  are 
.stored  temporarily,  prevent  any  men  below  being  hit 
by   falling  objects. 

Chutes  for  rubbish  or  waste  disposal  should  be 
closed  in  all  the  way  and  well  guarded  on  the  ground. 
Poor  or  Broken  StagingH,  Scaffoldii,  and  Bump- 
ways. — Sound  material  of  adequate  strength,  well 
.•"elected  and  constructed,  without  weak  knots,  also  no 
loose   boards. 

Band  rails  or  ropes,  also  screens,  in  addition  to  toe 
and  skirtboards  on  all  exposed  edges  of  s'aging.  scaf- 
folds, runways,  floors  and  elevator  shafts,  openings, 
etc. 

Diagram  made  out  by  foremen  directly  in  charge 
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of  work  on  which  scaffolding,  stagings,  runways,  etc., 
broke  or  caused  accidents  should  be  secured  and  the 
causes  "ascertained"  so  that  all  other  jobs  may  be 
advised  accordingly. 

Lack  of  Toe  Boards,  Rails  and  Screens. — As  this 
heading  has  so  much  in  common  with  poor  or  broken 
stagings,  scaffolds  and  runways,  see  recommendations 
made  under  that  head. 

Impress  on  superintendents,  foremen  and  men  the 
injustice  of  them  usually  injuring  others  than  them- 
selves through  lack  of  foresight  and  care  in  this  re- 
gard. 

Falls  or  Slipping. — Passageways,  floors  and  drive- 
ways, and  working  spaces  should  be  always  kept 
clear  of  waste  or  surplus  material. 

Gates  and  railings  at  elevator  and  hoist  shafts, 
floor  openings,  etc.,  should  be  located  at  least  18  in. 
away  from  openings  to  prevent  persons  leaning,  be- 
ing struck,  or  slipping  through  the  opening. 

Fooling  on  stairways,  ladders,  scaffolds  and  stag- 
ings should  be  cause  for  serious  reprimand  and  dis- 
charge if  necessary. 

Protruding  Nails. — Waste  and  debris  should  be 
kept  cleaned  up  properly  and  disposed  of  through 
rubbish  chutes  or  piled  out  of  the  way. 

Kegs  and  cases  when  opened  should  have  protrud- 
ing nails  withdrawn  or  bent  over. 

Stripped  forms  in  concrete  work  should  be  piled 
clear  of  passageways  as  taken  down  and  protruding 
nails  piled  downward  until  attention  can  be  given 
them. 

Every  man  on  the  job  from  superintendent  to  water 
boy,  should  constantly  turn  over  or  pick  up  loose 
boards  or  planks  with  protruding  nails.  Water  boys 
tool  men,  etc..  can  be  equipped  with  hammers  on  a 
belt  and  constantly  bend  over  or  pull  out  protruding 
nails  lying  about  the  job. 

Under  no  circumstances  allow  an  injury  from  nails 
to  go  unattended  and  make  the  superintendent  and 
foreman  responsible  for  attendance  by  a  doctor  im- 
mediately and  advocate  the  doctor  using  anti-tetanus 
serum  if  at  all  doubtful,  as  lockjaw  cases  are  almost 
hopeless  in  advanced  stages. 

Ladders. — Do  not  allow  ladders  to  be  painted  with 
pigment  or  lead  paint.  Insist  on  new  ladders  being 
treated  with  linseed  oil  and  shellac  so  that  defects 
or  deterioration  will  always  be  visible. 

Discourage  continually  the  use  of  home-made  lad- 
ders and  occasionally  call  for  a  report  from  every 
job  as  to  the  condition  of  all  ladders. 

Co-operation  with  the  Purchasing  Agent  towards 
securing  the  best  possible  materials  in  ladders  and 
even  safety  types  for  certain  kinds  of  work  where 
advisable. 

If  safety  feet  are  used,  be  sure  the  type  purchased 
is  suitable  for  universal  conditions,  such  as  con- 
crete, wet  wooden  floors,  steel  surfaces,  etc.,  as  well 
as  for  use  on  the  grond.  This  is  a  difficult  problem 
and  the  superintendent  and  foreman  should  be  con- 
sulted carefully  on  same. 

Ladders  should  be  well  toed,  braced  or  lashed  to 
prevent  slipping  wherever  advisable,  and  the  safe  an- 
gles of  placing  ladders  should  be  complied  with.  The 
National  Safety  Council  has  recently  issued  a  bul- 
letin showing  safe  angles  for  ladders  of  various 
lengths. 

Ropes,  Chains  and  Cables. — Up  to  date  tables  of 
Piie  loads  at  various  angles  of  slings  for  ropes, 
chains  and  cables,  should  be  furnished  all  superin- 
tendents and  foremen  and  posted  on  bulletin  boards. 
The  tables  shown  in  old  style  engineering  hand- 
books are  now  pronounced  inadequate  by  safety  engi- 


neers  on   account  of  present   day   materials   used   in 
manufacture. 

Coils  or  ropes  should  never  be  stored  near  the  acid 
carboys,  the  fumes  of  which  disintegrate  the  fibre 
without  same  being  visible. 

Purchasing  Agents  should  be  furnished  with  up 
to  date  specifications  on  which  to  buy  hand-made  or 
machine-made  chains.  The  National  Safety  Council 
will  furnish  these  specifications  on  request. 

Caution  superintendents,  foremen  and  men  "to 
stand  from  under  the  load,"  "avoid  kinks,  twists  and 
sudden  jerks,"  "keep  loads  off  point  of  hooks,"  "keep 
cables  well  lubricated,  and  store  away  from  alkalies, 
gases,  fumes,  and  acids." 

Machinery  and  Equipment. — Daily  inspection  by 
foremen,  riggers,  or  some  responsible  person  of  all 
hoisting  apparatus  and  mechanical  equipment  on  the 
job  and  thoiough  overhauling  at  main  equipment 
plant  on  return  from  a  job. 

If  equipment  is  sent  from  one  job  to  another 
thorough  overhauling  or  repairing  should  be  made, 
or  if  same  is  not  practical  all  defects  or  attention 
needed  should  be  marked  with  tags  and  a  memoran- 
dum or  letter  forwarded  to  the  job  where  such  equip- 
ment is  being  sent. 

All  gearings,  keys,  set  screens,  exposed  shafting 
ends,  revolving  projections,  etc.,  should  be  thor- 
oughly enclosed  or  well  guarded  on  hoisting  engines, 
drums,  winches,  mixers,  screens,  steam  shovels,  saws, 
mechanical  clutches,  grinding  wheels,  etc. 

Safety  collars  and  couplings,  headless  set  screws, 
shaft  pulleys  and  clutch  housing,  etc.,  wherever  prac- 
ticable, adequate  grab  handles  and  steps  on  large 
equipment,  such  as  locomotives,  steam  shovels,  cabs, 
cranes,  dump  and  flat  cars,  etc. , 

Correct  guards  on  gage-glasses  and  water  columns. 
This  is  a  serious  problem  as  many  types  of  gage  glass  , 
guards  are  not  practicable  because  they  require  ad- 
ditional holes  in  boilers,  some  of  which  already  have 
too  many  holes,  considerable  expense  and  also  loss 
of  time  while  same  are  being  installed.  Types  of 
gage  glass  guards  are  now  on  the  market  which  can 
be  slipped  on  instantly,  and  do  not  require  any  drill- 
ing of  boilers,  loss  of  time,  and  disuse  of  equipment 
and  master-mechanics,  engineers,  etc.,  take  more 
kindly  to  these  types. 

Cylindrical  or  safety  heads  provided  on  jointers  or 
buzz-planers,  approved  safeguards,  such  as  spread- 
ers, blade  enclosures,  travel  limits,  table  guards, 
pushers,  etc.,  on  all  saws.  (Circular,  spread,  cross- 
cut, overhead,  treadle,  swing,  band,  etc.). 

Hooks  for  large  hoists,  cranes,  derricks,  etc.,  pro- 
\ided  with  handles  on  the  back  and  where  advisable 
with  guards  over  points  of  hooks.  It  is  well  to  con- 
sult with  the  master  mechanic  and  especially  the 
rigger  and  hoisting  men  on  this  matter. 

Pulley  blocks,  whether  wood  or  iron,  should  be 
equipped  with  adequate  side  plates  or  flanges  to  pro- 
tect mesh  points  between  ropes  and  blocks.  Bear- 
ings, pins  and  wheels  should  be  inspected  carefully 
periodically,  as  this  equipment  gets  much  abuse  and 
wear. 

Advocate  thorough  inspection  of  all  mechanical 
equipment  on  rainy  days  when  it  is  likely  some  super- 
intendent, foreman,  mechanic  or  rigger  may  be  idle. 

Small  equipment  might  just  as  well  be  purchased 
with  the  safety  idea  such  as  safety  types  of  gasoline 
cans,  carboy  inclinators,  hammering  tools,  drills, 
bull  points  and  chisels  of  the  best  steel  well  tem- 
pered, etc. 
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MiiicellaneouH. — Adequate  xhorinK  and  excavatinK. 
or  tops  kept  broken  down  to  prevent  cave-inn. 

Appropriate  danifer  .siKH-"*.  taj??*.  and  warning!*.  On 
account  of  men  working  above  or  below,  dangerous 
pa.HMeN.  forbidding  riding  on  elevators,  public  warned 
to  keep  out,  fire  prevention  notices,  occasional  pa- 
triotic bulletins  assisting  the  (lovernment  in  Ameri- 
cimization.  Liberty  Loans.  Thrift  Stamps,  venereal 
diReases,  etc. 

First  cla.s.M  guards  protecting  exposed  electric 
.«iwitche.<«,  wires,  transformers,  etc.,  against  personal 
contact  by  use  of  cabinets,  enclosures,  warning  signs, 
etc. 

Children  and  the  public  being  kept  away  from  con- 
struction work  where  they  have  no  business. 

Fire  prevention  methods,  boilers  safely  housed, 
spark  guards  on  smokestacks,  spark  screens  on  sala- 
manders, tire  e.\tin^'uishers  in  job  ottices,  tool  houses 
and  appropriate  p;irts  of  the  work.  The  National 
Fire  Underwriters'  Association  have  bulletins  you 
can  secure  fire  prevention. 

It  is  surprising  the  number  of  men  disabled  from 
work  through  causes  other  than  accidents.  Sunburn, 
poison  ivy,  bad  drinking  water  causing  dysentery, 
infection  of  boils,  pimples,  etc.,  and  personal  advice 
and  caution  by  superintendents  and  foremen  can  re- 
liuif  this  cause  of  loss  of  time  in  maiiv   instances. 


lUiildinii    Interests   Select  Washinjiton 
Representative 

The  .National  Federation  of  Building  Industries  has 
arranged  with  Mr.  W.  A.  King  of  Washington  to  act 
as  resident  representative  of  the  Federation  for  the 
next  two  months.  Mr.  King  is  very  well  known  in 
building  circles,  being  connected  with  the  National 
Association  of  Builders'  Exchanges  as  their  general 
consul,  and  in  his  law  practice  he  is  recognized  an 
authority  on  many  special  features  relating  to  build- 
ing construction  work  in  general.  Mr.  King  has  en- 
tered upon  the  task  of  his  duties  and  already  has 
on  his  hands  several  important  matters,  the  outcome 
of  which   will   develop   from  time  to  time. 


The  « 1,0(10,000.000  Construction  Program  of  War 
IK-partment. — To  provide  for  the  needs  of  the  Army 
the  construction  division  of  the  War  Department  has 
undertaken  since  April,  1917,  a  total  of  3'2:J  operations, 
and  now  has  in  prospect  lo.'i  more.  The  total  cost  of 
this  program  is  estimated  to  be  $l,083,76tj,198.  To 
the  end  of  August,  93  operations  had  been  completed, 
including  the  camps  and  cantonments.  The  cost  of 
the  finished  operations  was  $277, 74.5, 8-17.  Additions 
and  alterations  of  minor  character  are  not  figured  as 
"jobs."  There  are  now  under  construction  2C6  jobs, 
which  will  represent  a  cost  approximating  $636,8.58,- 
351.  Practically  all  of  the  work  now  under  construc- 
tion will  be  finished  by  Jan.  1,  1919.  However,  some 
of  the  larger  jobs,  which  are  of  a  permanent  nature, 
will  not  be  completed  until  October,  1919.  Included 
in  the  present  construction  are  the  development  of 
eight  port  terminals  at  a  cost  of  approximately  $1.50,- 
000,000.  One  of  these,  the  Brooklyn  Army  supply 
base,  estimated  to  co.st  $40,00(»,000,  will  have  the 
largest  warehouses  in  the  world.  The  other  ter- 
minals in  the  course  of  construction  are:  South  Bos- 
ton, Mass.,  which  is  estimated  to  cost  $28,000,000; 
New  Orleans,  I,a.,  $10,000,000;  Charleston,  S.  C,  $2.5,- 
000.000;  Norfolk.  Va.,  $20,000,00(1;  Philadelphia,  Pa., 
$15,000,000;  .Newark.  .N.  J.,  $1o.(mio.()(M)  ;  Newport 
.New.s,    Va..   about   $5,000,000. 


Construction  Features  of  Con- 
crete .Ships 

In  a  paper  presented  at  the  last  annual  meeting 
of  the  American  Concrete  Institute,  Rudolph  J.  Wig 
and  S.  C.  Hollister,  respectively  Chief  Engineer  and 
Engineer  of  Design  of  the  Concrete  Ship  Depart- 
ment of  the  F'mergency  Fleet  Corporation,  outlined 
the  progress  made  by  their  department  in  its  studies 
of  the  problems  of  concrete  ship  con.struction.  An 
abstract  of  the  paper  follows: 

The  Concrete. — The  concrete  must  be  durable  and 
impermeable  to  water;  it  must  have  a  compressive 
strength  of  at  least  4,000  lb.  per  square  inch  at  28 
days,  and  a  minimum  weight.  To  meet  these  condi- 
tions we  have  determined  upon  the  use  of  a  rich 
mortar  mixture.  Any  standard  portland  cement 
which  will  meet  the  specifications  of  the  L'nited 
States  (Jovernment  may  be  used,  provided  the  fine- 
ness is  increased  so  that  at  least  90  per  cent  will 
pass  a  No.  200  sieve.  For  the  present  the  maximum- 
size  aggregate  is  limited  to  '  j  in.  A  sand  and  gravel 
or  a  volcanic  ash  or  specially  burned  clay  may  be 
used. 

The  commercial  future  of  the  concrete  ships  is  in 
large  measure  dependent  upon  obtaining  a  light- 
weight concrete.  The  strength  and  weight  of  one 
of  these  mixtures  which  meets  our  requirements  is 
as  follows:  1  part  cement,  to  1  part  special  fused 
clay  below  '  j-in.  size  to  2  parts  same  aggregate  be- 
tween '  I  and  '  2-in.  size,  had  a  compressive  strength 
of  3,380  lb.  per  square  inch  at  7  days  and  4.350  lb. 
per  square  inch  at  28  days.  It  weighed  106  lb.  per 
cubic  foot  in  a  saturated  condition.  With  the  use 
of  this  material  the  ratio  of  the  dead-weight  to  total 
displacement  will  be  62  per  cent  for  the  3.500-ton 
ship  as  compared  with  65  to  68  per  cent  for  a  steel 
ship  and  53  per  cent  for  a  wood  ship.  No  integral 
waterproofing  compounds  of  any  kind  will  be  used 
in  the  mixtures. 

Reinforcing  Steel. — Reinforcing  steel  which  we 
are  using,  other  than  fabric,  is  of  rods  or  bars  rolled 
from  new  bi'.lets  to  conform  to  the  American  Society 
for  Te.sting  Materials  standard  specifications  for 
structural  grade  new  billet  steel.  Plain  round  bars 
will  be  much  easier  to  fabricate  than  deformed  bars, 
but  on  account  of  the  uncertainty  of  the  effect  of 
reversal  of  stress  we  are  using  deformed  bars  wher- 
ever the  bond  stress  is  high.  The  accurate  bending 
of  the  reinforcing  is  one  of  the  most  difficult  of  all 
the  construction  problems.  With  a  wall  thick- 
ness of  only  3'.;  to  4  in.,  and  two  to  three 
layers  of  steel,  need  for  accurate  bending  of  the 
steel  can  be  readily  appreciated.  Furthermore, 
the  curvature  is  constantly  changing  forward 
and  aft  in  the  vessel,  which  requires  constant  change 
in  the  location  of  the  dogs  on  the  bending  table.  The 
use  of  small  steel  is  recommended,  in  that  it  is  easier 
to  spring  into  place  if  the  bending  is  not  accurately 
don''. 

With  a  very  large  quantity  of  steel,  approximately 
equivalent  to  10  per  cent  of  the  carrying  capacity 
of  the  ship,  to  be  placed  in  a  very  small  space  in 
thin  walls,  there  is  much  opportunity  for  the  devel- 
mcnt  of  ingenious  methods  of  fabricating  the  steel. 
Undoubtedly,  much  time  can  be  save<l  by  prefabri- 
c-'ting,  I't  leiist  in  part,  the  steel  of  the  frames  and 
placing  them  in  the  ship  as  units.  These  frames  may 
be  as  much  as  54  ft.  in  width  and  35  ft.  in  heiirht. 
•■'id   thev    must    be  accurate  to   within   a    fract  on   of 
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an  inch.  Through  a  length  of  60  per  cent  of  the  ship  Another  possibly  disintegrating  element  which  may 
the  shape  of  these  frames  is  constantly  changing.  have  great  importance  is  the  effect  of  constant  re- 
All  the  steel  must  be  supported  and  secured  so  that  versal  of  stress,  as  the  ship  alternately  is  subjected 
it  will  not  touch  the  form  surface.  Numerous  meth-  to  hogging  and  sagging  stresses  in  a  heavy  sea.  Our 
ods  have  been  suggested,  and  there  are  a  number  of  allowable  steel  stresses  are  such  as  to  cause  the  con- 
chairs  now  on  the  market  for  supporting  steel,  but  crete  to  crack.  No  trouble  from  chemical  disintegra- 
all  of  them  have  objectionable  features.  tion  is  anticipated  except  as  the  hull  may  be  seriously 
A  study  has  been  made  of  welding  methods  and  abraded.  Sugar  and  certain  vegetable  oils,  such  as 
machines' as  a  means  of  avoiding  the  lapping  of  the  the  cocoanut  and  peanut  oil,  will  disintegrate  the 
steel.  The  acetylene  weld  is  rather  uncertain  and  concrete  if  it  is  exposed  for  an  appreciable  length 
not  satisfactory!  The  electric  resistance  weld  ap-  of  time.  If  the  ships  are  to  be  used  in  this  class  of 
pears  to.be  the  most  promising  and  several  machines  trade,  a  protective  paint  coating  should  be  applied 
of  this  type  have  been   ordered  and   are  now  being  to  the  inner  surface  of  the  hull. 

tried   out.     It   is   not  anticipated  that    welding    any  The   Concrete   Ship   Department  estimates   the   life 

steel   other  than   the   main   steel   of  the   frames   and  of  the  concrete  ship  without  any  special  protection  at 

possibly  the  main  longitudinal  steel  will  be  required,  several  years,  and  known  methods  which  can  now  be 

Mixing  and    Placing   Concrete. — Rich   mortar  mix-  applied  should  extend  the   life  several  years  longer, 

tures  will  be  used,  and  they  must  be  carefully  pro-  it  believes  adequate  protection  will   be  developed  to 

portioned  and  mixed  in  order  to  insure  the  quality  insure  reasonably  permanent  life  to  the  concrete  ship, 

of  concrete   necessary.     Special   attention   should   be  -pj^^  economy  of  the  concrete  ship  cannot  be  deter- 

given  to  the  selection  of  the  mixer,  as  all  mixers  of  mined  until  we  have  had  experience  over  a  term  of 

common  types  will  not  thoroughly  mix  mortars.     The  years.     The   estimated   cost   of  the   concrete   ship   at 

concrete   should   not  be  transported  from  the  mixer  "^^e  present  time  is  approximately  $125  per  ton  dead 

and  deposited  directly  into  the  forms  in  continuous  weight.    The  cost  of  a  steel  ship  averages  about  $200 

operation    or    in    large    batches,    on    account    of   the  pgj.  ^^jj^  r^y^^  ^hat  of  a  wood  ship,  $165  per  ton  dead 

danger  of  not  having  it  thoroughly  worked  into  place  weight. 

about  the  reinforcing  steel.  For  the  present  it  is  j°  .^^^^  coatings  can  be  developed  to  prevent  de- 
required  that  all  concrete  shall  be  shoveled  into  the  tg^joration,  the  concrete  ship  should  be  a  competitor 
forms  in  order  to  insure  its  deposit  in  small  batches  ^^^  ^^^  ^^^^j  ^^.^  ^.^-^  further  experience  it  is  be- 
and  Its  thorough  working  into  place.  ,5^^.^^  ^^^  weight  of  the  concrete  can  be  very  ma- 
It  is  preferable  to  place  the  concrete  as  one  con-  ^^^^,.^jj^.  ^^^^^^^^  ^^^^  ^.^j^ing  the  cargo  capacity 
tinuous  operation  in  order  to  avoid  constructioiv  ^^^^.^  -^^^^^^^  ^  ,  ^^  ^^,^^  ^^  ^^^  ^^^^j  ^^-^ 
joints.     This  will   require   approximately  three   days 

(of  24  hours  each)  for  a  3,500-ton  ship  and  six  days  

for  a  7,500-ton  ship.  No  trouble  is  anticipated  in  ^_„.  r  o<-,,^^«  trj^Jol,  fr^^  r'.r»«^^.4-^  ITrwuco 
working  the  concrete  thoroughly  around  and  through  CoSt  of  StUCCO  Fmish  for  Concrete  HoUSe 
the  reinforcing.  The  rich  mortar  mixture  proposed  Data  on  the  stucco  finish  for  the  walls  of  a  con- 
is  quite  fluid,  even  though  it  is  not  mixed  to  a  wet  crete  house  built  in  1917  in  Darien,  Conn.,  are  given 
consistency,  and  with  a  slight  tapping  of  the  forms  as  follows  by  Mr.  M.  D.  Morrill  in  Concrete: 
it  settles  readily  into  place  about  the  steel.  A  num-  jYie  stucco  finish  was  put  on  in  a  single  coat  about 
her  of  test  panels  have  been  made,  and  the  results  x^  [^  thick,  applied  with  a  plasterer's  trowel.  The 
in  all  cases  have  been  entirely  satisfactory.  It  is  walls  were  not  wet  down,  but  all  dry  dust  was  re- 
very  different  to  make  a  construction  joint  in  a  sec-  moved.  The  wall  surface  was  left  smooth  by  the 
tion  in  which  is  embedded  a  large  quantity  of  steel,  steel  forms,  and  it  was  at  first  questioned  if  there 
Most  leakage  troubles  occur  at  construction  joints,  was  not  danger  that  this  thin  coat  of  stucco  would 
The  uncertainty  of  the  bond  obtained  at  construe-  eventually  peel  off.  Experience,  however,  seems  to 
tion  joints  is  also  objectionable  on  account  of  the  prove  the  contrary,  and  on  a  considerable  number 
large  shear  stresses.  Several  mechanical  methods  ^f  buildings  finished  in  this  way  six  years  ago  there 
of  placing  mortar  and  concrete  have  received  con-  jg  no  sign  of  the  separation  of  the  stucco.  It  appears 
sideration,  but  the  results  of  investigations  do  not  t^  ^e  a  permanent  as  well  as  a  rather  inexpensive 
up  to  the  present  warrant  their  use.  way  to  finish  these  steel  molded  concrete  walls.  After 
Durability  of  a  Concrete  Ship? — If  durability  is  to  this  stucco  was  troweled  on  and  had  been  allowed 
be  obtained,  special  attention  must  be  given  to  many  to  .stand  a  few  minutes,  the  surface  was  gone  over 
elements  of  the  ship.  The  most  serious  problem  is  lightly  with  a  cork  float.  A  little  water  was  thrown 
to  provide  means  of  adequately  protecting  the  steel  ^n  with  a  brush,  as  needed,  while  the  surface  was 
from  corrosion.     There   is   a   large   quantity   of  steel  being  floated. 

embedded  in  the  concrete  and  much  of  it  cannot  be  j^^  ^^^^^.  ^^  ^^^  ^^  ^^^  ^^^^^  ^^^^  ^f  ^^^^  ^j^U  fl^jgh, 

covered  by  more  than  -^s  in.  of  mortar.     This  of  it-  ^^^  ^^^^  ^^^  material  used  on  finishing  a  surface  of 

self  will  not  protect  the  concrete,  particularly  in  the  ^^g  sq.   vd.   was  kept,  no   allowance  being  made  for 

interior  and  in  the  upper  portions  of  the  hull.    There  openings 

are  two  means  of  allaying,  if  not  wholly  preventing,  '                                                  ,^   ^^  „„„„„„ 

,,                        .             j^    4.U          i      1         rpu          (.      1     ™          i,„           I  L.VBOR  AND  MATER1.\L,   142  SQ.   YD.   OF  STUCCO. 

the   corrosion   of  the   steel.     The   steel   may  be   gal- 

,  ■    i     1         -ii  J.      i-  J'  y.  day.  3  masons,  at  $4. SO  for  S  hours $7.20 

vanized    or    painted    with    some    protecting  medium      ^|  day,  2  helpers,  at  $3.oo  for  s  hours 3.00 

which    will    not    appreciably  aflfect    the  bond,  or  the      >a  day.  2  carpenters,  at  ?4.50,  scaftowing ■'•■'O 

concrete   may    be   coated   with    some   thoroughly    im-  Total  labor  ^$h.to 

pervious  membrane  which  will  prevent  both  air  and  f  ^.'^,';  sff^^"*s^nd*arV3'.oo .'I! !."!.' ^^'..i.^.'i^ii.'i.'.'.'.'.'.'.'.'i'lioo 

water  from  reaching  the  steel.     A  large  number  of  ,       ,    .  ,  .c  1,0 

,       ^  ,      .  J  J     •*.    ■  -4.  -ui       u    4.U  Tola  I   materials    $6.82 

tests  are  being  made,   and  it  is  quite  possible  both  

methods  of  protection  will  be  tried.     The  results  are  ''"°'"'    $21.5- 

promising    and    a    satisfactory    protection    should    be  The  total  cost   of   finishing  these   walls   was   thus 

developed.  between  15  ct.  and  16  ct.  per  square  yard. 
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ProportioninjJ   Mortars   and   Con- 
cretes  by  Surface   Areas 
of  Aggregates 

The  subject  of  proportiiMiiiit;  atfregntes  for  con- 
cretes and  mortars  is  discussed  from  u  new  point  of 
view  in  a  paper  presented  at  the  last  annual  meetinK 
of  the  AnuTican  Society  for  Testing  Materials  by 
Llewellyn  N.  Kdwards,  supervisinjf  engineer  of 
bridjs'e  of  the  Department  of  Works,  of  Toronto. 
Ont.  Mr.  Kdwards  has  developed  a  method  (»f 
proportioning'    which    assumes   as    its    basic    principle 
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that  strength,  hardness,  etc.,  of  concrete  and  mortars 
are  primarily  dependent  upon  the  relation  of  the  vol- 
ume of  cementing  material  to  the  surface  area  of  the 
aKfirrcgatc.  His  paper,  an  abstract  of  which  is  given 
below,  had  for  its  f.bjects  the  following:  ( 1  )  To  de- 
velop information  relating  to  the  average  surface 
area  of  sand  and  stone  aggregates;  (.2)  to  describe  the 
method."*  and  materials  used,  the  results  obtained,  and 
the  phenomena  observed  in  a  series  of  experimental 
tests  undertaken  to  develop  the  practical  application 
and  efTu-iency  f)f  the  method. 

The  results  obtained  from  the  tests  are  summarized 
in  the  paper  as  follows : 

1.  That  with  materials  of  uniform  i|uality  this 
method    provides    n    means    of    securing    uniformly 


strong  mortars  and  concretes  from  sand  aK^rearatcs  of 
varying  granulometric  composition. 

2.  That  the  strengths  of  mortars  are  dependent  upon 
(1>  the  «iuantity  of  cement  in  relation  to  the  surface 
areas  of  the  aggregates,  and  (2)  the  consistency  of 
the  mix. 

3.  That  the  strengths  of  mortars  of  uniform  con- 
sistency containing  sand  aggregates  of  varying  granu- 
lometric composition  are  directly  proportional  to  the 
quantity  of  cement  they  contain  in  relation  to  the  sur- 
face area  of  the  aggregate. 

Practical  .Application  of  the  Surface  .Area  .Method. — 
The  adaptation  of  the  surface-area  method  of  propor- 
tioning mortars  and  concretes  to  both  laboratory  in- 
vestigations and  to  field  construction  operations  pre- 
sents no  serious  difficulties.  The  outstanding  feature 
of  this  method,  in  so  far  as  its  practical  application  is 
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'Surface   Area   (iq.   (t.)   Corresponding   to   Varlo 
o<    Sand    Aggregate    (lb.). 


concerned,  is  the  importance  of  knowing  the  granulo- 
metric composition  of  the  aggregates.  It  must  be  ad- 
mitted that  the  securing  of  this  all-important  in- 
formation involves  a  comparatively  small  amount  of 
labor,  and  by  way  of  eijuipment  the  use  of  only  the 
necessary  scales,  standard  sieves  and  screens.  The 
time  element  involved  is  comparatively  negligible, 
since  the  computation  work  of  determining  areas  and 
•lunntities  of  cement  can  be  largely  reduced  to  the 
most  simple  mathematical  operations  by  the  use  of 
tables  and  diagrams.  For  use  in  the  laboratory  and 
in  the  field,  diagrams  drawn  to  a  large  scale  increase 
accuracy  and  reduce  labor. 

Figs.  1  and  2  arc  designed  for  use  in  determining 
the  surface  areas  of  sand  aggregate.  The  former  is 
intended  for  laboratory  uses  and  the  latter  for  both 
laboratory  and  field  use.  These  diagrams  are  derived 
from  computations  made  by  Mr.  Edwards.  Fig.  3  ia 
t'.esigneil  for  use  in  determining  the  surface  area  of 
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stone  aggi'egate  and  is  intended  for  both  field  and 
laboratory  use.  Fig.  4  is  a  conversion  diagram  for 
determining  the  relative  quantity  of  cement  in  pounds 
per  100  lbs.  of  sand  from  the  corresponding  relation 
of  cement  in  grams  to  the  surface  area  of  1,000  g. 
of  sand  and  vice  versa. 
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Use  of  Diagrams. — The  following  examples  explain 
the  method  of  using  the  diagrams  shown  in  Figs.  1 
to  4,  inclusive: 

Example  No.  1. — Hei-iuii'ed  to  find  the  composition  of  a  batch  of 
mortar   using-   1.000   s'-    of   .sant!    A   and   a    cement    content    propoi - 
tioned:     1   s.   cement  to  15  sq.  in.   sand  area. 
SAND  AREA. 


Si^ 


15.0 

P    S-R  10     5.0 

P  10-R  20     2r,.o 

P20-k:;o    15. o 

P  30-R  40     15.0 

P  40-R  50     10.0 

P50-R80    10.0 

P  ,SO-R  100     fi.O 


Grading, 

per  cent.  Weiglit.  i 


Totals 


Cement    fg.)  ■■ 


150 
150 
100 
100 


Area 

(Fig.  21 

sq.  in. 

142 


992 

1,34S 

932 


5S5B 


Water  (cc.)  =.;  300.5  X  22.2.",%    (normal  consistency)  1-  ^ =  115. 

I  J        210 

Example  No.  2. — Required  to  find  the  composition  of  a  baton 
of  concrete  using  100  lb.  of  sand  A.  200  lb.  of  broken  stone 
(graded  as  shown  below,  and  a  cement  content  proportioned:  1  g. 
cement  to   15  sq.  in.  aggregate  area. 

The    area   of    the    sand    aggi'egate    is   determined    as    shown    in 


Example    No.    1    except    that    Fig.    22    is 

area    Isq-    ft.)  =  1.S45    sr|.    ft.    per   100   lb. 

STONE    AREA. 


used,    therefore:      Sa?id 


Area 

ading. 

(Fig.  23 

r  cent. 

Weight,  lb. 

sq.  ft. 

0.0 

120 

60.0 

PI       in.-R     ■■•4  ni 25.0  .'.0  41.5 

P    %  m.-R    %  in 10.0  20  24.5 

P    Vi  in.-R    14  in 5.0  10  16.0 

Totals     100  0  20:1  151.0 

Total  area  of  aggregates  =  1,996  sq.  ft. 
(Vment    1  lb. )=  19.96  x  2.11    (Fig.    24)  =  42.12    lb. 

Practical  Limitations. — It  is  especially  important  to 
note  that  in  its  application  the  surface-area  method  of 
proportioning  admits  of  certain  physical  limitations. 
The  more  important  of  these  are: 

Effect  of  Dust. — The  effect  upon  the  physical  prop- 
erties of  mortars  and  concretes  of  a  sandy  "dust" 
passing  a  No.  100  sieve  is  not  definitely  known.  The 
main  feature  to  be  considered  in  this  connection  is  the 
relation  of  the  sizes  of  the  "dust"  particles  to  the 
sizes  of  the  cement  particles.  A  microscopic  examina- 
tion of  the  cement  used  in  the  tests  described  in  this 
paper  showed  the  sizes  of  the  greater  portion  of  the 
cement  particles  to  range  from  1.5  to  3.3  ^}  in  their 
largest  dimensions  with  an  average  dimension  of  ap- 
proximately 

1 

2.2  ,1.,  that  is, in.    Some  of  the  larger  particles 

11,540 
measured  ranged  in  size  up  to  6.7  /.i. 

Disregarding  entirely  the  effect  of  the  surface  ten- 
sion of  the  water  used  in  the  mix,  it  is  reasonable  to 
assume  that  the  particles  of  dust  do  not  become 
"coated"  with  cement  paste,  but  that  instead  they  be- 
come linked  to  adjoining  particles  of  aggregate  by  one 
or  more  separate  cement  bonds.  Doubtless  the  co- 
hesion existing  betwen  particles  of  cement  is  greater 
than  the  adhesion  existing  between  these  particles 
and  the  particles  of  dust  or  other  aggregate.     It  fol- 


Surfact  Area  of  lOOOg  of  S 


Fig.    4 — Vi^eights   of    Cement    (lb.)    per    100    lb.    of    Sand    Aggregate 

Corresponding   to   Various    Surface    Areas    per   1.000   g.    of 

Sand    Aggregate    and    Various    Proportions    of 

Cement   to    Surface    Area. 

lows,  therefore,  that  the  strength  of  the  mass  must  be 
somewhat  weakened  by  the  inclusion  of  dust  in  the 
aggregate. 

Laboratory  vs.  Field. — The  most  important  differ- 
ence between  the  preparation  of  mortars  in  the  lab- 
oratory and  the  field  is  found  in  the  methods  of  mix- 
ing. In  the  laboratory  the  operator  submits  the  mix 
to  a  thorough  kneading  and  squeezing  which  forces 
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the  component  materials  into  the  clo«e«t  possible  eon- 
tact  with  each  other.  In  the  field  the  mixinjr  and  fre- 
quently much  of  the  work  of  transporting  and  placing 
tends  to  separate  and  break  up  rather  than  to  kneud 
and  compact  the  mortar  mass. 

Field  construction  conditions  are  never  ideal,  even 
when  carried  on  under  the  must  careful  supervision. 
In  consequence,  the  strengths  and  other  physical 
properties  of  tield-made  nmrtars  and  concretes  fre- 
quently differ  widely  froni  the  results  obtained  by 
tests  made  in  the  labnratory.  in  accordance  with 
standard  laboratory  practice,  with  the  object  of  ob- 
taining' a  measure  of  the  constructive  value  of  the 
materials. 

Coarse  vs.  Fine  Sands. — Mortars  in  which  the  sand 
ajftf^K"*'?  contains  a  comparatively  large  proportion 
of  coarse  particles  are  subject,  during  mixing  and 
placing  operations  in  the  field,  to  an  intensified  move- 
ment of  the  water  content  which  tends  to  produce  an 
improper  distribution  of  the  cement.  This  condition 
is  most  noticeable  in  concreting  operations. 

When  mixed  to  "normal"  consistency,  so-called 
well-graded  sands  do  not  produce  mortars  which  are 
as  "workable"  as  those  in  which  the  sand  aggregate 
contains  larger  percentages  of  smaller  sized  particles. 

As  ccmipared  with  mortars  containing  well-graded 
iand  aggregate,  mortars  containing  agregates  com- 
posed entirely  of  fine  particles  must  be  subjected  to  a 
greater  amount  of  mixing  in  order  to  secure  a  uniform 
distribution  of  the  cement  by  a  thorough  abrasion 
which  will  separate  the  fine  particles  of  aggregate 
tending  to  cling  together. 

Wet  vs.  Dr>-  Sand. — The  amount  of  moisture  exist- 
ing in  the  sand  aggregate  constitutes  one  of  the  most 
commonly  disregarded  sources  of  variation  in  the 
strength  of  field-made  mortars  and  concretes.  Vari- 
ous tests  have  shov.  n  that  the  .surface  tension  of  the 
water  film  enveloping  the  sand  particles  holds  the 
particles  apart,  thus  producing  a  decided  increase  in 
the  gross  volume.  Sands  made  up  of  fine  particles, 
and  in  consequence  having  greater  surface  area,  in- 
crease more  in  volume  than  coarse  sands.  It  is  evi- 
dent that  a  disregard  for  this  important  factor  may 
produce  materials  the  ultimate  strengths  of  which  are 
quite  different  from  those  contemplated  in  the  design. 

Conclusions. — From  a  careful  consideration  of  the 
results  obtained  and  of  the  phenomena  observed  in 
the  tests  the  following  conclusions  appear  to  be  war- 
ranted: 

1.  The  claim  that  the  surface-area  method  of  pro- 
portioning the  cement  content  of  mortars  and  of  con- 
cretes is  essentially  scifntific  and  rational  is  proven 
by  the  uniformity  of  results  obtained  in  comparative 
strength  tests  of  mortars  and  concretes  and  by  the 
phei'omena  observed  in  these  tests. 

2.  With  a  given  uniform  proportion  of  cement  ii; 
relation  to  the  surface  areas  involved,  this  method 
provides  a  definite  and  practical  means  of  comparing 
the  relative  strength-producing  qualities  of  aggre- 
gates of  varying  physical,  chemical  and  mechanical 
properties. 

:{.  This  method  provides  a  means  for  a  more  thor- 
ough investigation  of  the  functions  of  sand  and  stone 
aggregates  and  for  a  more  crimplete  development  of 
the  true  values  of  all  the  component  materials  of  mor- 
tars and  concretes. 

4.  Excess  water  in  an  over-saturated  mortar  or 
concrete  mix  exerts  a  decidedly  weakening  effect  upon 
the  cement  matrix  by  prmlucing  a  change  in  the 
physical  structure  of  the  matrix  which  tends  to  de- 
Rtrov   the  cohesion   between   the   particles   of   cemen* 


and  the  adhesion  existing  between  the  cement  and  the 
aggregate. 

."i.  In  a  normal  consistency  mortar  the  relation  of 
the  area  of  the  particles  of  the  sand  aggregate  to  tht 
cement  content  of  the  mix  determines  the  strength  of 
the  mortar,  provided  the  strength  of  the  sand  material 
is  grcMter  than  that  of  the  cement  matrix.  A  similar 
condition  applies  to  concrete  mixes  not  over-saturated. 

6.  The  strengths  of  mortars  containing  a  given 
cement  and  sand  but  varying  for  the  different  mixes 
in  the  proportions  of  these  ingredients,  are  directly 
proportional  to  the  relation  existing  betwi-i-n  the 
cement  content  and  the  surface  area  of  the  aggregate. 
It  follows,  therefore,  that  the  strength  of  a  mortar  of 
given  mix  being  known,  the  mix  of  a  mortar  having  a 
desired  strength  can  be  pre-determined  for  the  same 
materials. 

7.  The  (|uantity  of  water  required  to  produce  "nor- 
mal," uniform  consistency  mortars  from  a  given 
cement  combined  in  varying  proportions  with  sands 
having  the  some  origin  but  varying  in  their  granulo- 
metric  composition,  is  a  function  of  the  water  required 
to  reduce  the  cement  to  a  "normal"  paste  and  the 
surfac  area  of  the  sand  particles  to  be  wetted. 

8.  The  increase  of  volume  due  to  the  mingling  of 
\arying  (|uantities  of  cement  particles  with  a  uniform 
quantity  of  a  given  sand  bears  no  apparent  relation  to 
and  is  evidently  not  dependent  upon  the  void  in  the 
sand. 

9.  The  tests  indicate  a  probable  definite  relation 
between  the  ultimate  compressive  strength  of  the 
mortar  content  and  the  ultimate  compressive  strength 
of  the  concrete  when  the  test  specimens  of  the  former 
are  produced  from  mortar  of  the  same  mix  and  con- 
sistency as  that  used  in  the  concrete. 


State  Councils  of  Defense  to  Pass  on  \e\v 
Building  Work 

State  Councils  of  Defense  will  act  as  representa- 
tives of  the  War  Industries  Board  in  passing  upon 
proposed  building  construction.  The  procedure  will 
be  as  follows : 

The  person  interested  in  a  construction  project  will 
apply,  with  a  full  statement  of  the  facts  under  oath, 
to  the  appropriate  local  representative  of  the  State 
Council  of  Defense. 

The  local  representative  of  the  State  Council  will 
then  investigate  the  necessity  of  the  proposed  con- 
struction and  transmit  its  recommendation,  with  a 
summary  of  the  facts,  to  the  State  Council  for  review. 

The  State  Council,  of  its  appropriate  committee, 
will  review  the  case. 

If  the  State  Council  decides  in  favor  of  the  con- 
struction, it  will  at  once  send  its  recommendation, 
with  ii  full  statement  of  all  the  facts,  to  the  nonwar 
construction  section  of  the  Priorities  Division  of  the 
War  Industries  Board.  The  nonwar  construction  sec- 
tion will  then  grant  or  withhold  the  permit  and  notify 
the  State  Council  of  Defense  and  also  the  individual 
loncerned  of  its  action. 

If  the  .^tate  Council  decides  against  the  proposed 
construction,  it  will  notify  the  person  concerned  that 
his  project  has  been  disapproved. 

The  State  Council  will  report  monthly  to  the  non- 
war  construction  section  all  applications  submitted 
to  it,  including  those  decided  adversely. 

The  War  Industries  Board  will  inform  all  persons 
applying  directly  to  it  that  they  must  first  take  up 
their  projects  with  the  appropriate  local  representa- 
tive of  the  State  Council  of  Defense. 
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Electric   Welding  as    Applied   to  ,                                                     ^"^SS^. 

^,  1      o  I    •  ^  •  Joints  of  fore  and  aft  plating  1«0% 

Steel  Ship  Construction  ^>^^^^^^::!:X^^-Zt^^^^'  ■. Ht 

In  March  of  this  year  the  Emergency  Fleet  Corpo-      ^"'IV^  roint?  in  ^Tnp^csslon^;  fo'oV^.Xrfncy. '"'' 

ration   appointed   a   special   committee  to   investigate 

and  advise  the  corporation  on  the  status  of  the  art  of  -^'P*^  "^  Joints.— In  the  fore  and  aft  plating,  butt 
electric  welding  and  its  possible  employment  in  has-  °'^^''^P  J^"^^*^  ^^'^  "^^^  ^'^h  one  full  butt  weld  and  two 
tening  the  completion  of  the  steel  ship  program.  An  ^"'^  '^^'^^  welds.  These  are  relatively  few  in  number 
interesting  description  of  the  work  of  the  committee  ^"^  ^^°^'^  '"  length  and  care  will  be  taken  to  employ 
was  printed  in  a  special  supplement  of  "Nauticus,"  °"^^'  ^^^  ^^'^^  welders  on  them.  The  butts  of  the  trans- 
from  which  the  matter  following  is  abstracted  •  '^^''^^  plating  are  all  formed  with  one  full  butt  weld 
General  Features  of  Proposed  Electrically  Welded  "^"f  ^7  foundation  fillet  welds  reinforced  at  inter- 
Cargo  Steamer.-The  type  of  vessel  selected  by  the  it''  ^"  ^T"  f  ?'"■  m"?  '"''if ^'  '^^^^^^^^  '^  ^^^ 
Electric  Welding  Committee  is  one  which  the  Emer-  ''"""  considered  advisable  to  allow  for  an  average 
gency  Fleet  Corporation  has  already  approved,  up-  ^^'^'^"'^y  "^  '^ss  than  100  per  cent, 
wards  of  100  steamers  of  this  standard  type  being  ^^^  scantlings  of  frames,  beams,  floors  and  other 
contracted  for  in  various  parts  of  the  country.  In  ^°^^'  members  have  been  determined  in  order  to  pro- 
adopting  this  type  the  committee  were  guided  by  the  ^'de  the  same  standard  of  strength  as  in  a  riveted 
policy  of  avoiding  freakishness  of  design  at  the  out-  ^^^^-  Throughout,  the  types  of  joints  have  been  de- 
set,  but  rather  to  follow  an  orthodox  form  which  had  termined  with  due  regard  to  their  importance  and  the 
proved  suited  for  the  purpose  intended,  with  the  ac-  "^ture  of  the  stress  to  which  they  will  be  subjected, 
cepted  arrangements  as  to  propulsive  machinery,  aux-  ^"  ^'^  "^^^^^^  where  a  plate  is  connected  at  right  angles 
iliaries,  equipment  details,  berthing  accommodations,  *°  another  unsupported  plate,  a  bearing  strip  is  intro- 
etc.  The  conservative  policy  has  the  further  advan-  '^"^'^'^  '"  °''de''  to  distribute  the  thrust  and  reduce  the 
tage  of  affording  an  immediate  and  direct  comparison  tendency  to  fatigue.  These  bearing  strips  are  3  in. 
between  welding  and  riveting,  with  an  established  ''^''"^'  "^  ^^'^  ^''^'^'^  thickness  as  the  unsupported  plate 
type  of  ship  already  familiar  to  the  shipping  public  ^"^  ^^^  ^P°*  welded  to  the  plate  before  erection, 
and  the  engineering  profession.  Bearing  strips  are  not  fitted  where  the  plates  are 
rp.  „  i„   J-       J-           •           J-  J.I.-      i      J     J            1  backed  in  cruciform. 

1  he  leading  dimensions  of  this  standard  vessel  are:  rr,,„  ,„„■  ,  •  j  i  j 
Length  between  perpendiculars,  401  ft.;  breadth,  54  ^^^  designing  work  was  carried  out  under  great 
ft.;  depth,  32  ft.'lO  in.  There  are  two  decks,  with  L^Hon'nVd^t  •/'  expected  that  fur  her  simphfi- 
poop,  bridge  and  forecastle  and  the  usual  top  hkmper  Z'Z  Lu  \  '  J  T  ''f  sl'ght  modifications  o 
with  deck  gear  and  cargo-handling  appliances.  Tak-  fT. V  J  "  T  l  I""'  "[^^  "*'  ™^'"  l^'!i  1 
ing,  therefore,  this  type  as  a  basis,  the  saving  in  .steel  J'^vptin^"  t  "'^  by  the  welding  process  instead  of 
due  to  a  redistribution  of  the  material  and  the  substi-  ^'  "^"^'"^'  ''^  translated  into  concrete  reality, 
tution  of  welded  for  riveted  joints,  gives  the  welded  Method  of  Assembling  Welded  Ships. — The  ele- 
ship  500  tons  more  cargo  capacity  on  the  same  draft  nients  of  design  outlined  in  the  preceding  paragraphs 
than  is  obtainable  with  the  identical  ship  as  at  pres-  can  be  fully  understood  only  by  reference  to  the  pro- 
ent  being  built.  Further,  the  parts  which  might  be  Posed  system  of  assembling  complete  6-ft.  welded  sec- 
termed  the  vital  members  of  the  structure,  have  been  tions,  length  to  length,  into  one  complete  vessel,  which 
made  heavier  and  stronger  than  in  the  riveted  ship  marks  a  radical  departure  from  any  system  now  in  ex- 
and  the  thickness  of  the  transverse  plating  on  the  bot-  istence.  The  proposal  involves  completing  each  6-ft. 
tom.  sides,  inner  bottom  and  decks  has  been  deter-  section  each  8-hour  day  which,  with  a  10  per  cent 
mined  mainly  from  local  condition  of  water  pressure,  margin  for  unforeseen  circumstances,  would  allow  of 
deck-loads,  etc.,  having  regard  to  the  adopted  frame  construction  at  the  rate  of  75  working  days  from  the 
spacing  of  36  in.  date  of  beginning  work  to  the  vessel  proceeding  to  sea  ' 

The  most   radical  departure  in  the  distribution  of  complete  and  ready  to  load.     With  a  double  shift,  the 

material  is  to  be  found  in  the  adoption  of  transverse  estimated  period  of  75  working  days  could  be  reduced 

or   vertical    plating,    instead    of   the    familiar    longi-  ^^  '*^- 

tudinal  or  fore  and  aft  method.  In  the  design  for  the  ^ach  building  slip  is  provided  with  a  large  "Head- 
welde;!  ship,  however,  longitudinal  plating  has  been  er"  which  travels  along  double  full  gauge  track  laid 
followed  in  those  parts  which  are  subjected  to  the  at  the  same  inclination  as  the  keel,  or  horizontally,  if 
maximum  principal  stresses,  such  as  the  topside  cor-  -"^'de  launching  is  desired.  This  "Header"  is  a  self 
ners,  the  keel  and  the  bilges.  The  keel,  center  keel-  contained  unit  mounting  two  electrically  driven  46-ft. 
son.  rider,  bilge  plate,  sheer-strake  and  upper  deck  cranes  on  top,  and  is  divided  into  six  decks  carrying 
stringer  are  in  long  lengths  fore  and  aft,  thus  reduc-  the  necessary  equipment  for  the  welders,  pipe-fitters, 
ing  the  number  of  joints  to  a  minimum  and  each  of  carpenters,  tool  shops,  foremen's  office,  and  every- 
the  joints  will  be  designed  to  provide  a  positive  100  thing  necessary  for  the  entire  completion  of  each  6-ft. 
per  cent  efficiency.  section.  It  is  also  fitted  with  sliding  stagings  for  the 
The  modulus  of  resistance  of  a  midship  section  of  welders,  together  with  arrangements  for  shoring  and 
this  vessel,  taken  in  way  of  a  cargo  hatch  and  through  clamping  the  parts  for  welding.  Beginning  at  the 
a  butt  line  of  the  transverse  plating,  is  10  per  cent  in  stern  end,  the  "Header"  moves  forward  6  ft.  each  day. 
excess  of  the  riveted  vessel  through  the  same  section  The  large  prepared  sections  are  lifted  into  position 
at  a  frame  in  both  the  hogging  and  sagging  conditions,  and  welded  up  and  all  fittings  required  in  each  section 
It  was  considered  desirable  to  retain  this  margin  of  placed  on  board  and  completed,  the  work  being  sched- 
strength.  although  the  calculations  provide  generous  uled  so  that  the  section  is  as  nearly  as  possible  corn- 
margins  for  deficiency  in  the  welded  joints  of  the  plete  before  the  "Header"  moves  forwai-d  again.  The 
transverse  plating.  The  estimated  efficiency  of  the  shafting,  engines  and  boilers  are  lifted  into  position 
woM'-d  joints  for  purpose  of  calculation  is  as  fol-  and  connected  up  as  the  "Header"  advances,  so  that 
lo'^'^s:  the   installation   can    be    completed   by   the   time   the 
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"Header"  haH  reached  the  stem  and  the  ship  18  ready 
to  leave  for  sea  after  launchinif- 

The  specification  has  been  drawn  with  a  view  to  re- 
ducing to  a  minimum  the  amount  of  work  to  be  done 
at  the  shipyard,  the  greater  part  of  the  welding  being 
aone  in  the  shops  and  by  women.  This  feature  alone 
is  of  the  utmost  importance,  since  one  of  the  greatest 
obstacles  to  the  execution  of  the  emergency  ship  pro- 
irram  has  been  the  labor  question  and  inasmuch  as 
women  are  already  employed  in  large  numbers  in  the 
welding  shops,  there  is  no  question  involved  here  of 
drawing  upon  the  labor  supi)ly  which  would  otherwise 
be  available  for  the  older  fabricating  shops  and  ship- 
yards. 

In  each  normal  6-ft.  section  of  the  welded  ship 
there  are  only  six  pieces  to  be  lifted  into  position. 
The  pieces  are  brought  down  the  side  tracks  to  the 
"Header"  and  lifted  into  position,  whereupon  the 
stagings  are  run  out  and  the  day's  work  begins. 

AmnunI  of  Welding  Required. — The  following 
schedule  shows  the  amount  of  welding  involved  by 
the  above  method  on  each  6-ft.  section  and  on  the 
whole  ship: 

i:i.KCTKl<"    WKLDING   O.V   TRANSVERSE   PUATKI'    SHU-; 
lAI.CLLATION    FOR    O.NE    SHIP    O.NL.V. 

Lalnrar  fri-l  of  wridlni;  rvdured  to  hi  In.  plate  thlcknesn. 

6-ft. 

section.  Total. 

Com.                            -•  all  clown  unil  Hides   (ahop) 3IU  29.400 

InicT                               ii,'  all  down  and  aides  (shop) 140  13.300 

.'^po!                              ;.    502  47.SOO 

Con'.;: ,•   down  ond  »lde»   (Held)    540  SI. 300 

Oonllimoua  wclUliij;  overhead   (Held)    272  25.800 

Intermittent  weldlni;  down.  Hides  and  overhead  (Held). 200  19,00<i 

Total     186.60" 

<"o*niclent   u.'ed   for   total   l.«    1.42.    which    Is   coedlclent    for   rivet.-' 
.Actual    number   of   linear    feet   of   weldlntr   dinreKnrdlnK    thlrkh>-.«F 
IS    164.00O    ft.,    givinir    11    mean    thlckne-x    nf     ;ill     plates     ami 
shapes  of 

186000 

■  X  .5  — .56  In 

164000 
NumlNT  of  »hop  rivets  to  be  driven  oui.-hi.u-  .-i   t.i.  k  nv.'iw.   l.tl.OOO. 
N»mb..r  of  (Itld   nvct-i   to  be  driven   i>ut.-:ule  ol    tark   rivets,  3.700. 

The  design  here  outlined  has  been  aimed  at  produc- 
ing a  structure  involving  (.1)  the  maximum  amount  of 
work  in  the  welding  shop,  (2)  the  minimum  number 
of  crane  lifts  at  the  assembling  yard  and  (3.)  the 
minimum  amount  of  welding  in  the  field,  all  in  order 
to  assume  completion  of  each  6-ft.  section  each  8-hour 
da  v. 


To  Enlarge  .■Vrmy  Camps.  —Decision  has  been 
reached  by  the  Cleneral  Staff  to  effect  changes  in  use, 
size,  and  capacity  of  various  training  camps.  The 
necessary  construction  will  be  begun  at  once  by  the 
construction  division.  It  has  been  decided  to  estab- 
lish infantry  replacement  camps  at  the  following 
camps:  Lee,  Pike,  Gordon,  Grant,  and  MacArthur. 
In  addition,  at  each  of  these  points  central  officers' 
training  schools  will  be  established.  The  approximate 
increase  in  men  to  be  stationed  at  each  camp  and  the 
cost  of  the  necessary  changes  reijuired  by  the  pro- 
posed arrangements  are  as   follows: 


■  inrdc. 

fiki- 

Mar.\iii.ii> 
Urunt    . 
T«>l..r 

<Ul.trr 

.Sherman    

fiodite    

*N'nt  r«l  •allmalMl. 


i>ro  posed 

Inciease    In 

h^tlniatiM 

number 

.ost    of 

..f     in.  1- 

l...iiKe. 

11  .-.ito 

•  .    )H><< 

.  1 '  •  1)110 

'    1    Olll. 

<M  1.60 

'  *  i 

''6.0011 

.'1.000 

;.41».0&5 

(*) 

K.ono 

4.014.lt2« 

10.000 

3  3t9.1»7 

7.000 

2.<M,tlO 

A  crew  of  nine  plankers  and  one  foreman  at  Nilson 
&  Keley  Shipbuilding  Yard  placed  l,89.'l  running  feet 
i.f  planking  on  n   Ferris  type  hull   in  7'.'   hours. 
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The  Pay  of  the  Engineer 

liitcri'sting  comments  on  the  pecuniary  reward.-  of 
Canadian  engineers  are  contained  in  the  July  Bulletin 
of  the  Canadian  Mining  Institute.  The  Bulletin  cites 
an  instance  where  the  Civil  Service  Commission  of 
Canada  advertised  for  a  legal  officer  at  an  initial  salarj' 
of  $:J,300  per  annum  and  for  a  chemist  for  the  Mines 
Branch  at  an  initial  salary  of  $1,600.  The  qualifica- 
tion re(|uired  of  the  latter  were  such  as  would  entitle 
him  to  a  Ph.U.  degree  at  any  university.  On  the  other 
hand  the  duties  of  legal  officer  could  be  performed 
readily  by  any  mediocre  country  lawyer  or  even  by  a 
clerk  who  had  a  few  years'  experience  in  a  lawyer's 
office.  The  above,  states  the  Bulletin,  is  only  one  in- 
stance of  the  invariable  practice;  it  is  typical  of  the 
government's  estimation  of  the  value  of  the  services 
of  a  man  with  high  technical  training,  and  one  has 
only  to  consult  the  advertisements  of  the  Civil  Service 
Commission,  which  appear  from  time  to  time  in  "The 
Canada  Gazette,"  to  appreciate  the  truth  of  this  asser- 
tion. During  the  month  of  May,  for  example,  a  tech- 
nical clerk  was  temporarily  required  in  the  Topo- 
graphical Surveys  Branch  of  the  Department  of  the 
Interior  at  a  salary  at  the  rate  of  $1,300  per  annum, 
and  it  is  stated  that  "applications  will  be  considered 
from  graduates  in  applied  science,  honor  mathemat- 
ics, or  physics,  of  some  recognized  university."  Quali- 
fied draughtsmen,  competent  to  perform  engineering 
and  architectural  work,  are  ofTered  $125  per  month. 
By  way  of  contrast,  a  "motion-picture  camera  man" 
required  by  the  Department  of  Trade  and  Commerce 
is  to  be  given  an  initial  salarj-  of  $2,400  per  annum, 
and  a  law  clerk  an  initial  salary  of  $2,100. 

Further  abstracts  from  the  Bulletin  follow:  The  fact 
is  self-evident  that,  as  compared  with  other  profes- 
sions, the  government  sets  a  very  low  value  on  the 
services  of  men  of  the  engineering  profession,  and  the 
possibility  for  the  existence  of  this  state  of  affairs  con- 
stitutes a  serious  reproach  against  all  engineers.  Be- 
fore he  can  attain  proficiency  such  as  required  of  ap- 
plicants for  positions  similar  to  those  for  which  the 
Civil  Service  Commission  offers  a  salary  of  from 
$1,200  to  $1,600  per  annum,  the  engineer  must  have 
spent  some  of  the  best  years  of  his  life  and  a  very 
substantial  sum  of  money  acquiring  the  necessan.- 
knowledge. 

The  Latent  l'nion>  of  I)octor>  and  Ijiwyere. — 
Those  following  the  professions  of  nu'dicine  and  law- 
have  certain  natural  advantages  over  members  of  the 
scientific  and  engineering  professions.  Ever>'one,  at 
some  time  or  another,  has  need  of  the  sers-ices  of  a 
doctor,  and  in  a  lesser  degree,  the  same  may  be  said 
regarding  the  lawyer.  Moreover,  these  professions 
do  not,  as  a  rule,  necessitate  extensive  or  frequent 
traveling  from  one  part  of  the  country  to  another.  As 
a  consequence,  both  doctors  and  lawyers  are  usually 
able  to  settle  more  or  less  permanently  in  one  place, 
generally  a  large  center  of  population.  They  have 
better  oportunities  for  meeting  together,  and  one  re- 
sult of  this  is  that  both  these  professions  are  ex- 
tremely well  organized.  It  is  true  that  there  is  no 
xctual  "union"  of  doctors  or  of  lawyers,  but  it  is  none 
the  less  indisputable  that  there  exists  in  each  of  the!«e 
professions  a  very  strict  latent  union.  There  is  a  well- 
maintained,  if  unwritten,  etiquette,  amounting  prac- 
tically to  a  taut  agreement,  whereby  certain  fees  are 
charged  for  certain  services,  and  the  government  or 
any  corporation  requiring  the  services  of  a  doctor  or 
lawyer  is  well  aware  that  it  would  be  useless  to  tr>' 
and   undercut  the.se  "union"  wages.     The  wage  they 
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demand  and  receive  serves  to  maintain  the  dignity  of 
their  professions,  but,  broadly  speaking,  it  is  not  ex- 
orbitantly high. 

Engineers  Paid  Lower  Wajjes  Than  Unskilled  La- 
borers.— It  is  not  the  government  alone  which  holds 
the  technical  professions  in  such  low  esteem;  this  is, 
unfortunately,  more  or  less  universal.  Provincial  de- 
partments and  municipalities  have  followed  the  lead 
of  the  federal  technical  departments.  Corporations 
and  companies  are  little  better  in  this  respect,  and  it 
would  be  very  exceptional  to  find  their  technical  ad- 
visers receiving  salaries  on  the  same  scale  as  their 
law  advisers,  while  the  mass  of  their  technically 
trained  employes  are  often  paid  the  same,  or  even 
lower,  wages  than  their  unskilled  laborers.  In  some 
of  the  western  coal  mines  today,  mine  managers  are 
actually  working  at  the  face,  because  they  can  earn 
considerably  more  money  using  their  muscles  than 
using  their  brains. 

This  is  really  the  crux  of  the  whole  matter.  Ordi- 
nary labor,  requiring  little  or  no  special  training  or 
skill,  and  only  average  intelligence,  has  become  so 
highly  organized  throughout  the  world  that  it  is  in  a 
position  to  enforce  its  demands  for  a  fair  wage;  and 
like  the  doctor  and  the  lawyer,  labor  displays  no  false 
modesty  in  estimating  the  value  of  its  services.  On 
the  other  hand,  the  technically  trained  man,  whose 
knowledge  has  been  acquired  only  at  considerable  ex- 
pense, both  in  time  and  money,  and  who  must  pos- 
sess a  fair  modicum  of  ability  and  intelligence,  is  at 
a  discount,  and  this  is  entirely  owing  to  his  lack  of 
organization,  and  lack  of  professional  etiquette. 

Country  Has  Need  for  all  Technical  Men  It  Can 
Obtain. — This  state  of  affairs  is  a  very  unhealthy  one, 
and  it  is  of  the  utmost  seriousness,  not  onl.v  to  mem- 
bers of  the  technical  profession,  but  to  the  whole 
country  and  to  the  whole  world.  Wages  have  reached 
their  present  high  scale  partly  as  a  result  of  the  war, 
but  it  would  be  most  unwise  to  assume  that  they  will 
be  materially  lowered  during  the  present  generation, 
if  ever.  All  experience  is  against  this  assumption. 
The  wages  or  salaries  of  technically  trained  men  have 
not  advanced,  or  certainly  they  have  not  advanced  to 
anything  like  the  same  extent.  If  conditions  are  to  be 
allowed  to  remain  on  this  unsatisfactory  basis,  the 
outlook  for  future  technical  and  industrial  progress 
if  indeed  pessimistic.  What  incentive  is  there  for 
parents  to  go  to  the  expense  of  sending  their  sons  to 
the  technical  colleges  or  to  the  universities  to  learn 
an  unremunerative  profession?  What  'encourage- 
ment is  there  for  the  boys  themselves  to  take  up  with 
diligence  or  keenness  the  arduous  courses  of  study 
which  are  necessary  before  they  can  qualify  as  effi- 
cient technical  men  or  engineers,  when  they  realize 
that  they  can,  with  their  hands  alone,  command  an 
immediate  independence  and  very  respectable  pay? 
There  is  something  radically  wrong  with  a  system 
under  which  a  university  graduate,  after  four  or  more 
years  of  special  study,  is  only  too  glad  to  obtain  a 
position  at  a  salary  of  $100  or  so  per  month,  whereas 
a  man  with  only  one  or  two  months'  training  can 
easily  obtain  work,  which  is  almost  purely  manual 
labor,  at  $5,  $10,  or  even  more,  per  day.  Education 
for  its  own  sake  is  a  fine  ideal,  but  there  are  few  men 
so  altruistic  or  so  affluent  that  they  do  not  look  upon 
their  education  as  a  means  to  an  end,  as  an  invest- 
ment, which  will  yield  dividends  in  the  shape  of  a 
futrre  salary.  Moreover,  it  is  well  that  this  should 
be  so;  a  rapidly  growing  industrial  nation,  such  as 
ours,  has  need  of  all  the  trained  technical  men  it  can 


obtain;  they  are  the  life  blood,  without  which  its  in- 
dustries must  soon  decline  and  die.  Any  policy  or 
condition  which  tends  to  discourage  the  production  of 
such  men  is  suicidal  to  the  growth  of  all  industry,  and 
it  is  becoming  increasingly  evident  that  this  condi- 
tion alread.v  exists. 

Salvation  of  Engineers  Rests  Mainly  with  Them- 
selves.— It  cannot  be  emphasized  too  often,  however, 
that  technical  men  are  themselves  mainl.y  to  blame  for 
this  condition,  and  that  their  salvation  rests  entirely 
with  themselves.  There  is  evident  among  them  an 
almost  complete  lack  of  professional  etiquette.  A 
case  may  be  cited  in  illustration  of  this.  A  surveyor 
in  a  western  town  was  asked  by  his  council  if  he 
would  accept  a  lower  salary,  and  refused.  Thereupon 
he  was  asked  to  resign,  but  was  informed  that  he 
might,  if  he  wished,  send  in  his  application  for  the 
positon  at  the  lower  salar.v.  This  invitation  was  also 
declined,  but  the  council  had  no  difficulty  in  securing 
another  man  at  the  lower  salary.  It  is  not  necessary 
here  to  go  into  the  merits  of  this  particular  case,  but 
scores  of  similar  instances  might  be  mentioned  where 
technical  men  have  been  willing  and  anxious  to  un- 
derbid one  another  in  the  matter  of  fees  or  salary, 
and  the  present  low  status  of  these  professions  is  the 
direct  outcome  of  this  procedure.  This  sort  of  thing 
would  be  impossible  among  men  who  had  any  regard 
for  the  dignity  of  their  profession,  or  a  proper  sense 
of  what  was  due  to  themselves,  and  it  can  easily  be 
avoided  by  some  form  of  organization. 

Formation  of  Union  as  Means  of  Relief. — There 
seems  no  obvious  reason  why  professional  engineers 
and  technical  men  in  this  country  should  not  form  a 
union  as  highly  organized  as  any  of  the  so-called 
labor  unions.  Labor  unions  have  admittedly  done 
much  to  improve  the  condition  of  men  working  in 
skilled  and  unskilled  trades,  and  they  are  likely  to 
play  an  even  more  important  role  in  the  future  when 
further  readjustments  are  made  between  capital  and 
labor.  A  union  of  technical  men  would  certainly  have 
the  effect  of  similarly  improving  the  condition  and 
raising  the  status  of  those  following  these  professions. 
That  such  a  union  is  practicable  is  shown  by  the  fact 
that  chemists  in  England  have  already  organized  in 
this  way.  The  fact  that  technical  men  follow  a  great 
variety  of  more  or  less  distinct  professions,  and  that 
the  qualifications  of  individuals  are  equally  diverse, 
ranging  from  the  consulting  man  who  has  had  ex- 
tensive experience  to  the  recent  graduate  only  com- 
mencing to  practice  his  profession,  need  form  no 
barrier  to  the  introduction  of  a  proper  scale  of  fees 
and  salaries.  There  is  the  same  range  of  ability  and 
experience  among  men  of  the  medical  and  law  pro- 
fessions, and  the  etiquette  prevailing  in  these  pro- 
fessions suffices  to  maintain  fees  on  a  well  recog- 
nized and  adequate  scale.  Even  in  these  professions 
there  are,  of  course,  some  who  indulge  in  the  prac- 
tice of  under-bidding,  but  they  find  themselves  se- 
verely ostracized.  There  is  no  reason  why  this  prac- 
tice should  not  be  similarly  eliminated  from  the  tech- 
nical professions,  and  so  soon  as  this  is  done,  the  ap- 
parent discrimination  against  technical  men  will  auto- 
matically disappear.  Those  who  are  at  the  head  of 
these  professions  have  every  reason  to  know,  from 
their  own  experience,  the  hard  road  their  juniors  have 
to  travel,  especially  at  the  commencement  of  their 
career,  and  the  initiation  for  bringing  about  the  or- 
ganization which  is  necessary  before  present  condi- 
tions can  be  rectified  or  ameliorated,  would  most  ap- 
Dropriately  come  from  them. 


(64) 


Sci>tciiil>fr  2?.  I'MS 


i:\«.I.\KKKI.\i;     ANIJ     COXIkACTING 


311 


Benefits  of   Accident    Prevention 
in  Contracting* 

Hy  F.  S.  R<  )1M  \S<»N 

>!.  ti'i.ii  V.    Criirrut    (tullilxra'     AMKHlatloii      l>.li.>li       M  h  ii 

Our  association  has  been  oriranized  a  little  over 
two  years  and  is  composed  of  eleven  jf^neral  builders, 
or  contractors  in  the  buildini;  line,  who  take  and  per- 
form the  operation  in  its  entirety  and  who  do  the 
major  part  of  the  work  with  their  own  orKanizations. 

One  of  the  first  thinjjs  taken  up  was  the  matter  of 
compensation  insurance  and  public  liability  insur- 
ance. It  was  found  that  our  members  were  payinj; 
about  a  hundred  different  rates  in  about  ten  different 
companies,  and  it  seemed  to  us  that  with  the  volume 
of  business  in  our  hands  this  matter  could  be  brought 
down  to  a  more  businesslike  and  systematized  basis. 
We  considered  mutual,  state  and  other  forms  of  insur- 
ance, and  our  decision  was  to  place  the  insurance  of 
all  of  our  members  in  one  company  at  a  Hat  rate — and 
we  considered  not  only  the  rate,  but  also  the  system- 
atic and  responsible  inspection  and  other  attendant 
service  which  we  felt  could  be  expected  and  which 
bears  more  particularly  on  this  subject.  Our  insur- 
ance has  been  in  effect  less  than  1 '  ■_•  years,  which  is 
not  long  enough  for  us  to  get  a  comparison  of  two 
distinct  periods,  but  the  records  of  our  members  show- 
that  there  have  been  many  less  accidents  since  we 
started  our  safety  movement  than  before. 

Well  Organized  and  Systematic  Inspection  Ser>ice. 
— In  starting  this  safety  movement  we  had  the  whole- 
hearted co-operatior.  of  the  insurance  company  which 
has  helped  us  in  every  possible  way  to  make  the 
movement  a  success.  The  very  fact  that  we  have  this 
group  insurance  puts  us  in  a  position  to  demand  the 
kind  of  inspection  and  service  which  we  believe  could 
not  be  obtained  otherwise.  It  holds  the  service  to  a 
high  degree  of  accountability,  which  is  reversing  the 
usual  order  as  between  company  and  assured.  It 
stands  to  reason  that  a  well-organized,  systematic  and 
co-operative  inspection  service  of  one  insurance  com- 
pany can  render  better  service  to  a  group  of  ten  con- 
tractors, acting  as  a  unit,  than  can  be  obtained  by  the 
haphazard  inspection  of  ten  different  insurance  com- 
panies toward  ten  different  contractors. 

The  inspection  by  the  safety  engineer  of  an  insur- 
ance company  is  important,  and  a  man  in  this  position 
should  have  great  tact,  so  as  not  to  antagonize  the 
men  in  charge  of  a  job — he  should  make  suggestions 
and  not  give  orders.  We  have  had  good  results  from 
this  inspection,  and  we  find  that  the  men  are  more 
particular  and  careful  in  the  erection  of  mechanical 
t<iuipment — tower  framing  is  made  stronger,  cat 
heads  heavier,  scaffolds  and  ladders  more  secure,  etc. 
In  fact,  there  is  more  intelligence  shown  all  around, 
e.«pecially  by  the  men  in  charge.  Much  benefit  has 
been  experienced  in  the  case  of  employes  changing 
from  one  contractor  to  another,  as  often  happens. 
These  men  have  profited  by  the  system  in  vogue  with 
the'r  old  employcr.s  and  easily  fall  in  with  the  same 
system  practiced  by  the  new  one. 

In  the  beginning  a  meeting  was  called  of  every  one 
in  I'M'horitv  fn  the  pay  rolls  of  our  members.  We 
explained  the  compensation  law  to  them  and  the 
scheme  of  compensation  insurance,  with  its  attendant 
f^nturrs  such  as  inspection,  accident  rep  irts,  medical 
«cr>"ice,  hospital   arrangements,   followup  methods  to 
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find  employes  who  do  not  continue  necessary  medical 
attention  and  the  like.  The  object  of  this  wa.s  to  get 
detailed  information  and  instruction  to  the  men  in 
charge,  to  rob  the  system  of  any  criticism  of  red  tape 
and  to  dignify  the  general  subject  of  accidents  in  the 
mind  of  each  man  in  authority,  so  that  he  would  start 
out  on  an  individual  campaign  against  everything 
that  might  cause  acciilents  to  the  men  working  under 
his  charge. 

We  organized  first-aid  classes,  which  were  held 
weekly  except  in  the  summer  time.  These  classes  are 
conducted  by  the  medical  department  of  the  insur- 
II nee  company  and  are  held  in  the  offices  of  our  asso- 
ciation. They  are  attended  by  superintendents,  fore- 
men, first-aid  men  and  timekeepers,  workmen  are  also 
welcomed.  From  charts  and  practical  demon.stra- 
tions  these  employes  learned  not  only  how  to  treat 
accidents,  but  the  importance  of  taking  preventive 
measures  to  avoid  them.  They  are  taught  how  to  use 
the  first-aid  kit  which  is  placed  on  every  job,  and  we 
are  positive  that  the  coaching  they  receive  in  these 
classes  has  been  of  material  value  in  helping  to  re- 
duce the  number  of  accidents. 

Infection  Cases  Almi>st  Negligible. — At  the  com- 
mencement of  the  ne'^-  compensation  law  in  Michigan 
there  was  great  difficulty  in  getting  men  to  report 
small  accidents  which  happened  to  them.  Whether 
this  was  a  matter  of  pride  or  not  I  do  not  know,  but 
at  any  rate  accidents  such  as  cuts,  scratches,  bruises, 
nail  punctures,  etc.,  would  not  be  reported.  The  re- 
sult was  that  many  cases  of  infection  developed,  due 
to  lack  of  first-aid  treatment  and  subse(|uent  medical 
attention,  and  it  also  resulted  in  much  compensation 
being  paid.  Since  our  campaign  for  safety  has  been 
instituted  we  find  that  a  large  number  of  accidents 
have  been  renorted,  and  at  the  same  time  the  number 
of  compensation  cases  has  been  decreased.  This  wc 
know  to  be  the  direct  result  of  our  first-aid  cla.sses 
and  inspection  service.  Perhaps  the  most  noticeable 
result  of  this  instruction  is  in  the  very  material  reduc- 
tion in  number  and  severity  of  cases  of  infection  from 
wounds.  Infection  cases,  I  believe,  form  the  most 
numerous  and  expensive  class  of  accidents  among  em- 
ployes of  general  builders,  and  I  am  glad  to  say  that 
our  insurance  company  now  reports  this  class  to  be 
almost  negligible. 

PrecautMins  cm  Starting  New  Building  Operation. — 
When  one  of  our  members  starts  a  new  operation  the 
association  is  notified  of  the  date  started,  the  superin- 
tendent in  c|iarge  and  the  one  who  has  charge  of  first 
aid.  It  in  turn  notifies  the  insurance  company,  so 
that  the  company  may  immediately  send  its  inspector 
to  the  site  at  the  very  beginning  of  operations,  instead 
of  later,  when  perhaps  the  greatest  hazard  may  have 
lassed.  The  inspector  sees  that  the  first-aid  man  has 
a  kit  and  n"cesBry  supolies  and  in.strucfs  him  as  to 
physicians,  hospitals,  etc.  It  is  ouite  probable  that 
this  early  inspection  may  result  in  the  voidance  of 
property  loss,  as  well  as  personal  injuries.  Proper 
cautirn  siirns  and  statutory  notices  to  employes  are 
thus  not  overlooked.  Al.so.  if  any  unusual  public  lia- 
bilitv  hnz-rd  is  present,  a  report  is  made  which 
rewches  the  employer,  so  that  he  m«v  increase  the  in- 
«ier"nitv  limits  on  that  particular  job  commensurate 
with  the  hiizard.  Bulletin  boards  are  installed  on  all 
the  larger  jobs,  on  which  are  displayed  the  bulletins 
of  the  National  Safety  Council  and  our  own  associa- 
tion bulletins,  vith  recommendations  growing  out  of 
the  experience  of  our  own  members  and  from  other 
sources. 

There  is  another  factor  which  bears  direct  I  v  in  the 
(«) 
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safety  movement  which  has  been  greatly  neglected,  and 
that  is  the  humanitarian  factor.  Many  times  I  have 
heard  contractors  say  that  they  do  not  bother  with 
their  accident  cases — they  leave  it  to  their  insurance 
company.  This  spirit  cannot  be  kept  up  in  this  day 
and  age,  and  the  sooner  contractors  realize  it  the  bet- 
ter it  will  be  for  them.  The  labor  turnover  in  con- 
struction work  is  tremendous,  and  the  chances  of  ac- 
cidents increase  with  each  new  man  put  on — to  what 
degree  I  would  not  venture  to  say — but  statistics 
show  that  the  percentage  of  accidents  is  far  greater 
in  construction  work  than  it  is  in  factory  work.  You 
will  say  that  construction  work  is  more  hazardous — 
we  all  know  it  is,  but  even  so  the  percentage  can  be 
reduced  in  a  large  measure  by  a  little  educational 
work  on  the  part  of  the  contractor.  It  is  of  far  more 
value  to  a  contractor  to  keep  one  man  at  work  for  say 
20  days,  than  20  men  working  one  day  each. 

Control  of  Accidents. — Our  efforts  to  control  acci- 
dents, both  as  to  frequency  and  severity — is  first  of 
all  to  dignify  the  subject  in  the  minds  of  employes. 
Next,  to  place  the  responsibility  for  accidents.  If  the 
foreman  is  educated  to  the  importance  of  the  relation 
of  accidents  to  the  efficiency  of  his  department,  and  if 
his  discipline  is  duplicated  by  every  other  foreman  of 
his  employer,  a  big  step  in  the  right  direction  is  being 
made.  Hold  him  to  his  responsibility  and  support 
him  by  keeping  up  the  first-aid,  medical,  inspection 
and  other  service  to  a  high  degree.  This  combination 
must  impress  all  concerned  that  an  accident  is  some- 
thing to  be  avoided  in  the  first  place,  or,  having  hap- 
pened, it  is  to  be  attended  to  systematically,  and  meas- 
ures adopted  to  make  repetition  unlikely  if  not  impos- 
sible. 


Advantages    of    Cost    Plus    Con- 
tracts* 

By  HERBERT  E.  HEWITT. 

Anyone  who  has  tried  to  let  general  contract  on 
competitive  bids  under  present  conditions  knows  that 
it  is  practically  impossible  to  do  so  and  that  it  is  even 
less  desirable.  Two  methods  then  remain.  First: 
Letting  separate  contracts  for  each  branch  of  the 
work  on  a  unit  price  basis.  Second:  Letting  a  gen- 
eral contract  for  the  entire  work  on  cost  plus  percent- 
age basis.  My  own  experience  has  been  largely  with 
the  latter  method  and  it  is  one  I  wish  to  suggest. 

In  considering  this  procedure,  it  is  necessary  to  pre- 
suppose a  contractor  with  the  following  qualifica- 
tions: (1)  Integrity.  (2)  Financial  resources.  (3) 
Buying  power.  (4)  Organization.  (5)  Executive 
ability.  Some  of  these  are  interdependent,  but  in 
general  they  represent  the  necessaries  of  the  success- 
ful contractor,  regardless  of  the  basis  of  his  con- 
tracts. 

"The  question  is  largely  one  of  Buying  Power — I 
shall  argue  that  a  building  can  be  more  cheaply  erect- 
ed (and  generally  better  and  quicker)  by  a  general 
contractor  having  the  qualifications  enumerated 
above,  than  by  a  multitude  of  sub-contractors  whose 
work  is  co-ordinated  by  the  architect.  In  the  latter 
case  the  architect  practically  becomes  the  general 
contractor,  and  as  architecture  is  practiced  today  in 
this  country,  he  cannot  do  so  to  the  advantage  of  his 
client.  The  principal  reason  is  that  he  has  no  buying 
power.  The  statement  to  a  client  that  the  general 
contractor  method  is  more  expensive  because  he  pays 
the  general  contractor  a  profit  in  addition  to  the  prof- 
its of  the  subcontractor,  sounds  plausible,  but  as  a 


matter  of  fact,  the  general  contractor  can  buy  and 
sub-let  so  much  cheaper  than  the  architect,  that  he 
saves  not  only  his  own  ten  per  cent,  but  in  most  cases 
considerably  more. 

Sub-contractors  prefer  to  figure  with  general  con- 
tractors rather  than  with  architects  and  generally 
will  give  a  better  price  to  the  contractor  than  to  the 
architect.  There  are  several  reasons  for  this — he  is 
dealing  directly  with  the  party  who  will  pay  him  the 
money  and  is  not  dependent  on  the  architect  for  cer- 
tificates or  bothered  with  his  too  often  unbusiness-like 
methods.  The  alert  general  contractor,  realizing  the 
advantages  to  his  reputation  with  those  of  whom  he 
buys  that  prompt  payment  will  bring,  does  not  wait 
until  he  receives  his  money  from  the  owner,  but  dis- 
counts his  bills  and  sees  that  payments  on  sub-con- 
tracts are  promptly  made.  He  thus  gains  for  himself 
a  reputation  such  that  he  can  command  the  lowest 
cash  prices  and  a  preference  in  time  of  delivery  or 
completion  over  other  current  work  likely  to  bring 
slower  payment.  Further  than  this,  he  calls  in  the 
lowest  bidder  on  a  sub-contract,  goes  over  with  him 
the  work  to  be  performed,  and  is  in  a  position  to  point 
out  where  savings  can  be  made  and  often  gets  a  sub- 
stantial reduction  on  the  lowest  bid.  He  becomes  a 
keen  buyer,  because  that  is  his  chief  concern.  To  do 
all  this  requires  well  developed  and  experienced  busi- 
ness ability  and  a  well  equipped  organization. 

The  advantage  in  time  required  to  build  has  been 
alluded  to  above.  There  is  still  another  advantage 
and  one  that  cannot  be  too  much  emphasized.  The 
element  of  divided  interest  is  entirely  eliminated. 
The  relation  of  owner,  contractor  and  architect  be- 
comes one  of  co-operation  solely — each  is  striving  for 
the  best  results  at  minimum  cost  and  the  harmony 
that  prevails  assures  a  successful  accomplishment. 


Special  Bureau  Passes   Upon    Inventions 
Submitted  to  War  Department 

All  inventions  of  a  mechanical,  electrical  or  chem- 
ical nature  submitted  to  the  War  Department  for  in- 
spection, test  or  sale  are  considered  by  an  Inventions 
Section.  This  bureau  was  created  this  spring  for 
the  especial  purpose  of  securing  prompt  and  thorough 
investigation  of  inventions.  Any  persons  desiring  to 
submit  an  invention  for  consideration,  test,  sale,  or 
development  should  do  so  by  letter,  giving  in  order  the 
following  information:  Name  and  object  of  the  in- 
vention; any  claim  for  superiority  or  novelty;  any 
results  obtained  by  actual  experiment;  whether  the 
invention  is  patented;  whether  remuneration  is  ex- 
pected; whether  the  invention  has  been  before  any 
other  agency;  whether  the  writer  is  owner  or  agent; 
the  number  of  inclosures  with  the  letter.  A  written 
description  and  sketches  or  drawings  of  suflScient  de- 
tail to  afford  a  full  understanding  of  the  cases  should 
also  be  submitted.  Should  the  invention  be  an  ex- 
plosive or  other  chemical  combination,  the  ingredients 
and  processes  of  mixture  should  be  stated.  All  com- 
munications should  be  addressed:  Inventions  .  Sec- 
tion. General  Staff,  Army  War  College,  Washington, 
D.  C. 


•From  the  August  Bulletin  of  the  lUinois  Society  of  Architects. 


Fiffy-seven  Per  Cent  of  Fabricating  Shop  Capacity 
Contracted  for  Last  Month. — The  records  of  the 
Bridge  Builders  and  Structural  Society,  as  collected 
by  its  secretary,  show  that  during  the  month  of  Au- 
gust, 1918,  57  per  cei^t  of  the  entire  capacity  of  the 
bridge  and  structural  shops  of  the  country  was  con- 
tracted for. 
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Technical  Men's  Registration  Blank 

The  reK'istr:itioii  blank  for  ti'chiiiciil  mi-ii,  pri-puri-c) 
by  A.  H.  Krom,  Director  of  EiiKineeriUK.  and  issued 
recently  by  the  Division  of  Kn^ineerinK.  L'-  S.  Employ- 
ment Service,  contains  a  number  of  interestinjf  fea- 
tures. In  the  first  place,  it  is  the  first  otficial  blank 
of  the  kind  prepared  especially  for  technical  men. 
It  is  ba.sed  on  a  knowledj^e  of  their  experience  and 
trainini;  and  is  calculated  to  tit  their  professional 
record.  It  furnishes,  at  the  same  time,  and  uncon- 
sciously, a  compact  history  of  the  enKineerin^  profes- 
sion itself,  showing  how  it  has  grown  and  how  highly 
differentiated  are  its  various  branches.  The  engineer 
of  days  gone  by  would  hardly  know  his  own  branch 
of  engineeriiii.'  i'"  i..-  ■.•.•-'    •,■■  ih.ih.-.'  ■>;■■■.  ':-■    :.•'.'.   -i. 


visions  which  that  card  notes.  The  matter  of  the  en- 
gineer and  the  license  is  perhaps  indicated  also  for 
even  the  layman  can  see  that  the  ser\ices  of  the  en- 
gineer can  be  codified  and  made  definitely  available. 
Inasmuch  as  the  blank  printed  below  is  an  exact  re- 
producti'in  of  the  Government  form,  it  can  be  used 
for  registration  purposes.  Engineers  should  fill  out 
the  blank  and  send  it  to  A.  H.  Krom,  Director  of  En- 
gineering, 2'J  South  La  Salle  Street,  Chicago.  The 
Division  of  Engineering  has  been  established  by  the 
Government  for  the  special  purpose  of  caring  for  the 
engineer.  It  registers  the  engineers  and  technical 
men  of  the  nation,  classifies  them  according  to 
their  experience  and  training  and  then  places  them  in 
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CHECK  VOLR   IZ.XPERIII.NCE 

ON  SLB-CL.\55IFICATI0NS 

I    CIVIL  ENOI.NEtRINQ 

5— .Machine  Shop  Mchy 

5— Light  and  Power  Plants 

ll-Petroleum 

1  -Bridge* 

6— RcirlueratlnK  Mchy 

6— Control  Equipment 

12— Smelt,  r  and  Equipment 

2-BuMdlnz< 

7-Sierl  Mill  Machinery 

7— Motors  and  (Jenerators 

13— Underground  .Mining 

J  -HtlnlorctJ  Concrete 

8-Te«llle  Machinery 

8— Traniljrmers 

V     CHEMICAL 

4  'Hl{h»a>s 

0  -  Light  Autumatlc  Mchy 

9— Overhead  Construction 

ENOINEEKINQ 

S -Railways 

10  -  Marine  Hnglnts 

to  -  Radio  and  WireMt 

1— Chemical  Plant  Eqolpt. 

6 -Harbor  Work 

1 1— Automotive 

1 1  — Railway  Signalint 

2 -Cement 

7  — Dam  and  RcJervoIri 

1 Z  -  Internal  Comb  Enrint* 

1 2  -Telephone 

3-DueSlua 

8  -Rcclaaiailon 

1  J  -Aeronautics 

13 -Telegraph 

4-Eiploslves 

9-Walerwa>» 

1  1     Uai  Ming  e>|iilpmenl 

14— Testing  Apparata* 

5-Fertlllier 

10 -Municipal 

IS     Steam  Plant  Equlpnenl  1 

IV    MINING  ENUINEERINO 

6-aas 

II— Water  Sappljr 

lO-Heat.Vent.&Kldg.Eqpt. 

1— Assayer 

7-OIU 

12- Sanliallon 

17 -Indinlrlal  Plants 

2 -Drilling  Machinery 

8-Ola*a 

IJ-Snip  Bull  lint 

IS— Railway  Rulllng  Stock 

3— Metallurgist 

9  -Soap 

M-Stcu.iur.l   Meel 

10— Tools 

4-MIII  and  Ore  Dress  Mchy 

lO-nide  and  1  eathcr 

II    Mi:CII  VMC*I. 
tMllNctKINO 
1— Ordaaoce 

III     ll.HCTRICAL 
L>OINbl;RINa 
1     Batteries.  Ixnlllon 

5— MIneraloKllt  and  Ueolo. 

a-MlncSur»rv 

7— Mining  Machinery 

1  l-lroo  andMoel 

12-Pslnt 

1  J  -  Photographic  Supplies 

14-Waler  Purificalloo 

I  -Electric  Railways 

8 -Coal 

J  -  Oredulnit  Machinery         I 

J-lndu9trlal  Llec.  Appl. 

0— tipen  Pit 

16-W'ood  h>    PruJuvts  aad 

4     Mul.tlne  A  C.nv.  Mchy 

4 -5wlli.hbiiards                       ' 

lO-Ore  Dressing  Mills 

Pres<:r\atUrs 

Specials 


I 


My  age  is 


engaged  in  war  work  and  ^^^^  j,qj  leave  present  location, 
and    my  draft   classification   is 

Print  name 


F'rint  address; 
PLEASE     FILL     OUT    AND     MAIL    AT    ONCE     TO    THE     DIRECTOR     OF    ENGINEERING 
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Regulations  of  Priorities'  Division  for  New 
War  Construction 

Building  projects,  except  those  in  certain  specified 
classes,  cannot  be  undertaken  hereafter  without  first 
obtaining  a  permit  from  the  Priorities  Division  of 
the  War  Industries  Board.  The  extent  of  the  restric- 
tions on  nonwar  construction  was  set  forth  in  a  Pri- 
orities Division  circular  made  public  on  Sept.  12.  Ex- 
tracts from  this  circular  follow: 

Sti-uctures.  roads,  or  other  construction  projects  falling  within 
the  following  classificaticns  are  hereby  approved,  and  no  permits 
or  licenses  will  be  required  therefor: 

(1)  After  having  first  been  cleared  and  approved  by  the  War 
Industrie.s  Board  those  undertaken  directly  by  or  under  contract 
with  the  War  Department  or  the  Navy  Department  of  the  United 
States  or  the  United  States  Shipping  Board.  Emergency  Fleet 
Corporation,  the  Bureau  of  Industrial  Housing  and  Transporta- 
tion of  the  United  States  Department  of  Labor,  or  the  United 
States  Housing  Corporation; 

(2)  Repairs  of,  or  extensions  to,  existing  buildings  involving 
in  the  aggregate  a  cost  not  exceeding  $2,500; 

<3)  Roadways,  buildings  and  other  structures  undertaken  by 
or  under  contract  with  the  United  States  Railroad  Administration 
or  a  railroad  operated  by  such  administration; 

1 4)  Those  directly  connected  with  mines  producing  coal, 
metals  and   ferro-alloy   minerals;   and 

(."ii  Public  highway  improvements  and  street  pavements  when 
expressly  approved  in  writing  by  the  I'nited  States  Highways 
Council. 

No  building  project  not  falling  within  one  of  the  foregoing 
classes  shall  be  undertaken  without  a  permit  in  writing  issued 
b.v  or  under  the  authority  of  the  chief  of  the  non-war  construc- 
tion section  of  the  Priorities  Division  of  the  War  Industries 
Board. 

Should  one  contemplating  building  conceive  his  proposed 
project  to  be  in  the  public  interest  or  of  such  essentiality  that 
under  existing  conditions  it  should  not  be  deferred,  then  he  will 
make  a  full  statement  of  the  facts  in  writing,  under  oath, 
and  present  same  to  the  local  representative  of  the  Council  of 
>JationaI  Defense,  applying  to  such  representative  for  his  ap- 
proval of  the  proposed  construction.  Should  such  local  repre- 
sentative approve  the  construction  project,  he  will  promptlj' 
transmit  the  application,  stating  clearl.v  and  fully  his  reasons 
for  approving  same,  to  the  chief  of  the  non-war  construction 
section  of  the  Priorities  Division  of  the  War  Industries  Board, 
Washington.  D.  C.  for  consideration,  if  need  be.  for  further 
investigation  and  final  decision.  Should  the  application  be  finally 
approved  by  the  Priorities  Divison,  a  construction  permit  will 
issue,  which  will  constitute  a  warrant  to  manufacturers  and 
dealers  who  have  taken  the  pledges  of  co-operation  above  men- 
tioned to  sell  and  deliver  building  materials  required  in  the  con- 
struction of   the  licensed   building  jjroject. 

The  regulations  do  not  apply  to  buildings  under 
construction.  The  Official  U.  S.  Bulletin  states  that 
under  a  ruling  made  Sept.  12,  practically  all  buildings 
under  way  may  be  completed  and  dealers  in  building 
material  may  continue  to  supply  needed  material. 
The  explanatory  statement  of  Judge  E.  B.  Parker, 
Priorities   Commissioner,   follows: 

circular  No.  21.  issued  by  the  Priorities  Division  of  the  War 
Industries  Board,  under  date  of  Sept.  3.  1U18,  dealing  with  non- 
war  construction,  applies  only  to  projected  buildings  and  not  to 
those  already  begun.  Where  a  substantial  portion  of  a  building 
has  already  been  constructed,  manufacturers  and  distributors 
of  and  dealers  in  building  materials  may  continue  to  furnish 
such  materials  for  the  completion  of  such  building,  pending  fur- 
ther action  by  the  War  Industries  Board.  The  local  representa- 
tives of  the  Council  of  National  Defense  are  requested  to  make 
surveys  of  all  building  activities  in  their  respective  territories 
and  report  same  as  promptly  as  possible  to  their  state  chairmen, 
together  with  their  recommendations  concerning  the  necessity  for 
the  continuance  of  such  construction  or  deferring  same  until  after 
the  war.  The  state  chairman  will  in  torn  forward  such  reports, 
with  their  recommendations,  to  D.  R.  Mclennan,  chief  of  the 
non-war  construction  section  of  the  Priorities  Division  of  the  War 
Industries  Board.  Washington.  D.  C. 


Personals 


John  A.  Giles.  Commissioner  of  Public  Works  of  Binghamton. 
N,  T.,  has  been  commissioned  a  captain  in  the  National  Army. 

T.  J.  Richey  has  been  promoted  to  professor  of  structural 
engineering  at  the  Agricultural  and  Mechanical  College  of  Texas. 

Howard  M.  Ingram,  a  building  contractor  of  Hagerstown, 
-Md.,  has  been  commissioned  a  first  lieutenant  in  the  U.  S.  Army. 


Jaiiie.s  Robertson  has  resigned  as  superintendent  of  the  Beni- 
cia  Shipbuilding  Corp..  Benicia,  Cal.  Paul  Parker,  an  engineer 
of  Marysville,  Cal.,  succeeds  him. 

Thomas  E.  O'Donnell  has  been  appointed  instructor  in  archi- 
lecture  at  the  University  of  Illinois  and  Wallace  B.  Livesay  has 
been  appointed  instructor  in  architectural  engineering. 

Harry  L.  Shaner,  former  city  engineer  of  Lynchburg,  Va..  has 
been  commissioned  a  captain  in  the  Quartermaster's  Department 
of  the  Army  and  has  reported  for  duty  at  Camp  Greene. 

John  F.  Pemberton.  C.  E.  Silbaugh  and  W.  A.  Miller  have 
organized  the  C.  E.  Silbaugh  Co.  of  Caldwell,  Idaho,  with  a  cap- 
ital stock  of  $25,000  and  will  engage  in  a  general  contracting 
business. 

H.  M.  Mayo,  former  manager  of  the  industrial,  immigration 
and  advertising  department  of  the  Southern  Pacific  Ily.,  has 
been  appointed  superintendent  of  safety  over  the  nine  lines  of 
railroads  under  jurisdiction  of  Federal  Manager  W.  B.   Scott. 

John  J.  Muir  has  resigned  as  superintendent  of  the  engineering 
department  of  the  Bass  Foundry  &  Machine  Shops.  Fort  Wayne, 
fnd..  and  has  accepted  a  position  as  general  superintendent  of 
the  engineering  department  of  a  shipbuilding  company  at  Seattle. 
Wash. 

Andrew  M.  Lockett,  president  A.  Jr.  Lockett  &  Co.,  contract- 
ing engineers,  New  Orleans,  La.,  has  been  appointed  a  member 
of  the  New  Industrial  Advisory  Board  of  District  Exception 
Board  No.  1.  New  Orleans.  The  new  board  has  been  created  by 
the  government  for  handling  industrial  draft  claims. 

Edward  J.  Willis,  president  of  the  Richmond  Electric  Works. 
Richmond,  Va.,  has  been  appointed  engineer  for  the  State  Fuel 
Administration  of  Virginia.  Capt.  E.  F.  Smith,  fuel  engineer 
of  the  Richmond,  Fredericksburg  &  Potomac  Ry.  and  the  Wash- 
ington &  Southern  Ry. ,  was  appointed  assistant  to  Mr.  Willis. 

W.  E.  Dunwoody,  president  of  the  Standard  Brick  Co..  Macon, 
Ga..  has  been  appointed  a  member  of  the  executive  committee 
having  charge  of  the  distribution  of  face,  paving  and  common 
brick  for  the  United  States.  The  other  members  of  the  com- 
mittee are  William  Schlake  of  Chicago,  chairman;  George  A. 
Base.  St.  Louis;  C.  C.  Blair,  Canton.  O..  and  William  K.  Ham- 
mond, New  York. 

M.  E.  Cooley,  dean  of  the  engineering  department  of  the 
University  of  Michigan,  lias  been  made  regional  director  for  the 
district  comprising  Wisconsin.  Michigan  and  Indiana,  in  the 
student  army  training  corps,  which  it  is  proposed  to  institute 
in  the  leading  colleges  and  universities  of  the  country.  The 
work  is  instituted  under  the  war  department  commission  on 
educational  special  training,  and  Dean  Cooley,  together  with  11 
other  regional  directors,  is  working  under  the  leadership  of  R.  C. 
MacLauren,   director  of  college  training. 

Rexford  Newcomb  has  been  appointed  assistant  professor  of 
architecture  at  the  University  of  Illinois.  He  was  graduated  from 
that  university  in  1911  with  the  degree  of  bachelor  of  science  in 
architecture;  received  the  degree  of  master  of  arts  from  the  Uni- 
versity of  California  in  IPITj  and  the  professional  degree  of  master 
of  architecture  from  the  University  of  Illinois  in  1918;  director  of 
the  art  department  of  the  Long-  Beach  Polytechnic  School,  Long 
Beach.  Cal..  1912-17;  principal  of  the  Evening  High  School,  Long 
Beach.  Cal..  1913-17;  lecturer  in  architecture  at  the  University  of 
Southern  California.  1916-17.  also  lecturer  to  several  organiza- 
tions; was  engaged  in  the  pi-actice  of  architecture  in  Santa  Ana, 
Cal..  1911-17,  and  during  the  past  year  has  been  assistant  pro- 
fessor of  architecture  and  architectural  engineering  at  the  .Agri- 
cultural and  Mechanical  College  of  Texas,  serving  as  acting  pro- 
fessor of  architecture  and  architectural  engineering  from  May 
1,   191S. 


Obituaries 

il    engineer   of    Vernon. 


N. 


died 


Joseph    W.    Jenkins,    e 
Sept.    16.   aged   72. 

William  Kerr,  for  30  years  chief  engineer  for  John  Bromlej'  lV: 
Sons,   Philadelphia,   died  Sept.   14,  aged  72. 

John  Howe  Peyton,  M.  .\m.  Soc.  C.  E..  president  of  the  Nash- 
ville, Chattanooga  &  St,  Louis  Ry,,  died  Sept,  14  at  Nashville. 
Tenn.,    aged   54. 

William  Kent,  a  well  known  authority  on  the  properties  of 
sleel  and  iron  as  applied  to  structural  purposes,  died  Sept.  IS  at 
I  iarainoque.  Ont..  aged  G8.  He  was  the  author  of  The  Mechan- 
ical Engineer  Pocket  Book  and  numerous  other  books  on  me- 
chanical engineering  subjects.  From  1903  to  190S  he  was  dean 
of  the  L.  C.  Smith  College  of  Applied  Sciences,  Syracuse  Uni- 
versity. 

Martin  Schenck.  formerly  state  engineer  and  surveyor  of 
New  York,  and  also  at  one  time  connected  with  tlie  Engineers' 
Department.  New  York  City,  died  suddenly  Sept.  17  at  Albany. 
N,  Y..  aged  69  years,  Mr,  Sohenck  was  born  at  Palatine  Bridge. 
Montgomery  County.  He  was  graduated  from  the  department  of 
engineering  in  Union  College  in  the  class  of  1869.  Soon  after  his 
graduation  he  went  West  and  was  engaged  as  civil  engineer  in 
the  construction  of  railroads  in  Colorado  and  other  western 
states.  From  1881  to  18S2  he  was  engineer  for  the  contractors 
on  the  construction  of  the  West  Shore  Railroad.  In  1883  he  was 
appointed  assistant  engineer  in  the  improvement  of  the  Hudson 
River.  Four  years  later  he  was  made  chief  engineer  of  the  work, 
continuing  in  this  position  until  1891.  In  1S92  and  1893  he  was 
state  engineer  and  surveyor,  and  was  consulting  engineer  to  the 
State   Board   of  Health   in   1894   and   1895. 
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Industrial  Notes 

B.  H.  Tripp,  special  representative  of  the  Chicago  Pneumatic 
Tool  Co.  on  the  Pacific  Coast,  has  succeeded  M.  W.  Priseler  as 
district  manager  of  sales  for  the  Pacific  Coast  territory.  His 
headquarters  are  at  627  Howard  street,  San  Francisco.  The  Los 
Angelas  lirancb  of  the  company  at  521  Title  Insurance  building 
conns   iukI.i-    Mi,    Tripp's   iurisdiction. 

■Ill,  ].hli;ri  uijod  Manufacturing  Co,  has  opened  its  own 
brain  li  .iIIm  i  m  the  Union  National  Bank  building  at  Cleveland, 
Ohio,  Thi.s  ullicc  will  be  in  charge  of  Ernest  F.  Pegg,  who  has 
been  handling  the  Lidgerwood  line  for  the  W.  M.  Pattison  Supply 
Co..  their  former  agents,  and  is  therefore  familiar  with  all  the 
Ijidgerwood    products. 
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To  Conserve  Paper 

The  War  industries  Board  has  asl<ed  publi»liers  tu  cuu- 
serve  paper.  Every  pound  of  paper  saved  releases  3  lb. 
of  coal.  Accordlnely  with  thi.'!  issue  we  commence  using 
a  smaller  type  face  for  our  cilltorial  pages.  By  so  doing 
we  save  4  pages  of  text,  and  at  the  same  time  are  able  to 
i:ive  In  2i)  pages  practically  as  much  matter  as  was  con- 
tained in  26  pages  of  our  previous  Issues. 


Government  vs-  Labor  Union  Reg- 
ulation of  Competition  in 
Job  Getting 

One  of  the  greatest  lessons  that  ihu  war  has  taught  Is  the 
practicability  of  teaching  vocations  and  imparting  a  largo 
measure  of  vocational  skill  In  a  short  liiiic.  It  Is  true  that 
some  men  knew  the  possibilities  inherent  In  this  sort  of 
training  long  before  the  war  broupht  the  matter  l<>  the  at- 
tention ol  many  millions  of  men.  But  there  was  real  need 
of  a  general  recognition  of  the  merits  of  specialized.  Intense 
coumes  In  the  practical  arts,  and  this  general  recognition 
haH  at  last  been  secured,  almost  at  one  stroke. 

F'rior  to  the  war  the  labor  unions  were  strong  enough  f" 
put  serious  obstacles  in  the  path  of  vacalional  Inslructliin 
by  school  methods.  The  unions  Invariably  fought  for  the 
apprentice  system  of  vocational  training.  I'nder  that 
ancient  system  they  were  able  to  limit  the  number  of  "stu- 
dents" and  to  retard  their  progress  to  a  degree  that  few 
people  have  realized.  A  shock  of  surprise  occurs  to  most 
men  when  they  are  told  that  the  apprentice  system  and  the 
"closed  shop"  reached  their  logical  and  maxinium  efflciency 
thousands  of  years  ago  in  India  and  Asia.  The  caste  sys- 
tem that  prevails  in  those  ancient  and  unprogresslve  coun- 
tries is  nothing  else  than  the  apprentice  system  and  "closed 
shop"  principle  carried  out  with  unrivaled  effectiveness. 
The  simple  expi-illent  of  re<|ulrlng  thai  an  apprenilce  must 


'  '  the  son  of  a  master  workman  can  not  be  matched  for  Its 
'  iiectiveness  in  attaining  a  completely  closed  shop.  All  it 
needed  to  make  it  a  perfect  system  of  its  kind  was  to  pro- 
hibit any  man  from  changing  the  occupation  into  which  he 
was  born,  and  this  was  accomplished  by  the  ultimate  evolu- 
tion  ot   the  system  of  caste. 

We  see  in  the  economic  degeneracy  of  India  and  Asia  the 
inevitable  eflec*.  of  the  caste  system,  but  most  of  us  are  so 
easily  deceived  Into  thinking  that  a  difference  in  names  In- 
dicates a.  difference  in  facts  that  we  lail  to  recognize  the 
essential  kinship  between  the  modem  labor  union  appren- 
tice system  and  the  ancient  caste  system.  These  two  sys- 
tems are  blood  relatives,  brothers  of  one  purpose,  und  that 
purpose  is  to  limit  competition 

The  old  "laissez  faire"  I  letit-alone)  school  of  political 
economists  argued  that  competition  should  never  be  re- 
stricted, and  they  called  upon  men  in  the  name  of  freedom 
to  oppose  all  restriction  of  competition.  But  most  think- 
ing men  have  come  to  see  that  competition  has  its  eco- 
nomic evils  as  well  as  its  economic  merits,  and 
there  is  consequently  a  growing  determination  to 
put  artificial  restrictions  on  competition.  If  restriction 
is  to  be  made  effective  shall  II  be  by  the  power 
of  labor  unions  or  by  the  power  of  government  itself?  The 
answer  is  about  to  be  fought  out,  but  we  may  safely  pre- 
dict that  the  government  win  eventually  regulate  al!  com- 
petition. .Mready  It  has  done  so  in  the  public  utility  and 
railway  held:  and  if  our  govenimeni  continues  to  train 
men  and  women  for  vocational  pursuits,  it  must  inevitably 
regtilati-  the  number  who  receive  training  In  each  vocation. 

.Many  of  me  principles  for  which  labor  unionists  and 
socldllsis  contend  are  sniinil  The  unions  are  economically 
right  In  urging  that  the  number  of  men  permitted  to  enter 
a  given  triid<-  should  be  limited  The  socialists  are  econom- 
ically right  In  their  contention  that  part  of  the  cause  of 
high  retail  prices  Is  the  existence  of  unrestrained  competi- 
tion. But  in  the  proposed  cures  of  these  economic  Ills  both 
the  unionists  and  Moclailsts  are  largely  wrong.  The  on<> 
proposes   remedies   that    lead   toward   the  ancient    system  of 
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class — imposed  slavery  called  caste.  The  other  proposes 
remedies  that  largely  eliminate  the  incentive  of  personal 
ambition  through  the  public  seizure  of  all  profits. 

The  war  has,  in  many  ways,  brought  to  the  front  great 
economic  problems  that  have  been  discussed  for  gener- 
ations and  that  will  soon  demand  solution.  It  devolves  up- 
on every  thinking  man,  and  particularly  upon  those  who 
have  had  scientific  training,  not  merely  to  study  these  great 
social  economic  problems,  but  to  take  an  active  pan  in  their 
solution. 


A  Novel  Experiment  in  Teaching 

and  Its  Value  as  a  Lesson 

in  Logic 

For  many  years  it  has  been  debated  whether  it  is  better 
to  present  facts  to  students  from  a  text-book  or  by  the  lec- 
ture method.  Those  who  have  debated  the  question  have 
apparently  not  realized  that  they  v,-ere  trying  to  solve  an 
economic  problem  without  quantitative  data,  and  that  they 
were  therefore  attempting  the  impossible.  But  the  debates 
have  fared  merrily,  if  not  scientifically,  on.  At  last,  how- 
ever, one  of  these  debaters  has  thought  it  worth  while  to 
secure  and  publish  some  numerical  data  bearing  upon  the 
subject. 

Prof.  F.  G.  Higbee  has  conducted  an  experiment  in  teach- 
ing certain  problems  in  descriptive  geometry,  and  has  ascer- 
tained that  after  one  lecture  only  11  per  cent  of  the  stu- 
dents were  able  to  pass  an  examination  showing  that  they 
had  fully  grasped  the  principle  that  had  been  discussed  by 
the  lecturer.  A  similar  principle  was  then  taught  from  a 
text-book,  and,  upon  examination,  75  per  cent  of  the  stu- 
dents showed  that  they  understood  it. 

Further  tests  were  made,  as  explained  in  the  article  by 
Prof.  Higbee  elsewhere  in  this  issue.  We  believe  that  most 
of  our  readers  will  profit  from  the  reading  of  that  article, 
not  only  because  it  tends  to  show  the  superior  merit  of  text- 
book teaching  of  certain  things,  but  more  particularly  be- 
cause it  is  a  good  object  lesson  in  the  scientific  method  of 
solving  an  economic  problem.  We  call  it  an  economic  prob- 
lem, and  so  it  is;  but  doubtless  it  has  not  hitherto  appeared 
to  be  economic,  else  many  more  "experiments  in  teaching" 
like  this  would  have  been  made.  Wherever  the  question  is 
one  involving  the  element  of  time,  in  learning  a  principle 
or  fact,  it  is  as  truly  an  economic  question  as  one  involving 
the  cost  of  building  a  road.  In  the  latter  case  cost  data  are 
evidently  necessary  in  solving  the  problem  of  minimum  cost 
of  the  highway.  In  the  former  case,  time  data  are  equally 
essential  to  a  correct  determination  of  the  relative  merits 
of  the  lecture  method  and  the  text-book  method,  but  very 
few  debaters  have  clearly  recognized  this  fact. 

It  is  really  astonishing  what  a  multitude  of  subjects  there 
are  upon  which  men  debate  endlessly  without  perceiving 
that  endlessness  is  a  characteristic  of  qualitative  arguments 
where  economics  is  involved.  This  habitual  failure  to  rec- 
ognize the  quantitative  nature  of  so  many  economic  prob- 
lems has  been  fostered  by  the  unscientific  teaching  of  many 
subjects,  and  by  the  custom  of  public  debating.  Debating 
societies  have  developed  many  a  glib  tongue  and  have  coin- 
cidently  stunted  many  a  logical  mind.  Witness  our  city 
councils,  our  state  and  national  legislatures  and  the  edi- 
torial columns  of  our  daily  papers.  A  lava  of  language 
pours  daily  forth,  burying  deep  the  substrata  of  quantitative 
facts.  And  the  pity  is  that  those  who  so  industriously  and 
continuously  flow  words,  rarely  recognize  the  need  of  ex- 
perimental data. 

Reverting  to  the  article  that  led  to  the  writing  of  this  edi- 
torial, we  do  not  infer  from  Prof.  Higbee's  experiment  that 
the  text-book  method  has  thus  been  shown  to  be  universally 
more  economic  than  the  lecture  method.  It  should  be  par- 
ticularly observed  that  his  experiment  throws  no  lisht  on 
the  value  of  lectures  as  means  of  inspiring  interest  and  en- 
thusiasm. The  spoken  word,  when  well  spoken  by  an  ex- 
perienced teacher  of  original  and  sympathetic  nature,  will 
always  be  unrivaled  as  a  mental  stimulus,  we  believe;  yet 
we  must  admit  that  this  belief  is  founded  only  on  an  ex- 
perience that  has  never  been  measured  quantitatively. 


What  Is  the  Value    of    a    Month 
Saved  in  Building  a  Road? 

During  1916  and  1917  there  were  164  highways  finished 
and  accepted  by  the  State  of  New  York.  These  road  con- 
tracts averaged  3.5  miles  each,  and  the  average  time  from 
the  award  of  the  contract  to  the  completion  was  18  months. 
If  the  annual  cost  (interest,  depreciation  and  repairs)  is 
$1,500  per  mile  of  improved  road,  and  if  the  average  time 
of  construction  is  5  months  per  mile,  then  the  public  has 
saved  $1,500  X  (5  -^  12)  =  $625  per  mile  during  the  aver- 
age period  of  road  construction  in  New  York  State,  or  $125 
per  mile  per  month.  But,  on  the  other  side  of  the  ledger, 
what  has  the  public  lost  during  the  same  period?  Mr.  S. 
E.  Fitch,  of  the  New  York  State  Highway  Department,  in  a 
recent  article,  has  answered  the  question  by  saying:  "The 
annual  cost  may  safely  be  taken  as  the  minimum  value  per 
year,  otherwise  it  would  be  a  mistake  to  build  the  road  at 
all."  And  he  suggests  that  the  state  could  well  afford  to 
give  the  road  contractor  a  substantial  bonus  for  beating  the 
average  construction  time.  Thus,  if  5  months  were  fixed  as 
the  standard  construction  time  per  mile  of  road,  Xew  York 
State  could  profitably  pay  the  contractor  a  large  part  of 
$125  for  each  month  saved  on  each  mile  of  road  built. 

The  suggestion  is  certainly  thought  engendering.  It 
might  be  replied,  however,  that  a  fragment  of  paved  road 
is  annually  worth  to  the  public  only  a  fraction  of  its  annual 
cost.  Thus  a  3-mile  stretch  of  paved  road  ending  in  mud 
at  both  ends,  may  be  worth  little  if  any  more  to  the  public 
than  3  miles  of  mud  Other  objections  to  this  method  of 
valuing  the  time  saved  in  road  construction  will  occur  to 
the  reader,  but  the  fact  will  remain  that  some  method  of 
measuring  that  value  should  be  devised  and  it  should  be 
given  economic  weight  either  in  selecting  the  contractor  or 
in  paying  him  for  his  work. 


Taxation  of  Profits  as  a  Factor  in 
Price  Regulation 

Henry  George,  in  his  "Progress  and  Poverty,"  advocated 
the  abolition  of  all  taxes  save  a  tax  on  land,  making  that  tax 
high  enough  to  absorb  all  the  rent  value  of  the  land.  His 
"single  tax  theory"  was  based  on  fallacious  reasoning.  In- 
deed there  are  few  richer  mines  of  fallacies  than  George's 
celebrated  book,  for  he  had  no  conception  of  the  logical 
principle  called  the  "plurality  of  causes."  Nevertheless 
there  was  real  merit  in  his  suggestion  that  the  public  should 
share  in  the  "unearned  increment"  in  land  values. 

We.  are  now  witnessing  a  radical  application  cf  this  idea 
in  the  income  tax,  which  is  so  adjusted  as  to  absorb  a  large 
part  of  the  profits  of  corporations  that  have  benefited 
greatly  from  the  war.  The  thought  suggests  itself  that, 
having  once  put  into  efiect  a  system  of  taxing  "unearned  in- 
crements," there  is  likelihood  that  the  system  will  be  re- 
tained indefinitely.  And  another  thought  associates  itself 
with  this,  namely,  that  by  such  a  system  of  taxation  the 
government  may  partly  solve  the  difficult  problem  of  price 
fixing. 

For  several  years  it  has  been  evident  that  eventually  the 
government  would  regulate  not  only  the  prices  charged  by 
railways  and  public  utilities,  but  would  extend  the  scheme 
of  price  regulation  to  all  monopolies,  and  perhaps  to  many 
partial  monopolies.  But  in  the  latter  case  there  has  ex- 
isted the  objection  that  if  the  government  fixed  a  price  for 
any  product,  some  producers  would  make  a  huge  profit 
while  others  would  make  little  or  nothing  and  might  be 
forced  out  of  business.  Suppose,  however,  the  government 
were  to  absorb  all  excessive  profits  by  a  system  of  income 
taxation  aimed  to  prevent  "profiteering,"  what  then? 

A  more  serious  objection  to  government  price  regulation 
is  found  in  the  removal  of  much  of  the  incentive  to  reduce 
costs  of  production.  If  superior  ability  in  reducing  costs 
results  only  in  seeing  the  entire  increment  in  profits  seized 
as  taxes,  men  are  apt  to  cease  exerting  themselves  greatly 
to  improve  economic  methods  and  machinery.  Already  we 
see  the  doleful  effects  that  such  a  price  regulating  policy 
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bait  had  upon  our  ralUayn  and  public  ulllltleii.  l»  lher« 
auy  iiilU  course  by  which  truly  ••uiifariied  Incri-menls"  can 
bo  laken  In  larKe  part  by  luxation,  while  truly  turned  In 
crenu-nts  can  be  liirs«'ly.  If  not  entlri'l).  Klvcn  to  those  who 
have  i-arned  them?  Wo  bellove  thore  Ih  home  mid  courno 
that  will  steer  between  the  exiremen  of  KotlalUin  and  the 
extreineH  of  unreKulated  Indlvlduallmn  In  koIvIdk  this 
creat  economic  problem— the  KreateKt  that  confronts  Amor 
lea— enslneerx  should  play  an  Important  part. 


The  Migration  of  Enj^iiieers  From 

Purely  Profes.sioival    to 

Manaj^erial  Positions 

When  Itif  lll^u>r>  111  .•iii;iii.-.riiit;  .  i.ii..  »  U.  be  written,  the 
ftrst  two  decades  of  the  twentieth  century  will  be  recorded  as 
thellntt  part  of  the  era  of  the  mlBrutlon  of  enK'neers  from  pure- 
ly professional  Into  executive  oicuputlons  KnlerlnK  the  realm 
of  manaKement,  ihey  created  a  science  oi  miinaKement.  .\t 
Omt  confining  their  managerlul  activities  to  public  utilities, 
factories  and  mines,  they  soon  enlarscd  the  held  to  include 
political  affairs.  It  was  In  the  political  arena  that  civil  en- 
gineers naturally  did  more  than  enslneers  of  other  branches 
of  the  great  profession  of  engineering. 

In  his  presidential  address  before  the  Southwestern  So- 
ciety of  Knglneers.  Dean  A.  F.  Barnes,  of  the  E^ngineerlng 
School  of  New  Mexico,  A.  &  M.  College,  said: 

|,i,,  '.    ciiKiiiefr   ha.s  ln-cii   r.iiitenl   to  take  a 

luiclt    .  I    han   hern    too  well    satlsllcd    with   th<- 

[iraiH.  .pcrlor.   Ii-uvIiik   the  oc<-uiMim-y  of  state 

.,,,1   •  .■  iK>lltUliin  and  the  lawyer.     With  the 

,  i     iMi.M    <<)untO'    has    come    the    IntenslfylnK 

irm-  iiumhcrK  of  men  iiuulllled  to  till  executive 
'i-i       Hut  with  this  mifortuimt.-  comlltton  that 
•i;     liii.i   come    the    complete    n-comiltlon    that 
1    thi-  hour.  If  not.  in  fact,  the  savior  of 
evident    l>y    the    formation    of    many 
-sli.ns.   the   personnel  of  which   Is  com- 
,  .    anil    further.    It    Is   apparent    by   even 

li  ,,i.-i.il  ;ii\.-t  --.I'l'ii  •  f  ilie  proliKma  of  this  war.  that  the  engi- 
neer niu.«t  make  k-ood  If  we  are  to  win.  *  *  *.  ^  ,  , 
V»  to  thf  plan-  of  the  .-nKlneer  In  the  world  at  the  close  of 
hostilities,  ther.-  Is.  I  believe,  but  one  answer,  and  that  Is.  he 
win  stand   In   the  puhllc  eye  as  the  man  of  the  country 

Further  he  must  Iw-ar  the  burdens  of  the  upbulldlnK  of  a 
brokrn  tCurope  and  play  the  principal  role  In  transferring  the 
Industries  of  this  country  from  a  war  to  a  pi-ace  fooling.  His 
worth  will  be  well  understood  and  will  result  In  his  more  and 
more  IM-Int;  called  upon  to  occupy  executive  positions  both  In 
industrial  and   in  public  life. 

In  the  recent  primaries  In  Nevada  two  former  state  engi- 
neers ran  for  the  subernalorial  nomination,  one  on  the  re- 
publican ticket  and  one  on  the  den;ocratic  ticket.  The  for- 
mer failed  of  nomination  but  the  latter  was  nominated;  and, 
having  already  served  one  term  with  credit.  Is  likely  to  be 
reelected.     We  refer  to  Ciov.  Kmmet  D.  Boyle. 

Recently  the  president  appointed  a  civil  engineer.  Thomas 
Rlggs,  Jr..  as  governor  of  .Alaska.  These  are  but  political 
straws,  but  enough  of  them  are  carried  on  the  breeze  to  In- 
dicate that  the  day  may  not  be  far  disUinl  when  an  engineer 
will  be  president  of  the  Tnilcd  Slates.  In  recent  years  the 
names  of  (!en.  fleorge  W.  Goethals.  a  great  civil  engineer, 
and  John  Hays  Hammond,  a  great  mining  engineer,  hive 
been  prominently  mentioned  by  the  daily  papers  as  being 
fit  "presldenllal  timber."  The  marked  executive  ability  of 
another  mining  engineer.  Hoover,  as  food  administrator,  has 
led  to  his  being  spoken  of  as  a  possible  presidential  can- 
didate. 

Yes.  "the  world  moves"  and  largely  because  englne"rs 
are  moving  the  world. 


What   Should    a    City   Enj^ineer's 
Annual  Report  Contain? 

f)ne  of  our  jouriiallslb-  contemporaries  pertinently  asks: 
"In  the  general  <rusade  for  economy  why  not  apply  It  to 
the  saving  of  a  f-w  tons  of  paper  by  cutting  all  useless 
matter  out  of  municipal  reports?  Thousands  of  pages  i>( 
municipal  reports  are  printed  every  year  that  no  one  reads 
but  the  proof read«T.  and  he  has  to  be  paid  to  do  It." 

The  question  Is  timely  and  the  comment  Is  Irno.  There 
has  been  too  little  thought  given  to  the  utllHy  of  the  data 
printed  In  reports     However.  11  Is  to  be  hoped  that  city  en 


flnetrs  and  ether  rliy  ofltcials  will  not  ko  tu  the  extreme 
of  ptHparing  reports  solely  (ur  the  enltKhteumunt  o(  the 
taxpayers  In  their  cities.  U  that  were  done  a  great  deal 
of  matter  of  value  tc  other  city  encineers  would  never  b« 
published. 

The    Art    of    Writing     Proposal 
Advertisements 

From  the  point  uf  view  of  the  lotitraclnr.  the  average 
proposal  advertisement  Is  not  satisfactory.  The  contractor 
desires  first  to  know  the  approximate  sl/e  of  the  Job  in  dol- 
lars. This  tells  him  whether  the  work  Is  large  enough  to 
warrant  his  shipping  his  plant  to  the  Job.  He  desires  next 
to  know  the  quantities  of  the  principal  Items  In  the  biddlntr 
sheet.  He  Is  not  particularly  concerned  utout  the  !!.!!i..: 
Items  of  a  Job.  unless  the  Job  Is  so  large  that  the  r>'Ii'  • 
Mnall  Items  are  absolutely  large.  On  a  road  Job.  foi  •  \.ir 
pie,  he  wants  the  quantities  of  excavation  and  of  paving,  a.-. 
well  as  the  mileage  and  width  ol  pavement.  If  there  Is  any 
considerable  yardage  of  culvert  and  bridge  masonry,  this 
should  be  given.  Hut,  as  .i  rule,  such  minor  Items  as  Iron 
culverts,  lences  and  guard  rails,  etc..  need  not  be  stated  In 
the  advertisement.  The  space  usually  taken  up  In  naming 
the  minor  items  can  be  used  to  better  advantage  in  slating 
the  time  limit,  penalty  and  bonus  provisions,  and  other 
general,  but  important  ilauses  of  the  contract. 

If  the  engineer  will  try  to  put  himself  In  the  place  ol  the 
contractor  who  reads  the  advertisement,  he  is  not  apt  to 
go  far  astray  in  writing  the  advertisement.  One  of  the 
common  causes  of  unsatisfactory  proposal  advertisements 
is  found  In  the  fact  that  engineers  do  not  write  them,  ('lt.% 
or  county  clerks  frequently  prepare  the  "proposals."  and 
they  can  not  be  expected  to  know  Just  what  a  contractor 
would  like  to  be  told. 

It  Is  the  essence  of  all  good  advertising  to  Interest  and  to 
Inform  the  reader.  Proposal  advertising  should  at  all  times 
perform  those  two  functions,  but  at  the  present  time  there 
Is  an  unusually  Imteratlve  reason  for  doing  more  than 
merely  to  announce  that  "bids  will  be  received"  on  such  and 
such  a  date  for  such  and  such  a  kind  of  work.  The  city, 
county,  .state  or  government  has  a  Job  for  sale,  and  a  good 
salesman  will  always  present  the  facts  truthfully,  as  fully 
us  need  be,  and  attractively. 

Recently  there  have  been  no  bidders  at  all  on  several  Im- 
|)ortant  contracts.  It  is  commonly  believed  that  when  no 
bids  are  offered  all  contractors  either  regard  the  work  as 
too  risky  or  the  conditions  as  loo  onerous  But  this  Is  not 
always  the  case  by  any  means.  If  the  propo.sal  advertise- 
ment tells  next  to  nothing  about  the  Job.  and  particularly 
If  It  does  not  indicate  what,  if  any,  clauses  In  the  contract 
relieve  the  contra-.-toi  from  at  least  part  of  the  risk.  Is  it 
10  be  expected  that  many  contractors  will  spend  time  and 
money  to  visit  the  site  of  the  work  ind  study  the  plans, 
speclflcatlcns  and  contract?  .Many  engineers  are  prone  to 
blanie  contractors  for  everything,  even  for  not  bidding. 
They  would  be  wiser  were  they  to  talk,  man  to  man.  with  a 
good  many  contractors,  seeking  the  contractors'  viewpoints. 
It  takes  two  to  make  a  bargain,  and  if  the  seller  Is  wholly 
Inconsiderate  of  the  buyer,  he  Is  pretty  apt  to  make  either 
few  or  poor  sales.  Kven  when  an  Inconsiderate  salesman 
makes  a  sale.  It  Is  likely  to  prove  a  bargain  unsatisfactory 
lo  both    |i.iriie-i 

The  Pay  of  the  Engineer 

To  the  Kdltor:  I  have  read  with  much  Interest  the  arti- 
cles In  your  Issue  of  Sept  4th.  dealing  with  the  salaries  of 
engineers.  I  am  Indeed  glad  to  know  that  your  maKadne 
Is  giving  this  subject  the  nilentlon  It  deserves. 

The   fact   is  that   ei-.  the  ptKirest   paid   men  of 

i,ii>   rii  iiKiiiied  profc  le  of  our  most  prominent 

engineers   have.  In   ii  ire.  been   instrumental   In 

holding  down  the  sulancs.  of  engineers  Such  a  thing  Is 
most  deplorable  and  I  doubt  If  It  Is  true  In  a  number  of  the 
other  professions. 

If  .in  engineer  Is  luck)  enough  lo  save  a  small  amount  of 
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money  on  one  job  he  usually  expends  all  his  savings  seek- 
ing a  new  position;  and,  after  having  followed  the  practice 
f)f  his  profession  for  about  20  or  30  years,  he  finds  he  has 
been  thrown  in  contact  with  a  great  many  people  and  that 
he  has  been  privileged  to  see  a  large  part  of  this  globe,  but 
be  neither  has  home  nor  bank  account. 

The  engineers  have  been  loath  to  advertise  their  work. 
The  layman  does  not  appreciate  the  value  of  an  engineer  to 
civilization,  and  when  one  stops  to  think  that  practically 
everything  in  this  world  not  made  by  Nature  which  is  of  use 
to  man  is  the  work  of  an  engineer,  his  importance  looms 
large  in  the  eyes  of  a  few,  but  the  world  at  large  shows  lit- 
tle appreciation. 

It  would  seem  to  me  that  some  organization  should  be 
formed  to  furnish  information  to  the  press  of  this  country, 
showing  why  engineers  are  so  necessary,  what  they  have 
done  and  above  all  pointing  out  the  fact  that  they  are  en- 
litled  to  a  living  wage. 

History  records  the  fact  that  it  has  been  and  is  today  most 
difficult  for  any  engineer  to  have  legislation  enacted  either 
in  the  various  States  or  the  Nation;  I  mean  legislation,  not 
particularly  beneficial  to  the  engineer  from  a  financial 
standpoint,  but  that  which  deals  with  the  upbuilding  of  our 
country.  In  very  few  legislatures  of  the  various  states  do 
the  engineers  have  any  representation — the  same  is  true  in 
I  he  Congress  and  the  Senate  of  our  country,  and,  on  many 
of  the  Boards  where  engineers  should  be  appointed,  we  find 
their  places  filled  with  men  of  other  professions. 

If  engineers  were  taught  the  art  of  public  speaking  and 
if,  as  has  been  stated,  they  understood  a  little  more  about 
advertising,  perhaps  they  would  be  able  to  tell  the  people 
what  they  are,  and  why  they  are,  and  then  they  would  be 
appreciated  a  great  deal  more. 

I  am  glad  to  see  that  you  have  taken  hold  of  this  matter 
in  earnest  and  I  sincerely  trust  that  you  will  consider  it  of 
sufficient  importance  to  write  about  it  most  freely. 

Rodman    Wiley, 
Commissioner  of  Public  Roads  of  Kentucky. 

Frankfort,  Ky. 


Tar  Concrete   Foundation  for  Brick 
Pavement 

In  an  address  before  the  National  Paving  Brick  Manu- 
facturers' Association,  Mr.  John  S.  Crandell,  gave  the  fol- 
lowing specification  for  a  tar-bound  base.  The  specification 
was  prepared  by  Mr.  Crandell  at  the  request  of  a  number 
of  men  in  the  association: 

After  the  roadbed  is  thoroughly  drained,  shaped  to  sec 
tion  and  rolled,  a  layer  of  stone  or  slag  4  in.  deep  is  spread 
and  rolled  and  the  voids  filled  with  sand  or  screenings. 
Upon  this  filled  base  is  placed  the  waterproofing  course, 
which  is  rolled  on  a  finished  depth  of  3  in.,  and  consists 
of  stone  passing  a  214-in.  ring,  and  retained  on  a  l^^-in. 
ring.  Screenings  or  sand  is  then  used  to  fill  the  voids,  and 
the  road  is  thoroughly  rolled  until  there  is  no  movement  of 
the  stone  under  the  roller.  Water  may  be  used  to  help 
carry  the  sand  into  the  voids.  When  the  road  is  dry,  a  gal- 
lon of  Tarvia  B.,  cold,  is  applied  per  square  yard  in  two 
uniform  applications.  The  Tarvia  is  allowed  to  penetrate 
the  road,  and  a  light  covering  of  sand  is  added  to  prevent 
the  roller  from  picking  up  the  Tarvia.  When  this  has  been 
well  rolled,  a  %-in.  course  of  sand  and  Tarvia  B  is  spread, 
in  the  proportion  of  90  per  cent  sand  and  10  per  cent  Tai"via. 
This  is  spread  uniformly,  and  the  bricks  are  laid  on  it,  fol- 
lowing the  usual  specifications.  The  joints  are  filled  with 
pitch  or  pitch  mastic. 


Continuous  Dragging  of  Heavy  Traffic  Gravel  Roads  Gives 
Good  Results. — On  some  of  its  heavier  traveled  gravel  roads 
the  Michigan  Highway  Department  has  found  that  contin- 
uous floating  with  a  road  float  gives  very  good  results.  In 
these  cases  a  trip  is  made  over  each  road  every  day  re- 
gardless of  weather  conditions.  It  is  necessary  to  add 
gravel  in  such  amounts  as  will  insure  that  there  is  always 
a  thin  layer  of  loose  material  present  on  the  road  surface 
This  gravel  should  not  contain  pebbles  larger  than  %  to  % 
in.  and  should  contain  a  sand  or  loam  filler. 


Pavement  Planer  Method  of  Fin- 
ishing Concrete  Roads 

By  E.  EARL  GLASS. 
On  a  part  of  the  Pomona  Boulevard  in  Los  Angeles 
County,  California,  the  County  Road  Department  has  re- 
placed the  bituminous  macadam  pavement  with  a  half  mile 
of  concrete  5  in.  thick  by  24  ft.  wide.  The  ground  water 
stands  only  a  foot  below  grade  at  this  point  and  the  mac- 
adam failed  by  overloading  the  unstable  subgrade.  A  traf- 
fic census  for  the  month  preceding  the  replacement  shows 
an  average  daily  traffic  as  follows: 

AVERAGE  DAILY  TRAFFIC  ON  POMONA  BOULEVARD  AT 
SAVANNAH. 

Number  of  horse    vehicles    59 

Nunil3er  of  motorcycles    '.'.'.'..'.'.        56 

Number  of  automobiles     '.'..'.'.'. 2  626 

Number  of  motor   trucks 333 

Horse  traffic 116.032  tons         7.248  ton  feet' 

Motor  traffic   4.348.136  tons     271.755  ton  feet 


Total    4,464.168  tons     27H  003  ton  feet 

*At    16    ft.   actual   traveled   width   of  the  old   road. 

The  oiled  macadam  pavement  did  well  to  serve  6  years 
under  a  heavy  motor  traffic  and  these  conditions,  before  re- 
pairs became  excessive. 

Some  features  of  the  concrete  work,  particularly  the  fin- 
ishing, are  of  interest.  To  permit  construction  without  de- 
touring  traffic,  only  half  of  the  width,  12  ft.,  was  built  at  one 
time.  The  south  half  of  the  old  macadam  was  first  broken 
up  by  a  roller  and  rooter  and  the  stone  used  as  far  as  pos- 
sible to  reinforce  the  subgrade  after  rough  grading.  When 
rolled  by  a  13-ton  gas  roller,  this  provided  a  good,  uniform 
base  for  the  concrete   slab. 

The  forms  were  an  improvement  on  the  2  in.  lumber  ordi- 
narily used  for  headers.  Odd  lengths  of  1  in.  x  5  in.  boards 
were  nailed  together,  breaking  joints  and  securely  fastened 
to  stout  stakes  driven  at  5  ft.  intervals.  All  stakes  were 
driven  or  cut  off  flush  with  the  header  to  prevent  interfer- 
ence with  the  finishing  tools.  These  continuous,  doubled 
forms  were  more  rigid  than  the  butt  jointed,  2  in.  strips  as 
there  were  no  joints  to  yield  under  the  tamping  of  a  heavy 
templet;  they  held  their  alignment  better  and  were  easy  to 
fit  to  curves. 

A  13B  Poote  mixer  was  used  with  1%  bag  batches  and 
the  slightly  stiff  concrete,  as  placed  by  the  spoutman,  was 
struck  off  with  a  2  in.  x  5  in.  board.  It  was  then  thoroughly 
tamped  by  the  straight  templet  and  about  15  minutes  after 
placing,  the  surplus  water  was  removed  by  the  roller.  This 
was  a  6  ft.  length  of  S  in.  steel  pipe  weighing  100  lb.  Three 
times  over  sufficed  to  leave  the  concrete  dense  and  work- 
able. 

Now  follows  the  tool  that  makes  this  finishing  method 
distinctive.  It  was  a  stiff  straight-edge  fitted  with  long  iron 
pipe  handles,  hinged  at  the  middle  of  the  board  and  fitting 
in  a  slide  at  each  end  so  the  planer  may  not  be  lifted  from 
the  forms.  The  tool  was  sawed  and  pushed  along  on  the 
forms,  the  excess  material  being  removed  as  it  pushed  up 
ahead  of  the  straight-edge.  Wherever  the  concrete  was  not 
carried  ahead  of  the  edge,  more  was  added  to  fill  the  depres- 
sion. In  this  way  the  surface  was  struck  to  a  true  straight 
section  and  not  even  a  slight  hump  or  hollow  could  get 
past.  Three  times  over  was  usually  sufficient  to  leave  the 
pavement  as  a  practically  perfect  plane.  The  amount  of 
concrete  removed  by  the  planer  on  an  apparently  satisfac- 
tory surface  proves  the  efficacy  of  the  tool.  It  will  be  noted 
that  the  concrete  strip  was  only  12  ft.  wide.  The  tool 
would  not  prove  so  satisfactory  en  greater  widths  hut  most 
of  the  pavement  replacements  in  this  county  are  built  In 
half-widths  for  the  convenience  of  the  traveling  public.  The 
straight  half-section  is  favored  for  the  low  crowns  of  our 
good  roads,  as  it  gives  a  uniform  drainage  slope  from  the 
center  to  shoulder,  rather  than  the  practically  flat  mid-sec- 
tion of  the  curved  cross-section. 

After  the  planer,  the  surface  was  finished  with  a  10  in. 
canvas  belt  which  was  sawed  over  the  surface  twice  to 
work  the  top  and  then  drawn  straight  towards  the  mixer. 
The  finished  surface  was  of  good  texture,  entirely  free  from 
laitance,  and  will  pass  rigid  straight-edge  inspection.  Wide 
Carey  felt  strips  were  placed  at  each  noon  and  night  stop. 
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The  ffit  projected  3  In.  and  the  Hurfure  of  th  econcrete  wan 
carefully  troweled  at  the  Joint  to  avoid  the  sIlKht  rldK<-  «<> 
couimuuly  left  at  the  felt  Jointii  The  felt  wan  later  cut  ofT 
with  a  aharpedeed  Hhovel  ThU  method  Is  found  uuich 
better  than  trying  to  place  the  felt  ulrlpa  Juiit  fluMh  with  the 
Kurface. 

An  foon  n»  the  concrete  wax  net  aumdently,  earthen 
dike*  were  built  along  the  editeii  and  ucroiiii  the  iilab  at  In- 
terval!) depending  on  the  grade,  dividing  It  Into  checks 
which  were  kept  niU-d  with  water  for  H  duyK  (o  InHure 
proper  neatonlng  of  the  concrete  Then  the  eiirlh  was  re- 
moved with  a  grader  and  the  road  opened  to  truffle. 

A  Hniall  waMh  near  the  middle  of  the  Job  wan  croHxed  by 
depresMlng  the  pavement,  so  an  to  conllne  the  ordinary  flow 
to  the  "dip."  Thlit  waterway  carricK  only  a  Kinall  Hlrenni 
for   about    one    month    each    year   and    would   only    interfere 


U.S.  Highways  Council  Policy  on 
Lsc  of  Hituminous  Materials 

To  niei't  the  enormouH  imreane  in  the  di-mnnd  for  fuel 
oil  due  to  war  actlvlllea.  It  ha*  become  neccKpary  to  re;- 
ulate  the  supply  of  petroleum,  aaphall.  and  tar  product* 
for  highway  work.  Mont  of  theite  mati  rlala  are  made  from 
mw  produclH  which  are.  either  directly  or  Indirectly  avail- 
able aH  fuel.  The  g<-neral  policy  of  the  I'niled  States  Ml;;b- 
ways  Council  in  this  mutter  Is  set  forth  In  ilulletin  No.  * 
issued  recently  by  the  Council.  Extracts  Ironi  the  Uulletln 
follow : 

The  limited  supply  of  petroleum,  asphalt,  and  tar  prod- 
ucts should  logically  be  used  where  it  will  be  of  greatest 
benefit  to  the  coiintrv  a'  a   whole 


Concrete    fror 
Stde    Formi. 


i-hino    Tools.      Flo-    2 — Pavement    Pl.iner    in    Use    on     ^2.Ft      Concrrlc     Strip.     Roller     .it     Left        Fig      3— Renio^.na     E>ce>l 
Straight    Edge.      Fig.    A — Projecting    Edge    of    Wide   Joint  Felt  and  Joint  Finishing   Bridge.     Shows  Also   Double   Board 


with  tralBc  during  exceptional  floods.  These  usually  last 
only  a  few  days  and  the  dip.  as  described  has  a  greater 
storm  capacity  than  any  ordinary  bridge  oV  culvert.  Mr.  K. 
II.  Joyner  is  the  County  Koad  ComnilsKloner  and  Mr.  (irant 
Krlcl  was  district  engineer  In  cburgo  of  "'I-  •■^■■rU 


Road  Sprinkling  by  State  Highway  Oep.irtment.  I  Hiring 
the  latter  pari  of  last  scnsun  lln-  SInle  IliKJiway  Kngineer 
of  hiaho  placed  two  auto  sprinkling  trucks  of  l.i'ilii-gal.  tank 
(apaciiy  at  work  In  the  Twin  Fulls  and  I'ocutello  districts 
on  unsiirfaced  roads.  The  surfaci-  was  a  light  volcanic  soil 
and  many  places  were  practically  Impassable  from  deep 
dust  and  chuck  holes  The  application  of  water  soon  be 
gan  to  bring  thi'  roads  to  a  Hrmer  condition,  and  doubtless 
was  the  means  of  saving  the  roads  In  that  section  from  very 
•erlous  ln)palmient 


I'pon  the  assumption  that  the  u«e  of  a  certain  amount 
of  these  products  is  absolutely  necessary  to  the  welfare  of 
the  country  and  to  the  successful  prosecution  of  war  meas 
ures,  conHerviitlon  ol  pre<i«  nl  .••tock  for  the  most  nt-cessary 
purposes,  releases,  for  the  manufacture  of  fuel  oil.  crude 
materials  which  would  otherwise  have  to  be  U8e<i  in  the 
manufacture  of  road  materials.  All  grades  and  ivtw^s  of 
petroleum,  asphalt,  and  tar  products  a:  '     -.-d 

as  potential   fuel.     Some  of  these  pri.  :  'ly 

used  as  fuel,  others  may  be  made  suit  om- 

binatioM  with  light  fluxes,  while  otherk  laii  uul>  liu  used 
Indlrerlly  as  fuel. 

The  relative  Importance  of  dilTerent  classes  of  road  work 
were  explained  In  Itullelln  No.  1  (see  Knglneering  and  Con- 
tracting, iiept.  4.  191S).  Dust  laying  is  considered  the  least 
important  use  of  petroleum,  asphalt,  and  tar  products  dur- 
ing the  period  of  the  war. 
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No  hard  and  fast  rules  can  be  applied  to  the  policy  gov- 
erning the  release  of  petroleum,  asphalt,  and  tar  products 
for  road  purposes.  Different  and  constantly  changing  pro- 
duction, storage,  and  transportation  conditions  exist  in 
various  parts  of  the  country,  and  every  application  must, 
therefore,  be  considered  on  its  own  merits  in  the  light  of 
existing  fuel  conditions  at  that  time. 

No  special  permits  are  required  for  the  release  of  fuel 
oil  to  be  ased  in  the  operation  of  road  or  paving  plants  if 
the  'project  for  vfhich  the  fuel  oil  is  desired  has  been  ap- 
proved by  the  United  States  Highways  Council. 

No  applications  for  petroleum,  asphalt,  and  tar  products 
will  be  considered  unless  approved  by  the  proper  state 
highway  department,  except  that  application  tor  materials 
to  be  used  directly  in  work  for  the  Federal  Government  will 
not  require  the  approval  of  any  state  highway  department, 
but  must  have  the  approval  of  the  United  States  Highways 
Council. 

Crew  Organization   for   Constructing  700 
Sq.  Yds.  Concrete  Pavement  per  Day 

An  organization  capable  of  turning  out  600  to  700  sq.  yd. 
of  concrete  per  day  for  road  construction  under  conditions 
prevailing  in  Western  Washington  is  outlined  in  a  recent 
issue  of  the  Concrete  Highway  Magazine,  from  which  the 
matter  following  is  abstracted. 

Materials. — In  many  cases  sand  and  pebbles  have  been 
obtained  near  the  road  to  be  paved,  and  as  a  rule  the  sand 
and  gravel  banks  have  sufficient  elevation  to  allow  sluicing 
the  material  into  bunkers.  With  the  many  streams  in 
western  Washington,  water  fs  usually  near  by  in  large 
quantities. 

Under  these  conditions  and  with  the  following  crew  at 
the  pit  and  bunkers,  250  cubic  yd.  per  day  can  be  turned 
out. 

1  man  for  pump  and  engine. 

1  man  at  nozzle  sluicing  in  pit. 

1  man   helping  nozzle  man   removing   large   rocks,   roots,   etc. 

1  man  at  bunkers  looking  after  sand  box  and  keeping  chutes 
clear. 

Grading.— Supposing  the  road  to  be  paved  is  a  well  de- 
veloped highway  with  proper  grades  established,  and  that 
only  light  grading  is  to  be  done  prior  to  paving,  the  fol- 
lowing men  will  do  the  rough  and  fine  grading: 

1  foreman  in  charge  of  grading  and  ribbon  setters. 

1  engineer  for  caterpillar  and  roller. 

1  teamster  for  Fresno  and  wheeler. 

4  laborers,   pick  and  shovel  work. 

When  caterpillar  is  hooked  to  road  grader  and  scarifier 
one  of  the  above  laborers  is  used  on  grade  as  helper.  One 
of  the  above  laborers  also  is  used  at  times  as  teamster's 
helper. 

Ribbons. — The  grading  foreman  has: 

1   man   setting  ribbons- 

1  man    helper. 

Placing  Material. — Where  the  maximum  haul  is  4  miles, 
3  five-ton  trucks  will  handle  the  output  of  bunker  and  put 
material   on  ground  to  run  1   three-sack  batch  mixer. 

Final  Subgrade. — Two  men  are  required  hack  of  mixer 
bringing  subgrade  to  exact  dei4h  and  dragging  subgrade 
template  on  ribbons. 

Mixer   Crew  for   Three   Sack    Machine. 

1  foreman   in   charge   of  concrete   crew. 

6  men  used   on  wheelbarrow  for   gravel,    3   wheelbarrows   with 
2  men  to  each  barrow. 

2  men    are    used   on    wheelbarrows    for    sand,    1    man    for    each 

wheelbarrow. 
2  men  are  used  for  cement,  1  man  carries  cement  to  bench,    1 

man  empties  sacks  into  hopper. 
2  men   for  spreading  concrete. 
2.  men    for  rodding. 
1  man    for   finishing. 

1  engineer  on  mixer  if  gas  engine  is  used.     It  steam  mixer  is 

used  a  fireman  is  necessary. 

2  men  for  covering  finished  concrete  with  2  in.  of  earth. 

2  men  watering  earth  covering  on  concrete  less  than  10  days 

old. 
1  man  watering  subgrade. 
1   man  for  water  supply  to  mixer. 

Presuming  that  the  road  to  be  paved  is  20  ft.  wide  with  a 
1:2:3  mix  and  a  thickness  of  6-in.  side  and  8-in.  center,  the 
crew  as  outlined  above  should  lay  600  to  700  sq.  yd.  of  pave- 
ment per  day. 


Proper  Method  of  Application  of 

Bituminous  Filler  for  Creosoted 

Wood  Block  Pavements 

and   Floors 

By    LAMBERT  T.   ERICSON,  Assoc.   M.  Am.   Soc.  C.   E. 


The  necessity  of  a  bituminous  filler  for  a  wood  block 
pavement  or  floor  is  generally  conceded  by  all  engineers 
and  paving  experts,  but  the  consideration  of  the  proper 
method  of  application  and  proper  selection  of  the  material 
to  be  used  is  frequently  neglected  by  them.  The  improper 
application  and  the  use  of  unsuitable  material  has  caused, 
in  a  number  of  very  prominent  places,  such  obnoxious  con- 
ditions that  wood  block  paving  has  had  a  tendency  lo  fall 
from  the  good  graces  of  the  public.  The  ease  with  which 
this  could  be  rectified,  if  taken  care  of  properly  in  the  be- 
ginning, and  the  great  difficulty  in  removing  the  surplus 
filler  after  it  is  once  covered  all  over  the  top  surface  of  the 
pavement,  makes  it  all  the  more  to  he  regretted. 

The  bituminous  filler  is  one  of  the  most  important 
features  in  connection  with  the  whole  problem  of  wood 
ulock  paving.  A  great  many  cases  of  improper  application 
of  the  filler  have  caused  troubles  which  are  attributed  to 
bleeding  of  the  blocks  and  there  is  no  question  but  that  soft 
pitch  on  top  of  a  pavement,  when  subjected  to  the  hot  sun. 
causes  every  hit  as  much  annoyance  as  bleeding  of  the 
creosote  oil. 

In  the  first  place,  in  order  to  be  of  any  benefit  to  a  pave- 
ment, the  filler  must  penetrate  to  the  full  depth'  of  the 
joints.  It  is  important  only  as  it  accomplishes  this  func- 
tion. The  presence  of  the  filler  on  the  top  surface  is  not 
desirable  or  beneficial.  In  order  that  it  shall  so  penetrate 
the  full  depth  of  the  joints,  it  is  necessary  to  lay  the  blocks 
with  an  open  joint  construction.  Plain  rectangular  blocks 
placed  tightly  together  will  not  permit  the  penetration  of  a 
filler.  Construction  men  are  well  acquainted  with  the  fact 
that  the  bituminous  material  will  congeal  near  the  top  of 
the  joints,  whenever  the  blocks  come  into  contact  with  one 
another. 

Taking  it  for  granted  that  the  blocks  are  so  spaced  and 
laid  that  the  filler  will  properly  penetrate  to  the  full  depth 
of  the  joints,  it  is  essential  that  the  filler  be  heated  to  a 
sufficiently  high  temperature  to  be  truely  liquid  when  it  is 
iipplied.  It  should  be  heated  to  about  the  boiling  point  and 
flushed  into  the  joints  from  the  top  with  a  rubber  squeegee. 
It  is  not  possible  to  heat  coal  tar  pitch  or  asphalt  to  the 
right  temperature  in  the  large  tank  wagons  which  are  fre- 
quently furnished  to  paving  contractors  by  tar  producers. 
If  coal  tar  pitch  is  so  delivered  on  the  job  it  should  be 
drawn  off  into  smaller  kettles  of  about  200  to  .500  gal.  ca- 
pacity and  reheated  to  a  higher  temperature,  before  being 
used.  If  this  is  done  and  hard  rubber  squeegees  are  used 
to  force  the  filler  from  the  top  and  into  the  joints,  very  lit- 
tle surplus  will  remain  on  top.  The  film  will  be  so  thin 
that,  when  covered  by  a  coating  of  sharp  sand  or  stone 
screenings,  the  traffic  will  wear  it  off  m  a  very  short  time. 

The  proper  sort  of  squeegee  can  be  made  on  the  job  with 
ordinary  Rainbow  red  rubber  engine  packing  of  Vs  in.  or 
3/16  in.  thickness,  placed  between  two  1  in.  boards,  at- 
tached to  a  handle.  The  rubber  should  extend  out  about 
Vz  in.  from  between  the  boards  and  be  about  3  in.  wide  by 
18  in.  long. 

The  joints  should  be  filled  full  at  the  time  of  application. 
When  the  material  cools  off  it  will  settle  down  in  the  joints 
about  an  Inch.  Further  applications  are  not  necessary  or 
desirable  since,  if  the  joints  are  filled  completely  and  swell- 
ing of  the  blocks  occurs,  it  would  be  forced  out  on  top  and 
become  a  nuisance. 

The  top  inch  or  so  of  the  joints  should  be  filled  with  sand 
or  stone  screenings  and  the  top  of  the  pavement  should  be 
covered  with  the  same  material,  allowing  it  to  remain  as 
long  as  possible  and  to  he  worked  in  by  the  traffic. 

When  the  bituminous  filler  collects  in  undue  quantities  in 
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spots  on  tup  of  the  blookH.  it  ran  b«  worked  Into  the  joints 
Tery  advuntagcouHty  with  hut  Irons  lilmllar  tu  those  used 
by  sMphalt  pavlni;  contrartor?!  Th>'  uhc  o(  hot  Irons  of  this 
sort  has  met  with  ureat  ,  .,  number  of  lartje  JobH 

and  the  combination  i>;   -  '  <h<id  with  hot  Irons  to 

remove  any   accldeiilat   ■  ■■t  thf   bituminous   inuto- 

rial  on  top  of  the  puvfmuut,  mUI  absolutely  Insure  a  per- 
manent and  surces.iful  Job  from  the  very  beiclnnlnK- 

The  sand  In  the  top  of  the  JolntH  soon  workn  down  and 
forms  a  luastlc  with  thx  bitumen  in  (he  bottom  Any  at- 
tempt to  completely  fill  the  Joints  with  pllih  or  UHphall  will 
result  In  a  continual  mess   in  hot   weutlicr. 

When  the  blocks  are  laid  on  a  coui'tiK  of  pitch  over  the 
concrete  basi\  Ihert?  Is  fre'iu«-nlly  danKcr  of  flontlni;  of  the 
blocks.  This  noattnK  cun  be  prevented  by  sIflInK  a  little 
dry  sand  Into  the  bottom  of  the  Joints  before  the  bitumi- 
nous filler  Is  Introduced.  The  sand  (uniis  u  dam  at  the 
bottom  and  also  stiffens  the  IHIer  by  forming  u  mastic,  In 
a  short  lime      fare  niiisl   be  taken.  hoNwver,  to  see  that  too 


prevent  water  from  getting  under  pavements  and  wlU  go  a 
lone  way  toward  eliminating  expansion  and  buckling 

When  coal  tar  pitch  I*  ii"»*H  for  a  fl!!>-r  I'  "h-"!!'!  I."  of  n'tl 
less    than    M5'    K     u  ■ 
harder.     A  runxe  of  I 

best   results.     When  •  '  :i 

top  Is  brittle  enough  to  chip  ull  i^ulcki>.  uudcr  irttihc.  ibe 
oil  In  the  blocks  will  art  as  a  solvent  on  the  tar  in  the 
Joints,  cutting  It  back  enough  so  Ibat  It  will  retain  Us  elas- 
tlclty   and  adhostre  qualltle*. 


The  American  Soldier  and  French  Road* — The  Roads  of 
France,  stati-s  Major  lluby  (iarreii  of  the  A.  K.  K.,  In  a  let 
ter  lo  JiidKe  J.  M.  Uowe,  Tresldent  of  the  Uld  Trails  Asso- 
ciation, are  considered  the  arteries  of  the  (jovemment  and 
they  receive  the  same  careful  attention  as  does  an  Issue 
of  currency  or  the  enforcement  of  a  law."  Continuing.  Major 
Garrett  says: 

A    IIIIN-    whilo    itk-o    I    f.iu     ■•4-vrr.il    Kn-iif  h    dlvlalouK    i>iiK»    in 


Fig.    1- Pavement    Laid    With    Open    Joints    Filled    to    Top    With      MaBtlc.     Fig.   2— Pavement   With   Jolnti   Filled   In   Proper   Manner 


much  sand  Is  not  used:  also  to  use  dry  sand  that  wiil  drop 
down  to  the   bottom  of  the  Interstices. 

The  accompanying  photographs  illustrate  very  forcibly 
the  points  brought  out  In  this  article. 

Figure  1  represents  a  pavement  laid  several  years  ago, 
the  blocks  being  treated  with  a  particularly  high  grade, 
high  priced  oil  and  laid  with  open  Joint  construction.  The 
joints  were,  however,  tilled  to  the  to|i  with  pitch  nia.xllc 
The  contractor  was  forced  to  pitch  the  Joints  twice.  An  un- 
due amount  was  lelt  on  top  and  besides  every  tiiiie  the  hot 
sun  bits  the  street  It  comes  up  out  of  the  Joints,  making  a 
very   unpleasant   condition. 

Contrast  that  street  with  the  one  shown  In  Fig.  '.'.  where 
the  block.'  were  treated  with  ordinary  paving  oil.  This 
pavement  has  a  pilch  mastic  tiller  applied  at  proper  tem- 
perature in  the  proper  way.  It  has  never  been  dirty  or 
caused  any  inconvenience 

Careful  selection  and  heating  of  the  materials  and  In- 
■pecllon  of  the  work  «lll  correct  these  draw  backs  to  the 
use  of  bituminous  tillers  and  give  us  'lie  li|i-:il  pennanent 
and  sallsfaciory  povenienl.  The  niler  I-  nei-ili-d  not  only  to 
cement  the  blocks  tightly  In  place  but  lo  prevent  water  get- 
ting underneath  the  blocks  and  collecting  In  pockets  Super- 
flclal  water  docs  not  tend  to  make  the  blocks  swell.  Elim- 
ination of  cushions   and  the  use  of  bituminous   flilers   will 


war.    was    the 
Klant    trucks. 

•-!    »M.-   r.f  the 


trucks    uIoitK    the    }(rfut    rrtad.    whl*  !. 
iniilM    thorouKhfurc    from    Paris    to    i 
movliiK  at  20  nillox  un   hour,   used   il 
road.  carryinK  every  inuii  and  ovrr> 
vlnlons   and   ammunition    for  the   di 
with  the   normal   tratltc  of  the   ro««l 
ways  larKO  Iwdiea  of  lroop<  and  larK<     iu.> 
short   distances  can   hv    Imnsimrted    l<y    Iru 
more    economically     tti.in     ly      rri'ir.i.I        1 
lenrnt-d    a    irreat 
soldier  who  hoj-   ' 
sinst.     They  will 
trulls   hack   hoinr      .M 
Kiivfil  dtrls  and  Kmnc' 
at    I  he    Mame.     Since    ' 
France  Industrially. 


400  Per  Cent  Increase  in  Tonnage  Moved  Over  Highways. 
— At  the  conference  .Sept.  171'.'  of  the  lllKhua.\s  Transport 
Committee  (if  the  Council  of  National  iK'fense.  reports  made 
by  the  reglonltl  chairmen  showed  tonnage  moved  over  the 
highways  Increasing  at  a  trrmmidous  rate,  In  some  states 
as  much  as  •400  per  cent  ln<rease  over  last  year  being 
shown.  The  ClevelnndAkron  t'anton  area  reported  61  per 
cent  as  much  freight  being  moved  by  motor  express  now 
as  the  railroads  aro  carrying 
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Force  Account  Paving  at  St.  Paul, 
Minn.* 

By  OSCAR   CLAUSSEN. 

Chief  Engineer  Department  of  Public  Works 
Beginning  with  three  paving  jobs  in  1912,  the  Department 
has  executed  as  high  as  15  jobs  in  one  year.  Out  o(  a  total 
of  59  paving  jobs  executed  during  the  last  six  years,  32 
were  done  in  competition  with  the  lowest  bids  received 
from  contractors  and  in  each  and  every  one  of  these  32, 
the  actual  cost  ot  pavement  was  less  than  contractor's 
lowest  price  bid.  While  in  some  cases  the  percentage  of 
saving  was  very  small,  others  were  done  where  the  con- 
tractor's lowest  bid  was  15  per  cent  to  25  per  cent  higher 
than  the  actual  cost  of  the  pavement  laid,  the  average  of 
all  jobs  laid  in  competition  being  approximately  10  per  cent. 
Preparing  Cost  Estimates  for  Force  Account  Paving. — 
One  of  the  most  important  operations  involved  in  connec- 
tion with  force  account  pavement  is  the  making  and  se- 
curing, as  far  as  it  is  possible  to  do,  accurate  estimates  of 
cost,  as  these,  of  course,  are  the  determining  element  in 
deciding,  after  bids  are  received,  whether  to  let  the  work 
by  contract  or  proceed  to  do  it  by  force  account. 

The  two  items  ot  an  estimate  ot  cost  are  labor  and  ma- 
terial. The  quantity  ot,  or  amount  of  material  for  a  piece 
of  engineering  work  is  generally  quite  definitely  called  for 
and  prescribed  in  plans  and  specifications,  and  therefore 
the  cost  of  same  can  be  quite  accurately  ascertained,  but 
the  labor  item  of  the  cost  estimate  cannot  be  readily  pre- 
determined and  is  very  difl^icult  to  figure  accurately.  There- 
fore, on  all  engineering  work  where  the  percentage  of 
cost  of  material  of  the  total  cost  is  large,  and  the  per- 
centage ot  labor  is  small,  it  is  quite  possible  to  make  a 
fairly  accurate  estimate  of  cost,  and,  on  the  other  hand, 
where  the  percentage  of  labor  is  large,  and  the  percentage 
of  material  small,  it  is  much  more  difficult  to  furnish  an 
estimate  of  cost  approximating  the  actual  cost. 

Now  on  paving  work,  the  cost  ot  the  material  amounts  to 
from  70  per  cent  to  80  per  cent  of  the  total  cost,  while  the 
labor  cost  amounts  only  to  from  20  per  cent  to  30  per  cent 
of  the  total  cost.  Particularly  is  this  true  with  block  pave- 
ments, such  as  brick,  sandstone  or  creosote  block;  there- 
fore it  Is  possible  to  arrive  at  fairly  close  actual  cost  figures 
of  pavement  work,  both  the  quantity  of  material  and  its 
price  being  definitely  known  and  constituting  SO  per  cent 
of  the  total  cost,  while  the  amount  of  labor  is  not  definitely 
known  but  constituting  only  20  per  cent  of  the  cost.  For 
example,  suppose  the  cost  of  finished  pavement  is  esti- 
mated at  $3  per  square  yard.  Of  this  amount,  say,  80  per 
cent  or  $2.40,  constitutes  the  cost  of  material  and  is  within 
very  narrow  limits  definitely  known,  while  20  per  cent 
or  60  ct.  per  square  yard  of  finished  pavement  constitutes 
the  cost  of  labor  not  definitely  known  and  liable  to  vary 
greatly.  Now,  after  the  pavement  is  finished,  we 
find  that  the  labor  item  has  been  50  per  cent  more,  or 
90  ct.  per  square  yard  and  the  actual  cost  of  pavement  per 
square  yard  is  $3.30  instead  of  $3;  that  is,  while  the  Item 
of  labor  was  increased  50  per  cent  over  the  estimate,  the 
cost  ot  complete  pavement  was  increased  only  10  per  cent. 
The  above  explanations  are  made  tor  the  purpose  of  show- 
ing that  it  is  in  tact  possible  for  the  engineer,  with  proper 
experience,  to  give  an  estimated  cost  of  a  paving  job  that 
approximates  closely  the  actual  cost. 

The  engineer  is  in  a  position  to  know,  within  reasonable 
limits,  what  a  pavement  will  cost  and  therefore,  in  a  given 
case,  can  figure  in  competition  with  a  contractor  whether 
he  can  do  the  work  and  save  money  over  the  contractor's 
figures  or  not.  In  other  words,  the  risk  and  chances  ot  es- 
timated cost  being  largely  exceeded  are  very  small.  There- 
fore, because  all  elements  entering  into  the  cost  of  the  work 
are  fairly  well  known,  and  we  know,  within  reasonable 
limits,  what  the  actual  cost  ot  a  pavement  will  be,  barring 
accidents  or  mistakes,  which  may  and  do  happen  once  in 
a  while,  we  are  in  favor  ot  force  account  work  on  pavement. 
Cost  Estimates  on  Sewer  and  Grading  Work.— This  reas- 


•From  a  p.ipcr  presented  before  Engineers'  Society  of  St.  Paul 


oning  does  not  hold  good  with  sewer  or  grading  work  which 
is  the  work  next  in  importance  and  amount,  as  has  been 
previously  shown.  For  instance,  in  sewer  work,  the  labor 
cost  which  is  the  element  of  uncertainty,  amounts  to  from 
60  per  cent  to  To  per  cent  ot  the  total  cost  tor  sewers  up 
to  20-tt.  diameter  and  constitutes  about  40  per  cent  tor 
sewers  as  large  as  4  ft.  or  5  ft.  diameter.  It  we  should 
find,  on  a  sewer  job,  estimated  at  $20,000  ($13,000  for  labor 
and  $7,000  for  material),  that  the  labor  item  overran  our 
estimate  50  per  cent,  the  sewer  would  cost  $26,5uo  or  about 
33  per  cent  more  than  estimated. 

An  additional  element  of  uncertainty  as  to  cost  of  sewer 
work  is  the  unknown  nature  ot  the  ground  and  the  possible 
presence  ot  water,  quicksand,  boulders  or  rock,  therefore, 
sewer  work,  whether  done  by  force  accounts  or  contract,  is 
a  mere  gamble  as  to  cost.  Contractors  largely  guess  at  the 
cost  and   sometimes   guess   right  and   frequently   wrong. 

With  grading  work  similar  conditions  prevail,  while  the 
labor  item  on  grading  work  generally  constitutes  100  per 
cent  of  the  cost  and  therefore  is  uncertain,  the  nature  ot 
the  ground  is  not  quite  as  uncertain  as  prevails  with  sewer 
work. 

Therefore,  because  the  cost  of  sewer  and  grading  work 
cannot  be  ascertained  and  predetermined  within  reason- 
able limits,  and  because,  in  other  words,  the  element  of 
risk  is  too  great,  the  Department  is  not  in  favor  of  doing 
sewer  and  grading  work  by  force  account. 

Reasons  for  Favoring  Day  Labor  Plan  for  Paving. — Other 
reasons  for  favoring  force  account  paving  are  as  follows: 
Where  the  nature  ot  the  work  is  such  that  it  will  admit  of 
employing  laborers  in  squads  under  a  competent  fore- 
man, all  laborers  working  together  as  a  unit  to  accom- 
plish a  cohesive  piece  of  work,  and  where  it  is  impossible 
for  the  individual  laborer  to  shirk  his  allotted  quota,  where 
each  man  must  do  as  much  work  as  the  best  in  the  gang 
and  where  the  best  man  necessarily  sets  the  pace,  work 
can  be  dune  more  cheaply  and  more  can  be  accomplished 
than  on  such  work  where  each  individual  does  some  work 
different  from  the  others,  where  he  does  some  separate  job 
by  himself,  where  one  man's  work  does  not  directly  affect 
the  other  man's  work;  in  other  words,  where  there  is  a 
chance  for  an  individual  to  loaf  on  the  job.  On  paving  the 
men  largely  work  in  squads.  To  begin  with,  there  is  the 
grading  crew,  then  comes  the  concrete  crew  and  then  the 
block  laying  crew  of  the  asphalt  crew  on  asphalt  work. 
Each  man  in  his  crew  must  work  like  a  link  in  a  chain,  all 
doing  equal  amounts  of  work  and  if  one  link  breaks  the  en- 
tire operating  mechanism  is  thrown  out  ot  gear.  Laborers 
appreciate  that  this  cannot  be  and  is  not  tolerated  and  in 
fact  do  not  ask  for  it.  It  also  necessarily  means,  in  the 
nature  of  things,  that  strong  husky  men  must  be  employed, 
men  that  can  accomplish  a  day's  work.  In  this  manner 
very  efficient  work  is  accomplished  on  paving  operations 
in  contrast  to  a  good  many  other  municipal  operations. 

Another  reason  why  the  Department  ot  Public  Works 
favors  force  account  paving  is  that  on  the  whole,  better 
work  can  be  secured.  It  is  not  because  contractors  at- 
tempt deliberately  to  skimp  the  work.  It  is  not  intended 
to  m.ake  this  charge.  However,  contractors  do  rely  and 
have  a  right  to  rely  on  the  city's  inspectors  to  watch  the 
work  and  see  that  it  is  properly  done.  For  the  securing  of 
good  workmanship,  the  city  must  necessarily  rely  on  various 
inspectors,  more  or  less  competent.  Such  men  as  the  city 
can  secure  have  at  best  only  a  limited  knowledge  of  paving 
requirements,  they  are  men  whose  technical  qualifications 
are  not  of  a  high  degree  with  reference  to  construction  of 
pavements  and  whose  salaries  are  low  and  whose  employ- 
ment is  of  a  temporary  and  shifting  nature.  These  in- 
spectors cannot  be  employed  throughout  the  year  and  their 
services  are  needed  only  for  a  few  months  through  the  sum- 
mer season  and  each  season  a  large  number  of  new  inspec- 
tors are  employed.  Men  ot  special  knowledge  and  experi- 
ence who  can  command  and  get  adequate  salaries,  cannot, 
except  in  rare  cases,  be  secured  by  the  city  under  above 
conditions.  Another  element  in  favor  ot  force  account 
work  is  the  fact  that  the  department  keeps  a  very  close 
recofd  ot  all  the  labor  operations  carried  on.  as  well  us  ot 
the  constantly  varying  costs  ot  material,  and  in  this  man- 
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ner  valuable  cost  data  are  conilantly  at  our  diapoaal,  al- 
lowine  u«  to  keep  u  clo»e  ctuH-k  on  any  bida  Hubniltted  by 
contractor*  with  n-fcreme  to  thr  prollt  tlKun-d  in  thr  Jub 
Thus  the  contraitor  Ih  alwayn  conipellt-d  to  tlKure  hU  work 
with  a  amall  niarKin  o(  profit  and  subnilt  a  low  bid.  In  tbiii 
way  even  If  th«  work  U  done  by  contract.  It  la  done  at  a 
lower  flgure  tnan  It  would  ba  done  by  competition  with 
force  account   eiliuluatod. 

Tbe  primary  renitoii.  however,  for  the  Department  of 
Public  Worka  favorliiK  force  acrount  pavlnic  Is  the  belief 
that  u  larue  savint;  In  the  coat  of  the  wc.rk  can  be  accom- 
plished The  dei'urtnu-nt  does  not.  by  any  nieana.  favor 
that  all  puvementH  ahould  be  laid  by  force  account.  Each 
Individual  puvInK  Job  should  be  conaldered  by  Itaelf.  At  timea 
the  city  may  not  have  the  proper  oruanUntlon  at  Ita  dlapoaal. 
at  times  It  may  not  h;i\e'  the  proper  i-i|iilpiiii-nt  readily 
available,  or  It  'nuv  liavi-  more  work  to  do  lor  periods  than 
can  be  conveniently  hundleil.  also  the  contractor  may  have 
made  a  mistake  on  biddlnK.  for  some  reason  or  another,  a 
lower  tlKiire  than  the  department  has  estimated  the  cost 
of  the  work.  .\t  limes  the  contractor's  JudKinent  as  to  the 
coKt  of  the  work  may  var;.  considerably  irom  that  of  the 
engineer,  and  where  this  JudRment  dictates  a  figure  con- 
siderably low.T  than  tl>c  enKineer's  tlKure.  ordinary  pru- 
dence should  demand  that  the  work  be  performed  by  the 
contractor. 

The  nepartment  of  Public  Works  has  never  claimed  that 
In  all  cases  pavlnR  should  be  done  by  force  account,  it  has 
never  claimed  that  in  all  i  ases  the  work  could  be  done 
cheaper  by  force  account.  Heine  just  mire  human  beings 
It  Is  certain  that  on  one  or  the  other  case  the  engineer's 
]udgmeni  will  be  at  fault  and  the  cost  of  a  paving  job  will 
be  more  than  the  contractor's  lowest  bid  price.  Particularly 
Is  this  true  at  the  present  time  when  prices  on  material 
are  varying  from  week  to  week  and  the  element  of  labor 
expen.se  is  almost  impossible  to  take  into  account  ade- 
quately. 

To  date  the  Department  of  Public  Works  has  executed  3i 
paving  jobs  In  competition  with  contractors'  lowest  bid 
price  and  in  each  and  every  case  a  saving  has  accrued 
The  total  saving  on  these  32  jobs  amounting  to  $73,000.  ex- 
clusive ol  depreciation  charges.  During  the  years  1913 
and  1914  all  paving  work  was  ordered  done  by  force  ac- 
count by  the  council  without  receiving  bids  from  the  con- 
tractors, and  therefore  on  the  26  Jobs  executed  in  11)13  and 
1914  by  force  account  a  comparison  of  contractor's  bids 
cannot    be   made.      However,   the    work   done   In    1914    com- 


Employment  of  Women  on  State 
Hij^hvvay  Construction 

By    HERBERT   A.  NUNN, 
Hiaie    lilKtiwa>     Kncinrrr 

The  State  Highway  Department  of  Oregon  haa  employed 
a  Binall  number  of  women  during  the  past  summer  on  high- 
way omstructlun,  and  generall)  speaking,  we  have  found 
that  the  experiment  I  If  It  may  so  be  called)  Is  a  succeaa. 
and  It  Is  the  Intention  of  the  Oregon  Highway  Department 
to  continue  the  employment  of  women. 

I'ontrary  to  the  general  opinion  of  the  public,  women 
have  not  been  employed  on  our  wiirk  because  of  an  actual 
scarcity  of  men.  but  because  we  believe  that  In  certain 
lines  of  work  they  are  equal,  If  not  superior,  to  the  male 
sex.  1>  is  a  familiar  fact  to  all  engineers  that  most  of 
the  men  applying  for  work  with  an  engineering  department 
will  look  for  something  light,  and  an  application  for  a  posi- 
tion generally  states  that  the  man  would  like  to  be  super- 
intendent of  construction,  or  foreman,  and  If  no  vacancies 
exist  in  those  two  departments,  would  like  a  well  paid 
position  inspecting,  keeping  time  or  checking  materials  In 
fact,  only  about  fifty  per  cent  of  the  young  men  requesting 
posiliuns  with  us  this  year  have  wanted  to  do  anything  in 
the  line  of  manual  labor,  and  It  was  because  of  the  fact 
that  most  of  the  young  men  applying  for  positions  with  this 
department  were  unwilling  to  do  a  real  man's  work,  that 
we  decided  to  give  the  women  a  chance. 

There  are  some  handicaps,  however,  to  th^  employment 
of  women  In  engineering  parties  and  on  actual  construc- 
tion, principal  of  which  Is  the  fact  that  most  of  the  camps 
In  Oregon  are  located  at  some  distance  from  towns  and 
villages  in  unsettled  districts,  and  It  Is  hard  to  find  iToper 
accommodations  for  them.  In  large  construction  camps, 
where  a  large  number  of  transient  laborers  are  employed. 
It  is  not  practical  for  women  to  live  at  the  main  camps. 
In  most  cases,  however,  this  has  been  overcome  by  estab- 
lishing a  separate  camp  or  getting  accommodations  for 
them   with  farmers. 

We  find  that  women  are  well  fitted  for  many  important 
positions  in  highway  work  in  the  field,  most  Important  of 
which  are  timekeepers,  inspectors  of  pavement,  inspectors 
of  materials,  bookkeepers  and.  In  some  cases,  are  well  fitted 
for  heavier  work,  such  as  driving  automobiles  or  operating 
light   machinery. 

The  position  of  inspector  In  highway  work  at  this  time 
is  one  of  importance,  not  only  requiring  ability  but  honesty. 


prised  tbe   largest   program   In   paving  ever  carried   out  In      j^j  ^.g  onj  ,i,at  women  take  a  very  active  interest  In  this 


this  city  In  any  one  year,  the  cost  amounting  to  »76i',ooO 
equal  to  23 Vi  miles  on  the  basis  of  a  2"ft.  roadway. 


Waste  of  Perishable  Foodstuffs  Due  to  Inadequate  Trans- 
portation Facilities.— Fifty  per  cent  of  the  perishable  fo<i(l 
stuffs  produced  In  America  are  wasted,  largely  through  in- 
eUTectlve  means  of  getting  it  to  the  market,  staled  ilerbort 
Hoover.  Federal  Food  Administrator,  at  the  recfint  con- 
ference of  the  Highways  Transport  Committee  of  the  Coun- 
cil of  National  IVfense  Fast,  Intlmaie  service  by  rural 
expresses,  he  foresees,  will  be  a  great  source  ot  saving. 
By  the  use  of  motored  expresses.  Mr.  Hoover  pointed  oiH, 
the  farmer  need  not  maintain  so  many  draft  animals  on  the 
farm,  animals  that  oat  the  crops  of  millions  of  fertile  acres 
that  otherwise  could  be  devoted  to  raising  food  for  peo|)le. 
The  failure  of  the  public  market  in  America,  Mr  Hoover 
said,  was  caused  by  Inadequate  transportation  of  an  inti 
mate  sort,  and  he  believes  that  a  developed  rural  express 
will  give  public  markets  a  basis  of  economic  success  and 
tend   toward   lowi-r  price  levels. 

Road  Mileage  of  United  State*.— The  total  public  road 
mileage  of  the  Cnltecl  S'ates  Increased  from  2,l'.»9,f.4ri  miles 
in  l!»o<i  lo  2,14r.,T«;i)  miles  on  Jan  I,  1915  Of  this  latter 
527.291  miles  were  surfaced  road  At  the  end  of  1909. 
19ft.47ri  miles  had  been  surfaced.  Thus  In  r.  years  there  was 
an  Increase  of  246.<M>n  miles  of  new  road,  while  In  the  same 
period  there  was  an  Increase  of  only  •'•** '  «"ii'-s  "'  sur- 
faced road 


work,  and,  as  to  honesty,  no  one  will  dispute  the  superiority 
of  woman  over  man.  Women  are  particularly  successful 
in  checking  materials  delivered  on  construction  work  and 
send  In  neat  and  careful  reports:  in  fact,  reports  submitted 
by  the  women  of  our  department  are  far  superior  to  those 
submitted  by  the  men. 

In  the  operation  of  light  machinery,  women  have  also 
proved  their  ability,  and  there  Is  at  least  one  case  in  Oregon 
where  a  young  school  teacher  has  spent  this  summer  In 
operating  a  gasoline  roller,  to  the  complete  satisfaction  of 
the  superintendent  of  construction.  They  drive  cars  as  well 
as  men  and  are  particularly  conscientious  In  being  on  time, 
for  work. 

In  the  engineering  offices,  women  are  employed  in  draft- 
ing and  computing  as  well  as  In  stenographic  work  Kvery 
business  man  Is  well  aware  of  the  fact  that  he  soon  learns 
to  depend  upon  the  good  memory  of  his  stenographer 

In  all  construction  camps,  there  are  a  large  number  of 
married  men,  including  engineers,  superintendents  of  con- 
struction and  foremen,  and  In  most  cases  their  wives  like 
to  live  In  camp  with  them,  or  at  least  live  as  close  to  the 
camp  as  possible,  and  many  times  these  wives  find  that 
time  hangs  somewhat  heavily  upon  their  hands,  as  they  are 
not  doing  regular  housework  and  p«<rhaps  have  only  the 
care  of  a  small  tent.  It  Is  mostly  these  women  that  have 
accepted  positions  with  the  Stale  Highway  l>epartment 
this  year  and  the  additional  money  earned  by  the  wife 
is  a  big  help,  especially  to  the  young  engineer  who  has 
only  reached  the  i>osltlon  of  Instrument  man  and  is  drawing 
leas   salary    perhaps   than   some  of   the   actual   labor. 


(79) 


324 


ENGINEERING     AND     CONTRACTING 


Vol.  50,  No.  14. 


There  is  no  doubt  that  a  large  field  exists  for  the  ambi- 
tious woman  in  engineering  or  construction  work  during 
the  war  and  we  have  every  reason  to  believe  that  they  will 
be  as  successful  in  field  work  as  in  teaching  or  in  office 
work.  The  work  in  the  open  air  is  pleasant  and  healthful 
and  the  women  who  are  employed  at  this  time  are  enthu- 
siastic over  the  possibilities.  We  pay  the  same  salaries 
to   women   as   to   men    for   the   same   work. 


The  Student  Army  Training  Corps  Estab- 
lished at  400  Colleges 

About  400  colleges  have  been  accepted  by  the  government 
as  training  posts  to  supply  highly  trained  men  for  the  army. 
Under  this  plan  any  physically  fit  draft  registrant,  18  years 
of  age  or  over,  who  is  prepared  for  college,  may  present  him- 
self at  one  of  the  selected  schools  and  be  inducted  into  this 
Student  Army  Training  Corps.  He  then  becomes  a  private 
soldier  in  the  army  of  the  United  States,  subject  to  the 
articles  of  war,  entitled  to  the  uniform,  equipment,  pay,  quar- 
ters and  rations  of  the  soldier. 

Enlisted  members  of  the  Student  Army  Training  Corps 
will  be  subject  to  a  strict  military  regime,  involving  a  cer- 
tain amount  of  daily  drill  and  military  work,  with  the  re- 
mainder of  the  time  devoted  to  the  pursuit  of  academic 
studies  approved  by  the  War  Department.  Provision  will 
be  made  for  periods  of  recreation  and  rest. 

Enlisted  men  of  the  Corps  will  remain  in  college  until 
their  draft  nimibers  are  called,  whereupon  as  the  needs  of 
the  army  require  and  the  authorities  of  the  War  Depart- 
ment direct  they  will  be  transferred:  (a)  to  a  central  Offi- 
cers' Training  Camp;  or  Cb)  to  a  Non-Commissioned  Offi- 
cers' School;  or  (c)  to  a  cantonment  for  duty  with  troops 
as  privates;  or  (d)  be  assigned  to  the  school  where  they 
are  enlisted  tor  further  intensive  work  in  specified  lines  for 
a  limited  time;  or  (e)  be  assigned  to  the  Vocational  Train- 
ing Section  of  the  Corps  for  Technician  Training. 

Each  man's  personal  attainments  and  the  momentary 
needs  of  the  army  will  determine  the  disposition  made  of 
blm. 

A  certain  percentage  of  the  abler  men  enrolled  in  the 
work  of  the  Eechnical  Staff  Corps— medicine,  engineering, 
and  chemistry,  may  expect  to  complete  the  usual  course 
for  professional  training,  although  it  is  intended  to  employ 
substantially  less  time  than  usual  to  finish  the  course.  Men 
who  are  intending  to  enter  the  service  of  the  line,  if  they 
give  promise  of  making  satisfactory  officers,  and  if  they  are 
not  over  18  years  of  age,  may  probably  expect  to  remain  in 
college  one  or  two  years  at  the  outside.  Older  men  and 
those  giving  less  promise  will  presumably  remain  a  shorter 
time.  Here,  again,  the  momentary  needs  of  the  army  will 
determine  the  policy. 


Badgers  Make  Road  Maintenance  Difficult.— In  some  por- 
tions of  Nevada  badgers,  which  are  very  numerous,  burrow 
holes  in  the  wheel  track  of  the  road.  It  is  the  general  opin- 
ion that  this  location  is  selected  by  the  animal  in  order 
to  secure  a  firm  walled  burrow.  Under  traffic  these  holes 
rapidly  develop  into  large  chucks  which  in  the  dry  sum- 
mer can  be  repaired  only  by  filling  them  with  gravel  or  shale 
shoveled  from  a  wagon. 


Illinois  Doing  Road  Work  by  Force  Account. — Because  of 
difficulty  in  securing  satisfactory  bids  the  Illinois  State 
Highway  Department  is  now  carrying  out  some  of  its  road 
building  by  force  account.  The  department  owns  consid- 
erable equipment  which  was  used  some  years  ago  in  con- 
structing object  lesson  roads.  Four  outfits  are  now  at  work 
and  it  is  expected  to  build  about  10  miles  of  road  this  year. 


Cleveland  Making  Plans  for  "After  the  War"  Construction. 

—Department  heads  of  Cleveland,  O.,  have  been  requested 
to  furnish  the  Mayor  with  an  outline  of  needed  public  im- 
provements. The  City  Commission  will  then  pass  on  these 
reports  and  on  approval,  preliminary  details  will  be  worked 
out  so  that  actual  construction  can  be  started  as  soon  as 
the  war  is  over. 


A  Review  of  the  Movement  for 

Excess  Condemnation  for 

Public  Improvements 

The  excess  condemnation  method  of  taking,  in  connection 
with  a  public  improvement,  of  more  land  than  is  needed 
for  the  precise  narrow  purpose  of  the  improvement,  is  gen- 
erally considered  a  new  proposal  in  American  cities 
Nevertheless,  it  was  given  its  first  trial  in  the  United  States. 
New  York  City  exercised  the  power  of  excess  condemnation 
beginning  in  1812,  and  Charleston,  S.  C,  also  employed 
this  method  about  the  same  time.  However,  these  laws 
were  little  used  because  they  were  early  held  invalid  by  the 
courts,  and  it  was  not  until  recently  that  American  cities 
have  again  asked  for  this  power.  The  greater  interest  in 
city  planning  during  the  past  15  years  in  this  country  has 
stimulated  interest  in  the  subject  and  has  shown  the  need 
for  this  power.  Since  1904  there  has  been  several  constitu- 
tional amendments  adopted  and  enabling  laws  passed  by 
the  various  states.  An  interesting  review  of  the  excess 
condemnation  movement  is  given  in  a  recently  issued 
report  of  the  Chicago  Bureau  of  Public  Efficiency,  from 
which   the   matter  in   this  article  is  extracted. 

Excess  Condemnation  in  Europe. — Excess  condemnation, 
however,  has  had  long  and  extensive  use  by  European 
cities,  especially  London,  Paris,  and  Brussels.  Canadian 
cities,  notably  Montreal,  have  been  highly  successful  in 
carrying  out  projects  for  the  adjustment  of  the  street 
layout  through  the  power  of  excess  condemnation.  The 
City  of  London  was  granted  this  power  in  184.5;  the  City  of 
Brussels  in  1867,  and  it  was  used  by  the  City  of  Paris  from 
1852  to  1869  when  many  of  the  beautiful  thoroughfares  of 
that  city  were  built. 

While  the  legislation  in  London  and  Paris  was  originally 
designed  to  give  these  cities  the  power  to  acquire  only 
remnants,  excess  condemnation  early  was  used  more  as  a 
financial  measure  for  the  purpose  of  recouping  a  portion  or 
all  of  the  cost  of  the  improvement,  because  the  practice  of 
levying  on  abutting  property  owners  special  assessments 
to  pay  for  the  cost  of  improvement  has  not  been  so  gen- 
erally accepted  and  used  by  European  cities  as  by  Amer- 
ican municipalities. 

From  the  financial  standpoint,  it  is  doubtful  whether 
European  cities  have  been  able  to  secure  as  effective  re- 
sults in  defraying  the  cost  of  street  improvements  by  ac- 
quiring surplus  lands  through  condemnation  proceedings 
and  then  selling  them  after  the  improvement  has  been 
made  as  Chicago  and  other  American  cities  have  been 
able  to  secure  by  the  special  assessment  method.  How- 
ever, in  some  of  the  recent  larger  improvements  the  Lon- 
don County  Council  has  combined  the  special  assessment 
system  with  excess  condemnation  with  very  satisfactory 
results. 

Profit  from  Sale  of  Surplus  Land.— It  has  been  only  in  iso- 
lated cases  that  a  profit  has  been  made  by  municipalities  in 
street  improvement  undertakings  through  the  acquisition  of 
surplus  lands  and  their  resale,  although  in  many  cases  the 
municipality  has  been  able  to  recover  through  sales  a  con- 
siderable portion  of  the  cost  of  an  improvement,  the  bur- 
den of  which  would  otherwise  have  fallen  wholly  upon  the 
taxpayers.  In  London  up  to  1913  the  greater  city  had  exer- 
cised the  power  of  excess  condemnation  in  90  street  pro- 
ceedings. The  aggregate  cost  of  these  improvements,  in- 
cluding the  cost  of  surplus  lands,  was  approximately  $121,- 
000,000.  while  the  public  authorities  were  able  to  realize 
through  tjie  sale  of  land  and  through  leases  nearly  $.50,000,- 
000  (including  the  value  of  land  undisposed  of),  making  the 
net  cost  approximately  $71,000,000.  In  one  underiaking. 
the  opening  of  Northumberland  Ave.,  the  municipality  made 
a  clear  profit  of  almost  $600,000.  and  in  the  building  of  the 
Kingsway  from  Holborn  to  the  Strand  it  has  been  stated 
that  the  final  cost  of  the  improvement  was  almost  $5,000,000 
less  than  was  estimated  would  have  been  the  cost  if  only 
the  properly  absolutely  required  for  street  purposes  had 
been  acquired.  The  financial  results  to  the  City  of  Paris 
during  the  period  from  1852  to  1869  were  not  so  satisfac- 
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tory  The  city  butit  about  56  miles  of  new  ■ireeti  durlnt; 
thU  period,  paying  dBina»,eM  for  land  and  bullditigi  ac- 
quired aiuountlnK  lo  t::5!>.4i)ti.oOU.  At  the  end  of  that  period 
It  had  Mold  pan  of  lt!i  t-xieKH  hindn  fur  $51.8iio,uou.  and  hUH 
had   on   hand   prop.-riy    viilu.-d   m   ovi<r   IM.OuO.OOO. 

The  prlc<'»  paid  by  both  t.uudun  uud  I'arU  for  property 
acquired  thruuKh  condemnatlun.  It  Is  Kcnorally  agreed,  were 
ext-cmilve.  In  I'arlH  the  verdlciii  of  Jurlc-8  were  In  muny 
ca»v»  out  of  all  proportion  to  the  actual  value  of  the  prop- 
erty, while  in  London  the  landowner  was  allowed  lu  per 
rent  In  nddilion  to  a  fair  niiirkft  price  us  an  offset  to  his 
'  :re   Incremi-nt   of  value   In   the   property   and   as 

!i  for  expense  Incurred  by  the  owner  ;n  the 
•  r  of  his  funds,  .\nother  lurtje  Item  of  expense 
becdu&e  u(  these  excessive  awards  was  caused  by  the  prac- 
tic  of  erecting  buildings  and  establishInK  businesses  as 
soon  as  un  Improvement  was  contemplated,  ^o  that  a  prolt 
could  be  made  when  these  Improvements  had  to  be  con- 
demned for  (he  new  street.  In  riiicago  there  Im  no  allow- 
ance for  building  improvements  made  after  the  petition  has 
been  filed  In  court,  but  the  municipality  must  pay  for  Im- 
provements made  prior  to  that  time  even  if  they  were  put 
In  after  the  rity  had  decided  to  make  the  improvement. 

Excess  Condemnation  in  Belgium.  -In  rtelmum  the  excess 
condemnation  act  was  passed  for  the  purpose  of  improving 
the  sanitary  conditions  or  protecting  the  surroundings  of 
public  Improvements,  and  in  this  respect  the  law  has  been 
very  successful.  Brussels  has  not  been  as  successful  as  her 
Belgian  cities  financially  because  of  the  highly  speculative 
policy  adopted  by  that  city,  but  other  Belgian  cities  have 
been  able  to  carry  out  their  Improvements  without  finan- 
cial lo.-*."  and  In  many  cases  at  a  profit  With  the  use  of 
the  method  of  excess  condemnation,  the  main  section  of 
Brussels  was  reconstructed  from  a  highly  congested  area 
w-here  the  streets  were  narrow  and  ill-adapted  for  traffic, 
and  sanitary  conditions  generally  bad.  into  a  beautiful  and 
valuable  business  center  for  a  modern  city.  Belgian  cities 
generally  have  made  effective  use  of  excess  condemnation 
in  securing  beautiful  and  fitting  surroundings  for  new  thor- 
oughfares and  public  places. 

Experiences   at    London,    England,    and    Montreal,    Que. — 

In  two  large  recent  improvements  London  has  used  the 
power  of  excess  condemnation  for  the  purpose  of  controU- 
mg  the  development  of  the  abutting  property  along  new 
thoroughfares.  On  both  the  Klngsway  and  the  Mall  im- 
provements restrictions  were  imposed  to  .-secure  harmon- 
ious architectural  pff?cls  and  appropriate  use  of  new-  build- 
ings erected.  Many  of  the  famous  boulevards  of  Paris  were 
built  by  Haussmann  during  the  period  of  1852-1869,  and 
excess  condemnation  was  employed  to  obtain  surroundings 
which   were  In   keeping  with  these  thoroughfares. 

The  experience  of  Montreal  In  using  excess  condemnation 
has  been  hiphl_y  successful,  even  from  the  financial  point 
of  view.  In  the  three  projects  carried  out  before  the  war 
a  profit  was  made  by  the  municipality  in  each  case.  In 
the  opening  of  the  St.  Lav.rence  Boulevard  the  proflt  was 
over  11*9.000.  Just  before  the  outbreak  of  the  war  the  City 
of  .Montreal  acquired  a  large  amount  of  property  in  con- 
nection with  the  building  of  St.  Josephus  Boulevard,  but 
this  property  has  not  been  disposed  of  because  the  market 
at  this  time  Is  not  favorable  on  account  of  war  conditions. 
»)th«-r  Canadian  cities,  such  as  Halifax  and  Toronto,  have 
used  the  power  of  excess  condemnation  to  deal  with  small 
remnants  left  after  an  Improvement  Is  made,  but  have  not 
used  It   In   such  extensive  maiiner  as  has   Montn-al. 

Excels  Condemnation  in  the  United  States.  While  a 
number  of  .Xmerlc^n  states  have  secured  constitutional 
nraendmenis  and  enabling  legislation  permitting  cities  to 
exercise  the  power  of  excess  condemnation,  that  power 
has  been  used  only  to  a  very  limited  extent  by  American 
municipalities.  Fleference  has  been  made  to  the  early 
beginnings  of  the  use  of  excess  condemnation,  but  pnicti- 
rally  nothing  was  done  except  In  ls<ilated  cases  until  \9M. 
when  a  legislotlve  commission  of  Massachusetts  made  a 
report  on  the  subject.  As  a  result,  the  Massachusetts 
Remnants  Act  of  1!>04  was  passed  which  pennlttcd  munlcl 
palltles  to  take  title  to  any  remnants  loft  which  In  them- 
selves   were    unsuitable    as    bulldlDR    sites.     An    act    was 


passed  by  Ohio  In  the  same  year,  and  this  was  followed 
by  legislation  In  VIrRlnla.  I'onnectlcut,  PennsylTsnU.  Mary 
land,   Wiscnniiin   «nd    New    York 

The  lei-:   ■  .  r 

than   In    .^! 
uinple.  pi-i  ' 

feet    of    the    L<uiii»lar>    lliu'    u(    a    public    w^r^.    parkwa).   ur 
playground,    for   the    purpose   of   protecting    such    Improve- 
ments.     But    statutory   legislation   was   found    '      '       '-     ■ 
riuato   unless   preceded    by   constitutional   am.  : 
mittlng  the  pracilre    for  the  courts  soon  helil 
tlon    Invalid   or  -I   acts   as   to   limli    ili.-r   .iijll 

cation,  and   i-xt.  re  fore  wis   not   possible      The 

MaKsachusetis   i;  i   of  1»U4   was  sustained,  to  be 

sure,  but  the  Supreme  Court,  In  opinions  given  the  legis- 
lature, said  even  that  act  stretched  the  constitution,  and 
It  refused  to  approve  excess  condemnation  on  broader 
lines  under  the  constitution  as  it  then  stood.  The  broad 
enactments  on  the  subject  by  the  le^-islature  of  I'cnnsyl- 
vania  were  overturned   by  'he  Supreme  Court  of  that   state 

Constitutional    Amendments   and    Special    Acts.~The    first 
constltutiuna;  amendment   was  adopted  by  .Massachuheits  fn 
1911.  and  It  was  followed  by  amendments  In  Ohio  and  Wis- 
consin In  1912.  New  York  in  Utl.l.  and  Rhode  Island  In  I"*!"! 
These  constitutional  amendments  provide,  gen. 
ing.  for  taking  propi-rty   in  excess  of  actual  ne^ 
to   form   suitable   building   lots  abutting   upon    . 
provement,   and    permit   the   sale  of   such   surplus  property 
with    or    without    restrictions    after    the    improvement    Is 
made,  so  that  public  control  of  the  surroundings  of  h  new 
street  may  be  secured. 

Since  the  constitutional  amendment  was  adopted  In  .Mns- 
.sachusetts.  a  number  of  special  acts  have  been  passed 
granting  cities  power  to  condemn  additional  land.  In  only 
one  case,  however,  has  an  Improvement  been  carried 
out  In  this  way.  namely,  the  widening  of  Belmont  St.  In 
the  City  of  Worcester,  but  this  work  has  not  as  yet  been 
completed  and  figures  are  not  available  as  to  the  financial 
results.  The  City  of  Springfield.  .Mass..  has  also  carried  out 
an  improvement,  but  this  was  done  under  the  authority  of 
the  Remnants  .\ct  of  1904  The  City  of  Philadelphia  used 
the  act  of  1907  in  the  building  cf  the  Fairmount  .-Vve. 
parkway,  acquiring  land  on  both  sides  of  the  street,  then 
reselling  the  property  with  restrictions  as  to  use.  In 
the  course  of  the  proceeding,  however,  the  Philadelphia  act 
was  held  unconstitutional  in  the  case  of  the  Penn:<ylvania 
.Mutual  Life  Insurance  Co.  v.  Philadelphia,  and  the  munici- 
pality was  prevented  from  using  this  pow-er  further.  It 
Bas,  nevertheless,  purchased  additlcnal  property  .ilong  the 
line  of  the  Improvement,  with  the  object  of  protecting  the 
surroundings  of  the  new  parkway.  While  Philadelphia  has 
been  unable  to  acquire  sufllcient  property  to  exercise  the 
necessary  control  over  abutting  properties,  the  city  pro- 
poses to  build  an  .\rt  Museum,  Library  Building.  luid  Con- 
vention Hall  fronting  on  the  new  parkway,  and  thus  set 
the  architectural  standard  for  the  new  street. 

The  City  of  .New  York  has  been  given  the  power  of 
excess  condemnation  by  enabling  legislation  passed  In 
1915  and  li'lti.  but  as  yet  no  use  Jias  been  made  of  this 
aiithoril) . 

Possible  Financial  Results  of  Excess  Condemnation 
Under  American  Conditions.-  There  are  few  data  ba.sed 
upon  actual  experience  Indicating  possible  financial  results 
of  excess  condemnation  under  American  conditions,  but  an 
exhaustive  report  made  for  the  City  of  Cleveland  in  the 
proposed  extension  of  CnrneRle  Ave  H  of  value  In  this  con- 
nection as  showing  pro'  '  :i 
attained  by  the  City 
plan.     The    proposed    . 

not  as  yet  been  made,  wai>  lu  Ui  dlvtUud  pu>».(ull>  tiiiu  two 
sections:  one.  between  14th  and  22d  Sts  ,  opening  up  a  new 
thoroughfare  through  the  downtown  district,  while  the 
second  part  of  the  extension  from  Kast  89th  St.  to  Rast 
100th  St.  was  to  run  through  a  residential  neighborhood 
where  there  would  be  little  change  in  the  kind  of  use  of 
abutting  propi-rty  after  the  Improvement  should  be  made. 
In  section  one  the  cost  of  the  property  to  be  destroyed  for 
the   actual    widening   of   the   street    and    the   consequential 
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damages  which  the  city  would  be  required  to  pay  was  esti- 
mated at  $347,565.  That  would  be  the  cost  to  the  munici- 
pality for  this  portion  of  the  new  street  if  it  were  permitted 
to  condemn  only  property  actually  required  for  street  pur- 
poses. The  appraisal  company  estimated  an  enhancement 
in  land  values  of  property  not  required  for  street  purposes 
amounting  to  $437,609;  so  that  the  city  would  make  a  profit 
of  $90,044,  instead  of  having  a  loss  of  $347,565. 

In  the  other  part  of  the  street,  the  extent  of  property 
to  be  destroyed,  land  taken,  and  consequential  damages  to 
property  not  to  be  taken  were  estimated  at  $204,91ii,  and 
the  enhancement  in  land  values  in  surplus  lands  acquired 
at  $126,989;  so  that  the  net  cost  would  be  reduced  from 
$204,910  to  $77,921.  On  the  entire  improvement  there  would 
then  be  a  net  profit  of  $12,123,  instead  of  a  loss  of  $552,475. 
The  figures  above  are  for  land  and  buildings  proposed  to  be 
destroyed  or  taken,  and  do  not  include  the  cost  of  building 
the  street,  which  would  be  the  same  whatever  method  of 
condemnation  were  used;  or  selling  and  miscellaneous  ex- 
penses, which  would  reduce  the  returns  to  the  municipality. 
This  report  also  indicates  that  excess  condemnation  as  a 
financial  measure  is  only  of  special  value  when  the  change 
in  the  street  layout  makes  abutting  property  available  to  a 
much  higher  commercial  use.  In  the  downtown  section  of 
the  improvement  new  business  frontage  would  have  re- 
sulted, and  there  would  have  been  a  large  increase  In 
values,  but  in  the  other  section  of  the  improvement  the 
increase  in  values  would  have  been  small,  because  the 
street  is  in  a  good  residential  section  where  land  values 
were  already  high  and  the  land  after  the  improvement  could 
not  be  put  to  a  new  use. 


An  Experiment  in  Teaching' 


Mechanical    Stone    Chip    Spreader  With 
Improvised  Motive  Power 

A  mechanical  stone  chip  spreader  with  improvised  motive 
power  is  employed  by  the  State  Highway  Department  of 
Pennsylvania  on  bituminous  surface  treatment  work.  The 
rear  wheels  of  a  Ford  roadster  were  removed  and  replaced 


By   F.   G.   HIGBEE, 


What  is  the  best  method  of  presenting  facts  to  students? 

Do  they  learn  more  quickly  by  studying  from  a  text-book, 
or  by  hearing  this  same  subject-matter  explained  by  an  in- 
structor and  illustrated  on  the  blackboard? 

The  following  data  are  presented  here  in  the  belief  that 


Mechanical    Chip    Spreader   Attached    to    Ford    Roadster. 

by  a  special  tractor  attachment  costing  $150.  The  front 
wheels  of  the  chip  spreader  were  removed  and  the  spreader 
connected  with  the  tractor  axle  by  means  of  a  special  bol- 
ster. This  arrangement  gave  suflicient  height  for  the  trac- 
tor wheels  to  turn  directly  under  the  chip  spreader.  This 
made  it  possible  to  operate  two  of  these  machines  with  one 
operator,  one  machine  being  loaded  while  the  other  was 
distributing.  It  was  found  that  the  equipment  had  ample 
power  to  haul  a  full  load  of  chips  no  matter  how  steep  the 
grade.  The  arrangement  was  convenient  and  was  operated 
very  economically. 


Resurfacing  Macadam  Roads  with  Loam  Filler  Gravel. — 
The  Michigan  Highway  Department  has  used  2  to  3  in.  of 
a  loam  filler  gravel  for  resurfacing  macadam  roads.  The 
maximum  size  of  pebbles  ranged  from  V2  in.  to  %  in.  The 
road  is  then  patched  in  the  same  manner  as  gi-avel  sur- 
faced roads. 


Number  of   Examinations. 
Fig.    1  —  Result    by    Lecture    IVlethod;    Intervals    Between    Examina- 
tions   Were    7    Days. 

they  throw  some  light  into  this  rather  obscure  angle  of 
teaching. 

The  Problem. — The  subject-matter  to  be  learned  was  a 
proposition  in  descriptive  geometry  involving  a  definite 
principle.  Since  no  text  contained  an  explanation  of  this 
principle  it  was  necessary  to  resort  to  the  method  of  a 
blackboard   demonstration. 

The  Method  of  Teaching. — In  presenting  the  problem  to 
the  students  it  v,as  first  very  carefully  stated  and  the  given 
conditions  .ind  required  results  thoroughly  explained. 
Using  the  given  data  a  demonstration  was  then  presented 
accompanied  by  an  illustrative  figure  on  the  blackboard 
which  was  built  up  line  by  line  as  the  demonstration  pro- 
ceeded. 

After  several  class  periods  had  elapsed,  and  ample  time 
for  study  had  been  given,  an  examination  upon  this  prin- 
ciple was  given. 

As  would  be  expected,  some  students  failed  to  pass  this 
examination — failed  in  fact,  to  understand  the  principle 
which  had  been  the  subject  of  the  lecture.     These  students 


Number  of   Examinations. 
^  Fig.  2 — Result  by  Text   Method. 

were  then  required  to  work  out  this  principle  under  super- 
vision until  it  was  thought  that  they  imderstood  it.  Fol- 
lowing this  a   second   examination  was  given.     Both  those 
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whu  had  pnsst'd  the  Urn  cxaniiniitlun  and  thoH«  who  bad 
fall<»d  It  nerrt  roc|ulred  tu  take  ihla  He<-oDd  exanilnuilon. 

TMh  <(aiiie  prccoaa.  cov<<rliiR  each  time  the  eniiiu  principle, 
wan  re[>eated  for  four  or  five  oxuinlnntlunii,  and  wiih  three 
difterenl    KroupK   of    Hludenta    diirlnK    three   dilTerenl    yeurit. 

The  Reault.— The  curve.  FIb  1.  Is  a  loniposlte.  It  lllu»- 
tratcx  the  genoml  result  for  all  Kroiips  rather  than  the  ex- 
act reiult  of  the  tents  of  any  one  Kruup  It  very  accurately 
exprvHiies.  however.  »he  reMuIlM  otilulned  from  thl»  method 
of  Instruction  Vertltal  dlNlanccs  represent  pen  I'ntuKeH  of 
the  clii»8  not  pHHsing  any  given  examination  hurizonl^il 
dl.stancen  represent  lioth  the  number  of  upportunltlea  or 
examlnatluns  and  the  lln.e  allov^ed  fur  preparation. 

In  general  It  will  be  noted  that  about  L'li  per  cent  of 
the  class  never  mastered  the  principle  Involved  and  that 
It  re>iulred  a^io'.i!  four  trials  before  that  portion  of  the  class 
which  could  master  '.he  principle  u<'tuu!ly  did  master  It. 

Tills  let  it  be  remembered,  was  the  result  of  the  lecture 
metho<!.  L«'t  us  now  examine  the  effect  of  teaching  by 
text'jook   without  the  lecture. 

The  Problem.— .\t  this  time  u  text  was  adopted  for  use 
which  contained  a  complete  explanation  of  this  principle 
whiih   was   proving   fo  dini(  ult   (or  students   (o   understand. 

The  statement  of  the  problem,  the  given  and  reiiulred 
data  were  ld<-ntlcal,  and  the  method  of  explanation  in  the 
text  was  the  same  as  that  followed  on  the  blackboard.  The 
onlv  differences  between  the  methods  of  presenting  the  sub- 
ject matter  were  these  -in  the  text  the  student  was  present- 
ed with  a  flsure  which  was  complete,  on  the  blackboard  the 
illustrative  figure  was  built  up  line  by  line.  Otherwise  the 
presentation  was  the  same  except  that  the  method  varied. 

The  Method  of  Teaching.— The  problem  was  assigned  as 
a  lesson.  No  explunulion  concerning  It  was  given  other 
than  that  the  problem  was  important  and  required  care- 
ful study.  Opportunity  was  given  for  students  to  ask  ques- 
tions and  to  clear  up  any  doubtful  points.  After  sufllcient 
time  had  elapsed  an  examination  on  this  problem  was  given. 

As  In  tlie  r.rst  examination,  some  students  failed,  a  much 
smaller  proportion  of  the  class,  however.  These  were 
coached  and  given  further  opportunity  to  mnsler  the  prin- 
ciple, th'-n  a  .second  examination  was  given  to  all  students. 
This  same  process  was  repeated  until  a  total  of  three  exam- 
inations had  been  given. 

The  Result.- The  curve.  Fig.  2.  is  the  exact  record  ofwhaf 
happened  in  one  class.  It  will  be  observed  at  once  that 
those  student."  who  could  master  this  problem  demonstrated 
this  fact  on  the  first  trial,  and  that  those  students  who  could 
not  pass  the  first  examination  never  succeeded  In  master- 
ing the  principle.  Other  groups  of  students  were  tested 
in  a  similar  manner  \»ith  similar  results.  While  the  curve 
In  Fig.  2  Is  the  exact  record  of  one  group  it  Is  also  a  typical 
record  of  class  performance  under  this  system  of  Instruc- 
tion. 

Concluiion*.  -The  conclusion  to  be  reached  from  these 
two  experiments  is  so  obvious  as  to  require  no  exploitation. 
Brielly  slated  it  is  this— the  methoil  of  presenting  facts  to 
students  by  the  lecture  system  is  inferior  to  the  method  of 
presenting  facts  by  the  text-book  system. 

Students  are  not  capable  of  taking  notes,  are  not  able 
to  remember  demonstrations  without  notes,  and  are  not 
developed  mentally  to  the  point  of  being  able  to  assimilate 
fncts  at  one  hearing. 

CIven  a  text  in  which  the  matter  to  be  learnt'd  Is  clearly 
stated,  students  will  devote  sulllclent  time  to  the  study  of 
these  facts  to  overcome  their  Individual  handicaps  In  rates 
of  learning.     The  proof  of  this  la  shown  In  Fig.  2. 

After  sultlcient  time  for  study,  a  class  will  demonstrate. 
If  taught  by  the  textbook  method.  In  one  trial  that  they  have 
mastered  the  lesson  It  requires  from  three  to  live  trials 
to  reach  the  same  state  of  class  perfection  when  the  instruc 
lion  Is  by  the  lecture  method. 


Ontario  Preparing  to  Construct  S.OOO  Miles  of  Improved 
Roads.  A  .'..DO" mile  roail  construct  ion  progriini  Is  proposed 
by  the  Province  of  Ontario  a*  a  means  for  furnishing  em- 
ployment  lo  soldiers  returning  after  the   wor. 


Notes  On  Highway  Design 

By   J     L.    HARRISON. 

Railroad  Crossings.  .Many  urcldeiitH  occur  at  railroad 
crosslngK  .Most  of  these  are  admittedly  due  to  the  reck- 
less carelessneHH  of  the  public,  but  this  very  fact  should 
b©  sufllcient  to  prompt  engineers  to  avoid  the  selection  of 
routes  on  which  there  are  dangerous  grade  cro-"lnBs  The 
present   customary   policy  of  Iwatlng   both   r^'.  i 

roads    without    regard    to    these    crossings    is 
as    Is    also    the    present    policy    of    firmly    esi.i'  il 

locations  by  the  expensive  process  of  constructing  cruKslugs 
cither  over  or  under  the  railroad  tracks  in  order  lo  rell-ve 
the  risk  whii-h.  In  many  cases,  could  be  more  really  and 
more   salisfai-torily   eliminated   by   changes   of   route 

Aesthetic  Considerations.  Aesthetic  considerations  are 
of  great  Importance  in  the  selection  of  the  routes  of  mod- 
ern hlKhways.  Such  considerations  are  naturally  of  more 
Interest  to  those  who  travel  for  pleasure  than  they  are  to 
those  who  travel  for  business.  It  Is  perfectly  natuial. 
therefore,  that  such  considerations  should  play  a  more 
important  part  In  the  •election  of  a  route  for  a  modem 
highway  than  they  have  played  In  the  past,  for  the  In- 
creased amount  of  recreation  travel  which  has  accompanie<l 
the  development  of  the  automobile,  has  made  both  the  at- 
tractivenesH  of  the  road  and  its  Immediate  surroundings  as 
well  as  the  scenery  which  can  be  viewed  from  It.  Impor- 
tant considerations.  As  a  feature  in  the  selection  of  a 
highway  route  It  should  always  be  remembered  that  long 
tangents  are  an  abomination.  Few  things  will  detract  from 
the  pleasure  of  an  afternoon's  drive  more  than  the  necessity 
of  traveling  for  mile  after  mile  on  one  straight  line. 
Other  conditions  may  make  straight  lines  advisable,  but 
from  the  standpoint  of  aesthetics  that  route  should  be  se- 
lected which  winds  most  gracefully  along  Jhe  river  or 
•.hrough  the  hills,  and  from  which  there  are  'o  be  seen  here 
and  there  those  country  side  views  which  so  delight  or 
those  .glimpses  of  the  vastness  of  nature  which  so  inspire. 

Technical  Points. —  Beside  these  matters  which  are  social 
in  their  general  bearing  there  are  certain  considerations  of 
purely  technical  nature  which  must  also  be  examined. 
Among  these  may  be  mentioned  such  items  as  stream 
crossings,  drainage,  soils,  the  accessibility  of  road  building 
material,  etc.  The  selection  of  a  highway  route  should, 
in  all  countenance,  be  begun  by  a  careful  examination  of 
these  features  and  the  opinions  arrived  at  concerning  the 
technical  feasibility  of  the  various  routes  should  be  a 
matter  of  first  consideration.  However,  for  reasons  stated 
in  the  article  in  Sept.  4  Issue,  this  is  not  now  the  usual 
procedure  and.  In  fact.  It  is  hardly  an  overstatement  of 
present  conditions  to  say  that  these  matters  usually  play  no 
part  In  the  selection  of  routes,  being  left  for  the  engineer 
to  struggle  with  after  some  one  else  has  cho.sen  the  route 
wlilch  his  road  must  follow.  However,  in  the  hope  that  a 
time  niay  come  when  the  purely  technical  considerations 
will  play  a  larger  part  in  the  selection  of  highway^  routes, 
the  following  notes  have  been  Included. 

Stream    Crossings.     Hridges    are    al.v.  ■  ive.     In 

fact,  a  foot   of  high  cliuss  modern  steel   !  'i;o  will 

cost   as    much    as    10   ft     of    the   best    bri  ■.'    18   ft. 

wide.  It  therefore  behooves  an  engineer  lo  ,;uc  iho  total 
length  of  the  bridges  which  will  be  re«|ulred  on  any  route 
most  careful  consideration.  The  total  length  of  struc- 
tures required  on  the  various  routes  will  often  be 
found  to  vary  considerably,  for  even  where  the 
same  streams  must  be  crossed  on  all  routes.  It  usually  will 
be  found  that  thi-re  are  distinct  illflerences  In  the  width  of 
the  stream  at  different  (Hjints  In  fact,  these  differences 
are  often  very  large.  The  writer  has  In  mind  a  stream 
which  he  once  Investigated  rather  carefully  and  over  which 
it  had  be<'n  planned  to  place  a  •lOo  ft  bridge,  which  was 
ample  for  lh^  Iticullon  that  had  been  sele«-ted  For  various 
reasom*.  largel)  political,  it  was  desired  that  the  crossing 
be  made  some  s  miles  farther  up  the  stream,  but  a  core- 
tul  ri'connaissanre  falb-d  to  locate  a  single  point  within 
:■  miles  of  where  a  crossing  was  desired  which  could  be 
made  with  loss  than  1200  ft.  of  bridge.    Another  case  of  this 
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same  kind  involved  a  comparatively  small  stream  which, 
at  the  point  where  it  crossed  the  established  right-of-way, 
occupied  a  stream  bed  some  six  hundred  feet  wide.  Within 
less  than  1000  ft.  of  this  point,  this  same  stream  could  be 
crossed  with  one  160  ft.  span. 

Such  cases  are  common  and  when  coupled  with  the  fact 
that  there  is  a  wide  difference  in  the  risk  involved  in  bridg- 
ing at  different  points  along  any  stream,  justify  a  careful 
examination  of  stream  crossings.  The  difference  which 
these  matters  make  in  the  advisability  of  competing  routes 
is,  of  course,  largely  a  tangible  difference  which  can 
be  expressed  in  money  value  so  is  one  which  the  laymen 
readily  appreciate. 

Drainage. — The  general  drainage  of  the  country  through 
which  a  road  may  run  has  an  important  bearing  on  the 
probable  success  of  any  construction  which  is  undertaken. 
It  is  so  customary  to  demand  good  drainage  that  few  men 
stop  to  think  farther  than  that  the  run-off  should  be  prompt 
and  complete.  It  is  true  that  a  good  run-off  is  very  desirable, 
but  there  are  other  considerations  of  equal  or  greater  im- 
portance. One  of  these  is  that  flat  land  always  makes  a 
poor  location  for  a  highway,  for  no  matter  how  well  drained 
it  may  be  during  the  warm  months,  melting  snow  is  very 
apt  to  so  saturate  the  top  layer  or  any  large  flat  area  that 
its  stability  is  largely  lost  during  the  period  when  the  snow 
on  the  surface  is  melting,  but  when  the  frost  still  remains 
in  the  ground  to  such  an  extent  that  it  prevents  the  water 
on  the  surface  from  percolating  into  the  lower  ground 
strata.  Moreover,  there  is  apt  to  be  a  great  variation  in 
the  water  content  of  the  soil  in  low  flat  areas.  This  is  due 
to  the  fact  that  the  rainfall  onto  and  the  flow  of  ground 
water  into  such  areas  is  variable.  At  times  the  flow  into 
these  areas  exceeds  the  flow  from  such  areas.  At  times 
they  are  less  than  the  flow  from  such  areas.  The  level  of 
the  ground  water  is  thus  constantly  raised  and  lowered 
and  may,  at 'times,  even  rise  to  or  above  the  surface  of 
the  ground.  Such  areas  are  an  unstable  foundation  for 
highways  and  should  be  avoided,  for  even  expensive  con- 
struction will  not  counteract  the  defect  of  a  weak,  wet 
subgrade. 

Side  hill  locations  are  usually  much  superior  to  valley 
locations;  that  is,  the  drainage  there  is  usually  better. 
This  can  be  carried  still  farther  and,  with  equal  truth,  it 
may  be. asserted  that  a  location  along  the  top  of  a  ridge  is 
better  than  a  location  on  either  a  side  hill  or  in  a  valley, 
because  here  the  possibility  of  trouble  with  water,  whether 
from  slow  run-off.  the  saturation  of  the  subgrade  by  a  rise 
in  the  water  table,  or  by  reason  of  the  failure  of  the  ordi- 
nary means  of  sub-drainage  when  the  ground  is  frozen  is  a 
minimum.  Hill  top  routes  of  course  present  other  diffi- 
culties which  tend  to  offset  this  advantage,  but  the  advan- 
tage here  mentioned  is  one  which  could  be  made  more  of 
and  which  must  be  taken  into  more  consideration  if  the 
loadings  permitted  on  the  highways  are  to  be  farther 
increased. 

Hillside  and  valley  routes  are  sometimes  rendered  inad- 
vantageous  by  the  presence  of  springs.  However,  springs 
usually  have  only  a  local  effect  and  therefore  can  be  rather 
easily  controlled,  so  the  presence  of  springs  on  any  route, 
while  annoying,  may  not  be  of  much  importance.  The 
important  matters  are  the  elevation  of  the  water  table, 
the  effect  of  capillary  action,  and  the  effect  of  snow  and 
frost,  all  of  which,  while  perhaps  less  easily  discernible, 
are  really  of  far  more  importance  for,  as  yet,  they  are 
practically   uncontrollable. 

Soil.— The  question  of  drainage  is  never  far  separated 
from  the  question  of  soil.  Soils  are  so  variable  in  compo- 
sition and  characteristics  and  the  characteristics  of  soils 
vary  with  such  utter  disregard  for  what  it  would  seem  to 
be  natural  to  expect  from  a  determination  of  their  compo- 
sition that  no  very  definite  laws  as  to  their  value  in  sub- 
grades  can  be  laid  down.  However,  it  may  be  said,  in 
general,  that  coarse  soils  make  good  foundations  for  roads 
and  that  a  route  running  over  such  soils  has  an  advantage 
over  a  route  running  over  such  fine  soils  as  the  clay,  gum- 
bos, etc.  But,  on  the  other  hand,  this  is  largely  a  matter 
of  water  content  for  a  very  small  amount  of  water  will 
make  some  coarse  material  soils,  tor  instance  as  fine  sand 


containing  a  moderate  amount  of  slacking  clay,  extremely 
unstable,  while  on  high  ground  even  heavy  blue  clay  and 
gumbo  clay  may  serve  very  well  indeed  as  a  foundation 
material,  if  the  rainfall  is  light  and  the  slopes  such  that  the 
run-off  is  rapid.  This  is  extremely  indefinite — but  at  that 
no  more  so  than  the  subject  warrants  for  there  is  practi- 
cally no  guide  in  this  matter  but  experience,  and  even  after 
years  of  careful  observation  soils  will  be  encountered  which, 
for  one  reason  or  another,  fail  entirely  to  perform  as 
expected.  Thus,  some  years  ago,  the  writer  examined 
a  short  stretch  of  road  which  had  been  built  over  a  clay 
sub-grade.  The  road  was  a  gravel  road  8  in.  thick  and  well 
built,  a  10-ton  roller  having  been  used  in  compacting  the 
subgrade  and  in  placing  the  surfacing.  The  clay  soil 
seemed  normal  in  every  respect  and  had.  in  fact,  behaved 
in  quite  a  customary  manner  during  construction.  In  spite 
of  this,  the  sub-grade  absorbed  so  much  water  during  three 
day?  of  wet  weather  which  came  soon  after  this  road  was 
opened  to  traffic  that  the  metalling  was  cut  entirely  through 
and  on  the  fourth  day  traffic  had  to  be  stopped  because  the 
wheels  were  sinking  to  their  hubs  in  the  mud.  That  the 
sub-grade  was  the  source  of  the  trouble  was  cle.ir.  as  the 
traffic  was  not  heavy  and  the  metalling  similar  to  that  used 
all  over  that  region.  This  illustration  is.  perhaps,  extreme, 
but  it  serves  to  show  that  while  of  great  importance  as 
affecting  the  life  of  a  road  too  much  emphasis  should  not 
be  placed  on  soils  as  affecting  the  selection  of  routes  for  the 
simple  reason  that  our  knowledge  of  this  matter  does  not 
yet   warrant   it. 

Road  Building  Material.— During  the  regime  of  gravel 
and  macadam  roads  it  was  considered  advisable  that  roads 
should  be  located  as  near  to  natural  sources  of  supply  as 
possible.  In  a  limited  degree  this  is  still  advisable,  but 
the  limitations  should  be  well  understood  and  for  modern 
high  class  improved  roads,  the  less  local  stone  used  the 
better,  unless  the  local  stone,  as  rarely  happens,  is  of  verj' 
good  quality.  It  used  to  be  the  idea  that  the  proper  loca- 
tion for  a  road  was  one  which  permitted  the  erection  of  a 
small  crusher  plant  every  few  miles  along  the  road  within 
easy  hauling  distance  of  the  road.  This  reduced  the  cost 
of  metalling  very  materially,  but  the  surface  stone  obtained 
from  such  workings  was  usually  more  or  less  decomposed 
and  much  softer  than  is  now  considered  necessary,  even 
for  a  macadam  road. 

For.  high  class  pavements,  such  as  modern  bituminous 
mixed  tops,  and  for  all  concrete  work,  the  use  of  local 
stone  can  only  be  looked  on  with  favor  when  such  stone 
can  pass  the  most  rigorous  tests  as  to  strength  and  general 
wearing  qualities.  It  is  such  poor  policy  to  try  to  save  to 
from  .50  cents  a  cubic  yard  by  buying  local  stone  for  a 
concrete  road  if  thereby  25  per  cent  of  the  possible  strength 
of  the  pavement  is  to  be  lost,  that  the  question  of  local 
supplies  of  sand  and  stone  or  gravel,  except  for  roads 
of  very  secondary  importance  should  not  be  considered. 
As  a  matter  of  fact,  it  should  not  even  be  necessary  to  men- 
tion so  obvious  a  proposition,  but  the  fact  that  one  con- 
stantly sees  cheap  gravel,  and  soft  stone  used  in  high  class 
paving  work  where  a  saving  of  a  few  cents  a  yard  is  made, 
at  the  expense  of  from  a  quarter  to  half  of  the  strength 
of  the  pavement  leaves  the  mipression  that  this  point  needs 
constant  emphasis. 


Canadian  Contractors  to  Form  National  Association. — A 
conference  of  contractors  of  Canada  will  be  held  at  Ot- 
tawa, Ont  ,  Oct.  22-24,  for  the  purpose  of  organizing  a  na- 
tional association  of  general  contractors,  sub-contractors 
and  supply  houses.  At  a  preliminary  conference  last  month 
a  temporary  executive  committee,  of  which  D.  K.  Trotter 
of  the  Montreal,  Que.,  Builders'  Exchange  is  Secretary,  was 
appointed 

Openings  for  Mechanical  Engineers.— A  limited  number 
of  mechanical  engineers  are  wanted  by  A.  H.  Krom,  Direc- 
tor of  Engineering,  29  S.  La  Salle  St.,  Chicago.  111.,  for 
openings  in  essential  industries  and  departments  of  the 
Government.  Men  must  be  30  to  45  years  of  age  and  thor- 
oughly familiar  with  shop  and  metal  work. 
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Effects  of  the  War  on   Construc- 
tion of  \'erniilion  County 
Bond  Roads 

By   P.  C.   McAROLE. 
Suprrlntendlni:    KiiKlnt-.r.    V.-itiiill..M   fuunlv    Hoiul   Komi*. 

ContraclH  for  the  construction  of  Vermilion  County,  llll 
nol».  Bond  Kouils  were  lot  April  7.  1916.  t'untraclorii  were 
well  aware  at  that  time  of  the  Imminence  of  war  between 
the  Knlted  Staten  and  (ieriiian>.  Work  »ii>t  ttiarted  on  prac- 
Ically  every  division  of  the  nlue  In  which  the  county  was 
divided,  about  (he  middle  of  May. 

Only  two  of  these  contractors  had  had  previously  any  ex- 
tended hiKhway  experience.  altbouKh  all  hud  done  consider- 
able municipal  contract  work  and  all  were  apparently  finan- 
cially able  to  curry  their  contractu  to  a  successful  conclu- 
sion within  the  contract  time.  That  more  of  these  contrac- 
tors had  not  had  any  more  experience,  wa.i  to  be  expected 
because  comparatively  little  of  this  class  of  work  had  been 
done  In  Illinois.  As  time  went  on.  prices  of  labor  and  ma- 
terials be^an  to  rise  on  account  of  the  withdrawal  of  labor 
to  the  munition  plants,  etc. 

The  output  of  the  work  on  the  nine  divisions  In  1916 
amounted  to  an  average  of  but  5.6  miles  per  contract.  This 
was  further  decrea.sed  in  1917  to  an  average  of  ■4.4  miles  per 
contract.  Meantime  war  had  been  declared.  Men  were 
still  more  rapidly  being  withdrawn  from  Industry  for  the 
prosecution  of  the  war.  and  car  service  order  No  1  went  into 
effect  April  1'6.  1917.  and  Priority  Order  No.  2.  on  Oct.  28. 
1917.  These  two  orders  effectually  stopped  work  for  at 
least  two  of  the  best  working  months  of  the  year,  result- 
ing in  the  production  of  92.43  miles  of  road  out  of  a  total  of 
166  miles  contracted,  within  the  time  specified  in  the  con- 
tract Nov.  1,  1917.  County  officials,  well  aware  of  the 
added  co.«ts  of  labor  and  materials  incident  to  the  war.  hesi- 
tated to  try  to  enforce  the  forfeiture  terms  of  the  contraC 
for  non-completion  and  relet  or  to  try  to  enforce  penalties  for 
such  non-completion  because  of  the  defense  which  might  be 
raised  by  the  contractor  and  his  bondsmen,  that  war  au- 
tomatically prevented  the  successful  execution  of  the  work. 
All  were  notlfled,  however,  that  the  county  expected  them 
to  complete  the  work  at  the  earliest  possible  moment. 

The  spring  of  191S  witnessed  but  two  contracts  under 
way.  Jan.  1  saw  the  railroads  of  the  counlry  taken  over  as 
A  war  measure  by  the  President  of  the  I'nited  Stales  and 
there  followed  rigorous  rules  regarding  switch  tracks  and 
movements  of  freight  and  higher  freight  rates,  which  made 
more  lacumbance  on  the  work  as  a  result  of  which,  the  two 
remaining  contractors  withdrew  from  their  work.  The 
appeals  of  citizens,  deeply  interested  as  abutting  property 
owners  and  others  offered  considerable  inducements  to  the 
contrai  tors  lo  again  take  up  the  work  and  prosecute  the 
contracts  to   a  successful   conclusion. 

On  one  of  these  divisions.  No.  6,  committees  were  formed 
in  each  of  four  small  towns  through  which  the  road  passed, 
and  In  a  short  time  had  obtained  guarantees  of  sufficient 
free  teams  to  haul  all  of  the  material  on  .SM;  miles  of  road. 
On  Division  8,  without  formation  of  any  such  committees, 
but  on  the  request  of  one  or  two  prominent  farmers,  suf- 
ficient teams  were  obtained  to  move  the  entire  camp  ant' 
appliances  from  Hastings  to  Jamaica,  a  distance  of  11  miles, 
and  they  also  agreed  that  if  the  rontroctor  would  provida 
the  shoulder  material  at  the  siding  they  on  their  part  would 
haul  It  to  the  Job  free  of  cost  lo  the  contractor,  provided  hu 
placed  the  concrete  slab  in  the  case  of  movlni;  the  camp 
from  Hastings  to  Jamaica,  there  was  no  prearranged  plan 
One  farmer  agreed  to  go  out  and  obtain  the  necessary 
teams  to  move  this  camp  and  equipment  In  one  day,  and 
this  was  actually  done.  The  second  part  of  the  agreement 
has  not  yet  b(><-n  carried  out  and  will  not  bo  until  the  con- 


crete slab  U  completed,  but  we  hrr      - 
that  It  will  not  be      Work  is  pro/ 
the  transfer,  at  a  fairly  good  rate 
haps  us   It   ever   was  done   In   ih- 
this  |>urtlrular  case,  the  county  u-  ■ 

Ices  of  lis  division  engineer  as  sut^ , 

thus  relieving  the  contractor  of  the  cost  ot  bis  bighesi  paid 
employe,  reducing  orerbead  I"  thai  extent 

On   Division  6.   work  Is  pr...  r 

rani:<-ii  ••III    there  that    two  • 
at   thu   west  end  of  the  J<ib  iir. 

400  ft,  per  day  for  each  ouilU.  So  wll  liun-  Iuk»k  i  wo 
propositions  worked  out  that  farmers  In  other  sections  of 
the  county  In  at  least  two  other  dlvlKions,  arc  at  this  mo- 
ment gathering  the  necessary  subscriptUns  to  gi.-t  work 
started  In  them  e\en  before  the  f>nt|  of  this  working  seafon. 
and  It  seems  probable  that  tl  ■  :  the  work  «. 

completed  this  way  If  the  cv:  ,ir  don't  pr. 

The    thought    must    occur  :-r    why    ar. 

farmers  so  Interested,  and  the  aunwi-r  must  be  given,  that 
they  have  had  from  on©  to  fwo  years'  experience  In  driving 
over  the  roads  already  built  and  they  are  nov.  ■  :- 

to  close  up  the  vacant  links  in  the  chain  of  r. 
matter  what  the  season  or  whether  In  the  day  ■  •  v 

may  travel  comfortably  between  their  homes  In  the  i'.^uiary 
and  the  cities  in  which  lliey  have  bu.-lness.  To  do  work  by 
volunteer  labor  on  the  roads.  Is  not  new  to  Illinois,  but  It 
U  decidedly  new  to  Ond  the  public  donate  money  and  labor 
to  a  contractor  or  bonding  company  for  »h»  p>irpo«»»  of  com- 
pleting u -contraet.  If  it  shows  an  '  ■  x 
perience  has  convinced  even  the  u.  1 
road  is  an  absolute  necessity  and  ' 

to  apply  on  the  contracts,  they  are  will.uK  lo  pa>  still  u.ore 
in  the  form  of  labor  or  money.  In  order  to  get  the  roads 
now  nither  than  wait  until  after  the  war,  when  times  be- 
come normal  again.  They  have  taken  the  attitude  that 
this  is  not  the  time  to  blame  any  one,  except  "der  Kaiser." 
but  it  is  a  time  foi  every  one  to  enthusiastically  support 
any  movement  that  will  better  our  own  home  condition* 
even  before  the  war  is  over. 


Field  Test  Results  of  Use  of  Hy- 
drated  Lime  in  Concrete  Roads 

There  has  been  much  conjecture  during  the  past  few 
>"ars  on  the  part  o(  highway  engineers  as  to  the  effect 
hydrated  lime  has  on  the  strength  of  concrete  when  used 
for  highway  purposes.  \n  Investigation  of  the  subject  has 
been  conducted  by  the  Slate  Highway  Department  of  Dela- 
ware under  actual  field  conditions.  Test  specimenJ  were 
poured  from  batches  of  concrete  that  were  being  placed  in 
the  road,  and  were  exposed  to  the  same  conditions  of  stor- 
age, to  which  the  road  was  subjected.  At  the  end  ■''  "'  '' 
months  period  the  specimens  were  removed  lo  the 
tories  of  the  Henry  S.  Spackmen  KiiKinecring  Co  ,  r 
delphia,  for  breaking  under  compression.    The  results  were. 


No  lime 
Lb.  per  m} 


lime.  S<^    II 

•q.   In.     Ui.   I  -  •- 


;iv  3,.^«l  nv 

ttaiifn  n(   llm«  wprp   I 
ri   ihp  mixture.     The  . . 


TS*f    Utile 
■     •— -   mi.   In 


rllan.l 


In  breaking  under  compreb.slun,  it  ujs  uuieU  by  the 
laboratory  that  failure  of  the  coarse  aggregate  occurred  in 
every   cawe. 

The  following  paragraphs,  extracted  from  a  tetter  of 
O.  W.  Hutchinson,  Tesllnr  Fnplno^r  of  the  fiinif  Highway 
Pepariiin'tit.    In    which    ■'  .v 

report. 'cl    to   Chas     ,M 
nieihmls   used    In    the    i  ■ 

The  specimens  were  dx^Z  in  c>IiiuU'ri.  aiia  ut-ru  Uiiide  at 
the  same  time  the  concrete  was  being  placed  upon  the  road- 
bod.  A  chute  mixer  wa*  used.  The  cylinder  form  was 
filled  by  holding  II  under  a  chute  and  deflecting  the  flow  of 
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concrete   from    the   road    into   the   form.     All  specimens   of  p^       .         .       y                  •.■.-. 

one  mixture  were  taken  from  the  same  batch  in  the  mixer,  IJrainage    Increasingly    Vital  with    GtOWth 

The  specimens  were  not  tamped,  hut  were  struck  off  on  of    HeaVV   Traffic* 
top  and  then  were  covered  In  order  to  protect  them  from 

the  rays  of  the  sun,  this  being  identical  with  the  treatment  ^                        ^  ^"  ^'  JAMES, 
given    the    road.      After    being    covered    for    24    hours,    they  Oeneral   inspector.    U.    S.  Bureau  of   Public    Roads, 
were  buried  at  the  side  of  the  finished  concrete  road,  and  When   the   recent   failure   in   several   States   of  a   consid- 
at  the  time  when  moist  earth  was  thrown  on  the  road  the  erable  mileage  of  first-class  road  is  considered,  it  appears 
specimens   were  included   under  this  covering.     They   were  that   the  problem   of  the   immediate   future   is  going  to   be 
left  in  place  until  they  were  6  months  old  and  received  the  t^e  development  of  adequate  foundations  to  handle  a  fast- 
same   treatment   as   the   road  during   this   period   and   were  growing  motor-truck  traffic, 
then  taken  to  be  broken.  Whether  the   increase   in   number  of  trucks   in  the   next 

As  the  tests  were  started  in  November,  it  will  be  seen  decade  will  in  any  way  approximate  the  increase  in  pleasure 

that  the  specimens  were  subjected  to  the  Fall,  Winter  and  automobiles  during  the  last  one  is  not  a  matter  of  special 

Spring  periods.  moment,  but   it   is  of  the  greatest  importance  whether  the 

Consistency  of  the  mixture  w^as  determined  by  the  inspec-  ^'^°^^  tonnage  of  trucks  increases  rapidly.  A  single  truck 
tor  and  the  testing  engineer  in  accordance  with  their  ideas  °'  ^°^^  designs  will  provide  a  tonnage  equal  to  five  or  six 
of  an  ideal  working  consistency.  The  amount  of  water  louring  cars.  A  single  truck  operating  between  fixed  ter- 
was  not  measured  as  it  was  not  practical  under  the  cir-  """'  ^^^  damaged  a  road  in  a  single  month  to  more  than 
cumstances.  but  the  same  consistency  was  maintained  ^^^^.  oi'^inary  cost  of  maintenance  for  a  whole  year.  A 
during  the  mixing  by  the  agreement  of  opinions  of  the  man  string  of  trucks  operating  over  a  road  not  properly  sup- 
running  the  mixer,  the  inspector  and  the  testing  engineer;  P<"'ted  by  the  existing  foundation  has  entirely  destroyed 
that  is,  the  specimens  were  poured  when  the  consistency  '"  '^^°  weeks  a  well-built  surface  costing  $8,000  per  mile, 
■was  unanimously  agreed  to  by  the  three  parties  as  being  Weak  Foundations  Prolific  Cause  of  Failures. — Careful 
the  same  as  that  of  the  previously  made  specimens."  inspection    indicates    that    failures    have    largely    been    the 

result  of  weak  foundations  at  the  time  frost  is  "coming  out 

of  the  ground,"  when  the  water  content  of  the  soil  is  high 

Specifications   for  Roller  and  Belt   Method  and  foundations  are  consequently  weakened.     What  degree 

of  Fi'ni«5hirnS  Cnnrrptp  Rrtiirl«  '"'   weakening   is   permissible   under  any   conditions   before 

OI  t<inisning  ^^Oncrete  KOaaS  failure  is  reasonably  certain  is  not  known  because  we  never 

The  following  clauses  regarding  the  finishing  of  the  know  even  approximately  the  factor  of  safety  in  the  bear- 
surface  of  concrete  pavement  form  a  part  of  the  standard  ing  power  of  our  sub-base  or  subgrade.  The  few  studies 
specifications  of  the  State  Division  of  Highways  of  Illinois,  made  in  this  direction  have  little  application  to  road  con- 
for  concrete   road   construction:  ditions,   because   the   moisture   content   of  the   soil   and   its 

After  the  surface  of  the  concrete  pavement  has  been  struck  grading    or    texture,    which    so    strongly    affect    capillarity, 

off  to  the  proper  cross-section,  it  shall  be  finished  by  rolling  and  have    never    been    adequately    considered.     Further,    it     is 

belting.    The  roller  and  belt  shall  meet  with  the  approval  of  the  doubtful    if    within    the    immediate    future    any    increase    of 

engineer.  knowledge  of   soil   conditions   will   be   sufficient   to   indicate 

The  belt  shall  be  of  canvas-rubber  composition  from  one   to  j^    method    of    direct    control.     Capillarity    can    not    be    ade- 

four  ply.  and  shall  have  a  width  of  6  to   10   in.,   and   a  length   at  ■    ,              *      ,,    j       ti             ^    i,             . 

^  „■  .    ,            ^,        ..         .,..<•  .1,                    ^      ^    ^     X ,  quately   controlled.     It   must   be   met. 

least   2   ft.    longer   than    the   width    of   the    pavement.      Preferably  -J 

two   belts   of   different   weights   should    be   u.sed,    the   lighter   one  Soil    Moisture   and    Its    Effects   on    Sub-Grades. — The   same 

being  used  for  the  last  belting.  degree  of  approximation  in  our  road  foundation  design  will 

The  roller  shall  be  of  smooth  steel  from   s   in.   to  12   in.   in  doubtless  prevail  until  considerably  more  data  are  available 

diameter  and   shall  have   a   total   length   of  at   least   4   ft.,   but  regardmg   soil   moisture   and   its   effects.     In   the   meantime 

preferably  6  ft.     The  weight  shall  not  exceed  %   lb.  per  inch  of  such   information   as   we   have   can   be   used   for   what   it   is 

length  of  a  roller  s  in.  in  diameter,  nor  1  lb.  for  one  12  in.    For  worth.     Some  recent  examinations  made  by  an  engineer  of 

roads  not  more   than   15   ft.   in   width,   the  roller  may  be  operated  ^^^    g^,^^^^    ^j    p^,^,i^    jj^^^^    ^^^^.^^    ^^^    following    inter- 

by    a    handle    so    aesigned    and    used    as    to    neither    increase    nor  ^.          ,    ^ 

estin2!  data" 

decrease  the  pressure  coming  upon   the  concrete  from   the  roller.  " 

For  roads  of  greater  width,  the  roller  should  preferably  be  op-  Clay  below  a  Concrete  pavement  contained  18.88  per  cent 

erated  by  ropes.  by  weight,   or  about  46   per  cent  by   volume,  of  water.     In 

Immediately  after  the  surface  of  the  concrete  pavement   has  another   case    clay    Contained    12.7    per   cent   by   weight;    in 

been   struck   oft  with   a  template,    it   shall   be  belted   over   once  j-mj    another    case,    12.23    per    cent.      Clav    loam    under    an 

with  a  combined  crosswise  and  longitudinal  motion,  using  long  ^     j^^^j^   pavement  on  a  7-in.  concrete  base   contained   13.58 

vigorous    strokes    of    the    belt.      At    this    belting    the    longitudinal  ^    ,              .    ,  ^               ,,..on                      i.i.            ■                 c 

motion   shall  be  slight,   but   it   may   be   increased   in   succeeding  P^""   ^'^i'   by   weight,   or   about    33    per   cent   by   volume,   of 

beltings.     Care  shall  be  taken  not  to  work  the  crown  out  of  the  water. 

pavement,  nor  to  permit  the  edges  of  the  belt  to  dig  into   the  Sand  cushions  under  grouted  brick  and  on  a  concrete  base 

surface  of  the  concrete.  have    been    found    to    contain    6.38    per    cent    of    water    by 

After  an  interval  of  10  to  20  minutes,  or  as  much  longer  as  weight;    and    under   a   tar-filled    brick    pavement    and    on    a 

the  engineer  directs,   the  roller  shall  be  slowly  operated  trans-  concrete  base  9.05  to  13.76  per  cent.     Under  wood  block  on 

versely  from  one  edge  of  the  pavement  to  the  other,  and  then  a  concrete   base  the  sand  cushion   may  contain  as  high  as 

back  again  over   the   same   area.     A   one-half   lap  shall   then   be  ^2  7  per  cent  of  water  by  weight, 

made  and   the   rolling  continued   as   before   until   the   entire   sur-  .                             „,            „ 

face  has  been  rolled.     In  moving  the  roller  to  make  the  lap,  great  Studies   of   Capillary   Action.-These    figures   may   be   con- 
care  shall  be  taken  not  to  mar  the  concrete.  sidered  as  being  the  natural  moisture  content  of  the  various 

immediately  after  the  rolling,   the  surface  shall  be  belted   a  materials  under  the  conditions  existing.     In  every  case  the 

second    time,    and    about    15    minutes    later,    or    as    the    engineer  Structures    were    first    class    and    believed    to    be    adequately 

directs,    it  shall   be  rolled  as  before.  drained. 

.Just   before   the  concrete   obtain.s   its   initial   set,   the   surface  gp^jg   extended    studies    of   the   action   of  capillarity   con- 
shall  be  given  a  fmish  by  a  final  belting  in  order  to  produce  a  ^j^^.^^^   ^      jj^^   irrigation   Division  of  the   Bureau  have   fur- 
uniform  surface  oi  gritty  texture.     This  belting  shall  be  of  short,  ,             ,,..        ,.,          *■         j* 
rapid,  transverse  strokes  having  a  sweeping  longitudinal  motion.  "l^hed   additional   interesting   data. 

The  use  of  a  short  handled  wooden  float  as  a  substitute  for  The  following  table  shows  the  height  to  which  capillary 

the  belt  will  be  permitted  only  by  the  written  authorization  of  water   rises   in   certain   soils   in   24   hours: 

the  engineer.     If  such   permission   is  granted,   the  finishing  shall  Inches. 

be    carried    on    from    a    suitable    bridge,    no    part    of    which    shall       Light   sandy   soil    14 

come   in  contact   with    the  concrete.      The   use  of   a  long-handled  Decomposed   granite    (loam)     ...!................!,!..!.'..,.!!  21 

wooden  float  is  specifically  prohibited.  Heavy   granite    loam    16 

The  edges  of  the  pavement  shall  be  carefully  finished   with  an  *From    Public   Roads.    Official    Publication    of   U.    S.    Bureau    of 

eflger  of  about  1  in.  radius.  r>ublic    Roads. 
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Hfavy    clay    li  am  H 

Heavy     lava     utU  it 

Purr   Band «# 

In    one    day    llu       .., ;.     ...., -,    „,.,.„i,i    about 

on<vhair  l(«  uppurent  nnal  limit.  In  three  days  It  niovea 
about  two^thirdH  ttn  apparent  nnal  limit  In  aonie  hoIU  the 
movement  upward  In  the  llrHt  two  huurv  In  aa  hlRh  an 
onethlrd  of  Uh  movement  fur  M>  day*.  In  pure  sand  It  rUe* 
In  onehair  hour  approximately  one-half  ai*  hiKh  an  In  one 
day.  and  In  one  day  about  7U  per  cent  as  hiKh  an  In  IJ  days. 

The  movement  Is  more  rapid  at  the  Btart  In  IlKht  soilii, 
iind  slowH  down  rapidly.  After  three  i|ay»  the  movement  Is 
•  xicedinKly  slow  In  pure  sund.  In  heavy  hoIIm  the  move- 
ment  Is  uniformly  slower  uiid  more  Hustained. 

In  IlKht  solU  the  per  cent  of  water  In  the  noli  decreaseit 
rapidly  with  the  height  above  the  source  of  water,  while 
In  soiiif  heavy  soils  the  water  content  ib  gtrlklnftly  uniform 
ul  difTerent  depths'. 

Horizontal  capillarity  occurs  with  much  faster  water 
mo\ement  and  greater  uniformity  ot  moisture  content. 
The  speed  and  distance  varies  with  different  soils  and 
ranKes  from  7  to  '},'!  ft.  In  the  flrst  Z^  hours. 

Source  of  Free  Water  Must  Be  Removed.  An  examtna- 
lion  of  the  above  figures  indicates  that  capillarity  In  some 
cases  nils  the  soil  perilously  near  to  the  saturation  point 
even  when  drainage  is  considered  adequate.  And  the 
rapidity  with  which  capillary  action  occurs  when  there  is 
.1  source  of  free  water  makes  it  imperative  that  such  source 
If  removed  with  the  greatest  promptness  and  prevented 
from  occurring  within  a  considerable  distance,  either  vertl- 
>  ally  or  horizontally,  from  soils  which  are  depended  upon  to 
support  heavy  loads. 

The  action  of  capillarity  indicates  that  if  water  is  to 
fttand  or  flow  along  a  road  embankment  for  even  a  few 
hours,  regard  must  be  given  to  the  height  of  the  subgrade 
above  the  water  line,  and  the  lateral  distance  of  the  water- 
course from  the  road  surface. 

Assuming  that  the  supply  of  free  water  will  not  endure 
more  than  one  day  at  a  time.  It  is  apparent  that  a  height 
of  18  In.  in  the  subgrade  above  the  water  line  will  'nsure 
that  the  moisture  content  near  the  surface  is  not  increased. 
Where  the  free  water  is  present  at  a  considerable  dlstan(;e 
to  one  side  this  height  may  safely  be  reduced.  Shallow- 
ditches  a  short  distance  from  the  center  line  tend,  by  hori- 
zontal capillarity,  to  Increase  the  water  content  of  the 
subgrade  at  a  higher  level  than  deep  ditches  similarly  lo- 
cated. If  the  grade  is  through  standing  water  or  against 
a  continuous  source  of  free  water  so  that  the  soil  remains 
continuously  moist,  capillarity  will  lift  the  water  about  4.5 
times  higher  than  in  dry  soil,  and  this  fact  must  be  consid- 
ered In  designing  cross  section  and  grade  across  swamps, 
marshf  s.  or  against  irrigation  or  drainage  ditches  in  which 
•^•ater  <s  present  for  long  periods. 

Where  Special  Drainage  Is  Needed.  These  conditions 
affect  the  design  of  cross  section  and  the  establishing  of 
liradi-  in  places  where  the  presence  of  free  water  !s  fore- 
seen or  where  runoff  is  expected  to  be  slow  and  consider- 
able. If  the  full  bearing  power  of  the  natural  soil  Is  to  be 
developed.  If  the  design  of  cross  section  can  not.  because 
of  Immediate  local  conditions,  be  made  to  meet  the  above 
requirements,  then  special  drainage  should  be  provided  or 
additional   bearing   value  given   by  some  suitable  treatment. 

The  writer  recalls  a  specific  case  in  Florida  where  a  light 
sand  and  sandy  loam  were  reinforced  by  a  4  In.  layer  of 
natural  sand  clay  preparatory  to  placing  wearing  surf.ice. 
The  ■'•■iiifnliiig  value  of  the  sand  clay  mixture  was  counted 
upon  in  the  design  to  furnish  a  nonflowing  base  adequate 
to  dlHlrlbutc  the  comparatively  light  loads  probably  to 
tome  upon  the  surfi.ce  Whi-rever  the  road  was  located 
on  a  ridge  or  high  well  drained  natural  soil,  this  base  ap- 
peared adequate:  but  where  a  grade  w-uh  thrown  up  across 
marsh  land,  swanips.  or  near  Htandlng  water  in  the  "flat 
woods."  the  elevation  above  pn-vailing  water  level  was  so 
little  that  even  when  the  clay  bas<-  appeared  dry  and  satis 
factory.  Just  so  smm  an  surfacing  was  laid  and  evapi  ration 
at  the  surface  of  the  clay  thereby  reduci-il.  the  clay  became 
■  uQIdcntly    moistened    from    the    underside,    by    water   sup- 


plied by  raplllarlty.  for  the  bond  of  the  clay  to  vield  and 
the  ba.Ho  to   tM>conie  more  or  less  plastic  and  flowing 

Experience   alone  baa   developed  many   of   the   features  of 
our   present    hlxhway   cross-section   designs      Certain    bear- 
ing  |>owers  of  the  soil  are  more  or  leas  uncon-elou^ily   as- 
sumed   as    we    follow    accustomed    practice.      .V 
loads   llk<-l>    to  c(.me   upon  our  roads   are   so   i: 
It  Is  a  problem  of  the  utmost  Imponance  to  d'    ■  ■■ 

much  heavier  our  foundations  must  be.  Just  what  loadit 
soils  with  different  moisture  contents  may  be  depended 
upon  to  bear,  and  what  means  If  any.  can  be  developed  to 
Insure  no  Increase  of  moisture  above  a  safe  point.  Of 
course,  these  problems  are  closely  correlated.  How  does 
moisture  content  affect  the  hearing  power  of  soil.i'"  And 
ultimately  what  method  of  design  will  be  most  economiraP 
Will  It  be  cheaper  In  a  given  condition  to  drain  excessively 
or  to  thicken  the  foundation?  These  matters  are  today  a 
closed  book  to  the  highway  engineer. 

Finally,  we  must  face  the  natural  law  at  work  through 
capillarity  and  realize  that  It  can  not  be  removed.  It  must 
be  met. 

More  Extensive  Drainage  Required  for  Cheap  Roads.~In 
matters  of  practice  we  shall  find  little  to  encourage  the 
builder  of  cheap  roads.  Tile  drains.  French  drains,  the 
various  types  of  subbase  will  doubtless  have  to  be  used 
much  more  extensively  In  some  sections  than  they  havi- 
ever  been.  (Jrades  will  have  to  be  kept  higher  in  flat  loca- 
tions and.  to  retain  the  general  crescent  design  of  the 
crown  and  thus  avoid  deep  cut  ditches,  construction  lines 
will  be  much  wider  than  customary.  This  will  have  Its  effect 
on  width  of  right  of  way. 

Design  of  Short  Sections  of  Road  a  Local  Problem. — In  a 
few  states  where  systematic  road  construction  and  main- 
tenance have  required  the  development  of  an  adequate 
permanent  organization  of  engineers,  road  builders,  and 
maintenance  forces,  experience  has  resulted  In  producing  a 
practice  that  more  and  more  completely  meets  the  condi- 
tions that  in  the  past  have  caused  failure  of  our  roads 
under  increasing  traffic  or  imperfect  drainage  features. 
This  practice  Is  to  consider  the  design  of  short  sections  of 
road  as  a  local  problem.  Frequently  the  cross-section 
design  is  changed  several  times  In  a  mile,  gravel  base,  sand, 
crushed  rock,  telford.  V-draln.  or  stone  base  is  placed  where 
needed  to  meet  the  local  drainage  and  soil  conditions.  To 
be  sure,  much  of  this  work  has  been  done  as  betterment  or 
maintenance,  subsequent  to  the  original  construction  Each 
spring  certain  bad  locations  have  been  torn  up  and  repainnl 
by  providing  the  necessary  drainage  or  foundation.  As 
engineers  will  in  general  realize,  some  of  these  failures  are 
due  to  conditions  that  were  not  apparent  at  any  time  during 
the  preliminary  survey  and  investigation,  and  appear  to 
have  developed  after  construction.  But  the  greater  part  of 
such  repairs  are  to  meet  conditions  that  could  have  been 
ascertained  by  proper  preliminary  Investigation  and  ade- 
quate engineering  design  preceding  original  construction. 

In  a  great  majority  of  highway  plans,  however,  will  be 
found  a  single  cross-section  design,  expected  to  be  adequate 
to  meet  conditions  mile  after  mile,  through  cut  and  fill, 
uphill  and  down 

Former  Special  Features  Will  Become  Part  of  Regular 
Oesi(in.  fnder  the  increasing  truck  trafflc.  drainage  will 
have  to  be  considered  more  carefully,  moisture  content  of 
many  soils  In  many  locations  considered  allowable  under 
past  conditions  will  have  to  be  reduced  to  save  or  develop 
such  bearing  value  as  the  soil  may  have,  and  a  great  deal 
of  subgrade  will  have  to  be  reinforced  by  the  addition  of 
suitable  subbase  All  of  these  detoils.  considered  hereto 
fore  as  special  features,  will  become  the  features  ordinarily 
considered  In  careful  design  of  high  class  costly  pavements. 
A  foundation  and  wearing  course  coating  llfi.uuo  per  mile 
are  not  going  to  be  subjected  to  what  Is  now  known  to  be 
an  utterly  destructive  traffic  without  that  due  examination 
of  soli  conditions  and  adeijiiate  pn>vlsion  for  furnishing  a 
proper  support  in  the  natural  ground  that  will  save  the 
surface  and  foundation  from  destruction  at  a  reasonoble 
cost 
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Within   a   tew   montlis  there   has   appeared   an   article   in  Qi-rtnArn'A'        •*■*                  -f     C                       r\ 

one  of  the   engineering  journals   in   which   the   writer  said  ^lanQarUlZatlOIl     OI     ^CrCeil     UpGIl- 

that   the  day  of  open   stone   bases   was   past;    that  telford,  inrfc    it-»     Ti»-/^/4ii/-»<-t /-v»-«   /-»-f    Ti »-/^ It- /^ n 

field  stone,  V-drain.  etc.,  were  no  more  dependable  than  a  ^"S^    ^^    rrOQUCtlOn  OI    DFOKen 

firm,    well-compacted    earth    subgrade.      This    statement    in  StOUG    lOI"   R.Od.d   PuFDOSCS 

the  light  of  the  traffic  which  has  developed  in  the  last  six 

months  becomes  dailv  more  and  more  surprising.     An  earth  During  the  summer  of  1917  engineers  of  the  U.  S.  Bureau 

subgrade  can  be  kept  dry  only  when  capillarity  is  destroyed  °^  P"^"^  ^oads  made  a  survey  of  stone  quarries  m  certain 

or  its  range  in  distance  exceeded,  and  for  most  cases  the  sections  of  the  country  with  the  primary  object  of  obtain- 

latter  possibility  is  not  within  the  reach  of  road   designs.  '"^  data  relating  to  the  commercial  sizes  of  broken  stone, 

The  writer  is  more  and  more  convinced  that  the  older  types  ^'^'^h  would  enable  the  Bureau  to  recommend  a  minimum 

of   large   stone   foundation,   with   large   interstice.'.,   included  number  of  standard   sizes  necessary   for  the  various  types 

the  principles  which  will  be  foiind  of  greatest  effect  in  re-  "^  ^oads  m  which  broken  stone  is  used.     It  was  found  that, 

sisting  the  failure  of  subgrade  bearing  because  of  excessive  ^^''""n   ^   very   restricted   area,   revolving   screens,   with   as 

soil  moisture.     This  opinion  is  strengthened  bv  a  considera-  ™any    as    28    different    size    openings,    were    being   used   to 

tion  of  frost  action,  especially  in  the  spring,  when  alternate  Produce  stone  for  a  comparatively  few  types  of  roads.     As 

freezing  and  thawing  may  be  expected.  a  rule,  the  exact  size  of  product  for  any  one  type  of  road 

is  selected  by  the  individual  engineer  without  reference  to 

Design    of   V-Drains.— It   has   been   the   custom    in   recent  other    products    which    the    crushing    plant    may    be    called 

years  in  the  limestone  sections  of  Tennessee  and  Kentucky,  -jpon  to  supply,  also  without  reference  to  what  size  or  sizes 

when  it  became  necessary  to  rebuild  some  of  the  old  "pikes,"  the  engineer  himself   will   select   for  other  types  of   roads, 

to  salvage  the  telford,  crush  it,  and  place  it  back  as  ma-  Moreover,  great  lack  of  uniformity  in  the  method  of  speci- 

cadam.     In  one  case,  at  least,  this  was  done  on  first-class  fying  sizes  of  broken  stone  was  found  to  exist  so  that  the 

engineering  advice,  and  in  this  case  the  result  was  not  sat-  entire  subject  of  broken  stone  specifications   is  at   present 

isfactorv.     The  reason  for  failure  appears  to  have  been  due  in  an   almost  chaotic   condition. 

to  insufficient  drainage  of  the  base,  which  had  been  provided  ^^  ^  bulletin,  "Typical  Specifications  for  Non-Bituminous 

for  years  by  the  old  telford  and  was  most  carefully  closed  Materials,    prepared    by    Prevost    Hubbard,    Chemical    Engi- 

by  the  new   construction.     The  result   of  this   condition   is  "^'^'■'  ,^"^,  ^IT  t.    .    I           '    /i!.  l?'"S^  Eng^eer,   issued 

greatly  emphasized  by  severe  frosts.  ''^'^''^^'  ^\  ^"^^  \- 1  f  "'^^l"  °^  ^"'"l'  ^°f     '        ,  f  ^"f  °^" 

tions  for  sizes  of  broken  stone  are  based  upon  laboratory 

Some  designs  for  V-drain,  in  order  to  save  stone,  require  g„een  tests,  rather  than  upon  the  size  of  openings  in  the 

that  the  drain  be  carried  out  practically  to  0  depth  at  the  commercial    screen    which    produces    the    material.      Based 

extreme   edges,   so  that  the   stone   or   other   road   metal   is  ^poc  ^ata  secured  in  the  survey  mentioned  above  a  limited 

practically  without  drainage  at  those  points.  number    of    sizes    also    has    been    selected.     It    is    believed, 

In    northern    localities    difliculty    has    been    experienced  states    the    Bulletin,    that    for    the    commercial    production 

when  V-drains  of  this  design  have  been  used  with  the  edge?  of  each   size   sufficient   tolerance   has   been   allowed   in   the 

of  the  road  crust  heaving  in  the  spring.     This  is  probably  specifications    to    make    practicable    the    use    of    revolving 

due  to  the  freezing  of  accumulated  water  near  the  edges  of  screens  with  the  same  openings  as  the  maximum  and  mini- 

the  drain.    Such  water  will  accumulate  in  the  interstices  as  mum   laboratory   screens   specified   tor  that   size.     In   most 

a   result   of   shallow   thaws,   which   do   not   free   the   deeper  cases,     the     amount     passing    an     intermediate    laboratory 

areas  of  frost.     The  melted  snow  can  not  run  off  and  fills  screen   has   also  been   specified   with  limits    (from  25   to  75 

the  upper  layers  of  the  V-drain,  especially  near  the  edges,  per  cent)    sufficiently   wide   to   include   all  acceptable   com- 

until  the  voids  are  too  full  to  allow  expansion  on  freezing.  mercial    products    between    the    maximum    and    minimum 

The  result  is  that  during  succeeding  freezes  the  edges  of  size  but  reject  most  products  which  would  be  unacceptable, 

such  drains  will  heave.   The  remedy  is  to  increase  the  depth  The  different   size   broken   stone   products   which   may   be 

of  V-drain  at  the  edge  and  to  provide  drainage  close  to  the  used  satisfactorily  in  constructing  various  types  of  road  are 

surface  through  the  shoulder,  so  that  such  drains  will  cer-  given  in  Table  I.     It  will  be  seen  that  not  more  than  five 

tainly   clear  with   the   shallow   thaws   and   permit  water  to  different    size   openings    in   revolving    screens    are    required 

flow  freely  from  the  V-drain.     Experience  indicates  that  the  for  any   one   type.     In   order   to   meet   reasonable   working 

depth    of    V-drain,    in    addition    to    the    surfacing    material,  conditions,  a  general  tolerance  of  not  less  than  5  per  cent 

should  not  be  less  than    4  in.  at  the  edges  and  that  a  depth 

of  6  or  8  in.  is  better.  t\ble     I  —  reIjATION    of     commercial    revolving 

SCREENS    TO    LABORATORY    SCREEN    REQUIRE- 

Outlets  Should  Be  Provided.— Outlets  for  conducting  water  MENTS  FOR  BROKEN  STONE. 

away  from  the  V-drain  should  be  provided  at  all  low  points  'T":         2^1^  °'^  l"fn  ^"^"^S-ln      y  -in' 

in  the  grade.    These  outlets  may  consist  of  tile  running  from  T>T)e  of  road.                Per  cent  passing  laboratory  screen 

the  lowest  point  of  the  V  to  a  culvert  or  cross-drain,  or  of  water-bound-                                                   °^  same  size. 

ditches  filled  with  the  same  kind  of  material  as  that  com-  Bottom    course    35+        15—        ..^       

posing  the  V-drain  and  running  from  the  lowest  point  in  the  Screenings    '.'.'.'..'.'.'.'.'......   ....        95+       -^-^  40-s6 

V  to  any  lower  point  outside  of  the  road  where  they  may  ^^l^  ^^  ^^j,^  ^^^^^^^ 3^^  15_        

empty.  Screenings     95+         ....   40-SO 

TVin    „_„   _   •            ^»         1,                  J         «    .a            J.                 i-i  Cover  for  bituminous  surface  treatment: 

1  he  error  nas   otten  been  made  of  depending  on  tile  or  Coarse  chips   95+        l.'i — 

French  drain  to  remove  the  excessive  and  damaging  mois-  or                                                                                             ^ 

ture  from  soils  that  do  not  readily  give  up  their  contained  Bitumi'nous  macadarn: 

water.     While  tile  drains  for  agricultural  purposes  may  in  Bottom  course    95+        in—        ...^        

the  same  soils  be  entirely  satisfactory,  because  rapidity  of  chfps'^"".'^.^.''. .............. .  ...        -^..        95+        ....        ii— 

action    is    not    essential,    they    are    not    adequate    for    road  Screenings     •    —        95+        —  40-80 

j,„;„„„„                              ■  Bituminous  macadam: 

drainage.  Wearing  course   95+        15—        ^^ 

When  road  construction  is  approached  in  the  spirit  neces-  Bitu^/nous' concrete' 

sary  to  meet  the  conditions  cited  here,  the  result  will  be  a  One-size  stone 95+        —        15— 

series  of  cross-section  designs,  instead  of  a  single  design  to  Grade^dWtuminousconci-ete:' "^"^        ^~ 

meet  all  conditions,  much  more  general  use  of  subbase  and  Coarse  aggregate 95+        ....        lo— 

tile  drainage,  more  careful  consideration  of  the  material  of  Bitu*^!i'i'nous'concrete'(Topeka)": ^^^        ^'~ 

the  subgrade,  and  the  methods  used  in  finishing  it.     To  do  Broken   stone 95+        80— 

these  things  intelligently,  there  will  have  to  be  undertaken  ^^^Binler^s'tone                                                    95  + 

by  some  one  extensive  studies  of  existing  conditions.     These  Cement  concrete  pavement: 

are  matters  about  which  much  may  be  learned  by  a  close  ceiTient^concme^base- '^^        ^~ 

and  studied  observation  of  failure.  Coarse  aggregate' 95+        15— 
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r<*Lalned  on  the  maximum  acreen.  and  15  per  cent  I'aitiiInK 
the  minimum  acre«n.  haa  been  alluwed.  In  ih«  laae  of 
>.creeniUK».  whi-n  only  the  maximum  Kite  revuh  iuK  acreen 
would  be  required  ordinarily.  a«  the  product  would  Inilude 
dual  and  all  olli.-r  Hiualler  uittterial.  from  40  to  80  p«'r  <enl 
of  material  ia«!<lnK  the  "^  In  screen  I.-  si,eiined  The  only 
other  exception  Ih  the  broken  atone  for  Topeka  type  bliu- 
inmoua  concrete,  where  at  leaat  Jo  per  cent  of  material 
la  required   to   be  retulued  on  the   "^-In.  acreen. 

It  la  realized  that  Juat  a«  aatlafactory  roada  may  be  con- 
Kirucled  with  aizea  of  broken  atone  var.\lnK  considerably 
from  these  apeclllcatlona  It  |a  believed,  however,  that  tho 
airea  here  covered  repreaent  averuKe  priudce  and  they  are 
recommended  for  general  use  aa  a  iiie:ins  toward  atandurcl 
UInK  not  only  spedflcatlona  for  broken  atone  but  alao 
plant  practice  In  the  production  of  broken  stone  fur  hlsh- 
way    work. 


State    Fli^hway  Departments   to 
File   Road   and    Street   Pro- 
grams for   1919   by 
December  10 

ProKrams  for  next  years  road  and  street  work  must  be 
aubmltted  to  the  Inited  States  IllKhways  Council  by  the 
State  Highway  Departments  by  Dec.  10.  Instructions  and 
forms  for  compllinK  this  Injunction  were  sent  out  Sept.  20 
by  the  Council.  The  policy  of  the  Council  with  reference 
to  hifihway  and  street  work  during  the  war  was  detailed  In 
Kulletiu  No.  1,  un  db.«tract  of  which  appeared  In  the  Sept.  4 
issue  of  Engineering  and  Contracting.  The  Coimeil.  how- 
ever, has  recently  passed  a  minute  which  we  quote  from 
the  instructions  to  the  State  Highway  ofTicials  as  follows: 
"In  submitting  a  piogram  for  next  year's  work,  the  state 
highway  department  should  confine  Its  recommendations  to 
the  maintenance  of  such  roads  as  contribute  to  the  win- 
ning of  the  war.  Only  the  roads  most  urgently  needing 
construction  or  reconstruction  should  be  recommended,  as 
the  necessity  of  the  war  program  is  likely  to  i)reclude  the 
possibility   of  su<h   work  going   on." 

The  form  (H.  C.  4  reproduced  below)  sent  to  the  State 
Departments  Is  in  the  nature  of  a  summary  of  the  money, 
materials,  labor  and  transportation  required  for  each  class 
of  work.  A  separate  set  of  schedules  is  to  be  submitted  for 
state,  county,  township  and  municipal  work  respectively, 
thus  making  four  sets  of  schedules.  Each  of  these  classes 
Is  to  be  divided  Into:  Construction,  reconstruction  and 
maintenance,  respectively.  The  council  requests  that  a 
fourth  class  be  added,  to  be  known  as  resurfacing.  The 
net  result  will  be  the  submission  of  sixteen  schedules: 
Pour  for  state  work,  four  for  county  work,  four  for  town- 
ship work,  and  four  for  municipal  work,  if  each  class  In- 
volves construction,  reconstruction,  resurfacing,  and  main- 
tenance. 

Korm  HC-4  Is  not  designed  for  sending  out  to  subdivi- 
sions of  the  state,  but  Is  In  the  nature  of  a  summary  of  the 
returns  made  by  the  counties,  townships  and  municipalities 
!<>  the  state  highway  department  In  order  to  obtain  the 
^  rriiatlon  from  the  subdivisions  of  the  state.  It  will  be 
ary  for  the  Highway  Departments  to  send  out  a 
..'.iii|.>  form. 
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able   type   or   types   to   be   aelectcd.  and    the 
selection.     It  la  underatood,  of  courae.  that 
to   have   detailed    lnformatir<n    a\:i(t;iM.     r,r 
'luthorlzallon  or   financial    .i 
l;<l>i   pr(Occls   thJH  far   In 
contemplated   that    the   pn.j 
sentlni!    the    approximate    iiiti-uiion    i 
(•use  the   projects   meet    with    favor. 

So  far  as  city  work  la  concerned,  It  would  bo  Imprac- 
ticable to  show  Its  location  on  a  state  map  and  in  auch 
cases  If  a  city  map  la  available  It  would  be  desirable  if 
the  city  map  and  a  achedule  similar  to  the  one  above  de 
scribed  could  be  submitted  These  maps  and  schedules, 
together  with  the  forma  HC-4  summarizing  the  needs  of 
the  state,  counties,  cities,  and  townships  would  afford  the 
Council  much  useful  Information  in  outlining  policies  for 
next  vcar 


Reserving  and  Planting  Roadside 
Trees 

The  following  notes  on  roadside  trees  are  abstracted  from 
un  address  delivered  at  the  5th  Road  Institute  at  the  Univer- 
sity of  .North  Carolina,  by  J.  S.  Holmes,  Sute  Forester  of 
North   Carolina: 

There  are  two  ways  of  securing  roadside  trees:  reserv- 
ing and  planting.  Instead  of  cutting  down  all  the  brush 
and  young  growth  along  the  sides  of  the  road,  here  and 
there  thrifty  young  trees  of  suitable  species  can  be  re- 
.'^erved  for  future  shade  trees.  In  making  such  reserva- 
tion, suitable  kinds  and  properly  shaped  thrifty  individuals 
should  be  selected.  Most  of  the  oaks,  ashes,  and  elms  make 
good  roadside  trees,  as  do  also  the  beech,  hackberry,  linn, 
sycamore,  sweet-gum,  sugar  maple,  and  yellow  poplar 
Such  nut  trees  as  black  walnut,  pecan,  and  shellbark  hick- 
ory make  beautiful  as  well  as  very  useful  shade  trees. 
Conifers  and  other  evergreen  trees  are  not  generally  rec- 
ommended for  roadside  trees,  because  the  winter  sun  Is 
wanted  on  nearly  all  roads. 

The  position  of  the  trees  must  also  be  taken  Into  consid- 
eration. It  is  usually  better  to  have  them  well  back  from 
the  edge  of  the  road,  especially  If  nut  trees  are  used,  and 
not  too  near  together.  From  40  to  60  ft.  apart  is  close 
enough  for  larger  native  trees.  The  tops  of  these  trees 
should  never  be  cut  back,  but  the  lower  branches  may  be 
trimmed  off:  they  may  be  thus  encouraged  to  branch  well 
above  the  line  of  vision  of  the  traveler. 

In  planting  roadside  trees  a  greater  selection  of  species 
and  position  Is  possible.  Some  trees  of  foreign  origin  have 
points  of  advantage  and  may  te  used  in  certain  cases.  The 
ginkgo  and  larch  are  taper  pointed  and  tenil  to  throw  shade 
only  Immediately  under  them;  while  the  lombardy  poplar 
with  Its  perpendicular  branches  makes  almost  no  shade  at 
all,  and  yot  very  pleasantly  breaks  the  monotony  of  a  level 
landscape. 

CONSTRLCTION    FOR    CALENDAR    YBAR,    l»lf. 
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Purely  ornamental  trees  c.">n  be  reserved  or  planted  in 
many  places  to  advantage,  especially  along  straight  reaches 
of  road  where  they  will  not  interfere  with  seeing  across 
corners  or  curves.  Dogwood  and  sourwood  are  our  most 
ornamental  roadside  trees,  and  can  be  found  for  reservation 
almost  everywhere,  while  crab  apple  and  wild  cherry  are 
desirable  where  the  tent  caterpillars  can  be  kept  out  of 
them.  In  addition  to  these,  the  crape  myrtle  and  many  of 
our  larger  shrubs  should  be  much  more  extensively  planted 
for  beautifying  our  roadsides. 

In  planting  native  trees,  wild  stock  can  usually  be  se- 
cured. Small  trees  are  more  likely  to  succeed  than  large 
ones;  trees  6  to  10  ft.  high  and  1  to  2  ins.  in  diameter  are 
a  good  size  for  this  purpose.  Plants  growing  in  the  open 
are  usually  thriftier  and  of  a  better  shape  than  those  in  the 
shade  of  the  woods,  and  should  be  selected.  Top-pruning 
is  rarely  advisable,  but  the  side  twigs  should  be  cut  back  to 
balance  the  unavoidable  root  pruning. 

Planted  trees  should  be  protected  from  stray  stock  and 
children  by  stakes  or,  by  what  is  still  better,  a  guard  made 
of  cross  slats  nailed  onto  stakes.  I'hey  should  be  thor- 
oughly watered  two  or  three  times  during  the  driest  sea- 
sons through  the  following  summer.  No  subsequent  prun- 
ing will  be  necessary  for  many  years  unless  the  branches 
become  broken  by  sleet,  wind,  or  other  accident. 

The  greatest  menace  to  roadside  trees  is  from  telephone, 
telegraph  and  transmission  lines.  In  many  States  they  are 
protected  by   law   from  mutilation   by   such   corporations. 

Roadside  trees,  like  those  in  the  forest,  orchard,  or  park, 
should  be  protected  from  fire  and  insects.  Brush  should 
be  burned  at  a  safe  distance  from  them,  and  only  when 
there  is  no  danger  of  the  fire  spreading.  Tent  caterpillars 
are  the  most  destructive  and  unsightly  insects.  With  a 
little  trouble  they  can  be  pulled  out  and  killed  in  a  bucket 
part  full  of  water,  with  a  little  kerosene  on  the  top, 
or  the  webs  can  be  burned  in  the  tree. 


Automatic  Dump  Body  for  Small 
Trucks 

An  automatic  dump  body  designed  for  attachment  to  a 
Ford  1-ton  truck  is  shown  In  the  accompanying  illustration. 
The  dumping  is  accomplished  simply  by  releasing  the  latch. 
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frame.  In  this  manner  all  the  strain  of  eccentric^  loading  is 
relieved  from  the  attaching  U-bolts.  It  is  possible  to  arrest 
the  body  movement  at  any  angle  and  hold  it  there.  In  the 
same  manner  also  may  the  body  be  so  retarded  that  the 
final  dump  is  accomplished  easily  and  without  excessive 
strain  to  any  of  the  parts.  In  connection  with  this  feature 
road  material,  such  as  crushed  rock,  gravel,  cinders,  etc., 
can  be  spread  by  holding  the  body  at  the  proper  angle  and 
opening  the  tail  gate  at  that  point.  A  device  attachable  to 
the  tail  gate  can  limit  this  opening  so  that  only  a  certain 
thickness  of  material  will  pass  out  the  gate.  The  body  is 
manufactured  by  the  Anthony  Co.,  Inc.,  Streator,  III. 


Automatic  Dump  Body  Attached  to  1-Ton  Truck, 
the  body  being  instantly  restored  to  the  horizontal  position 
upon  disposal  o  fthe  load.  This  accomplished  by  the  use  of 
cams  on  inverted  V-shaped  racks,  which  are  fastened  to  the 
chassis  by  bolts  passing  through  the  standard  holes  in  the 
rear  cross  member  of  the  chassis.  At  the  front  they  are 
located  on  brackets  which  are  in  turn  fastened  to  chassis 
frame  by  means  of  U-bolts.  The  eccentric  load  devolving 
upon  these  brackets  is  taken  care  of  by  means  of  a  rod 
which  fastens  both   brackets   together  at   points   above  the 


Industrial  Notes 

Links  Up  With  Lake  wood. 

Pavne    G.    West    has    been    appointed    assistant    manager    of 

field    sales    for    the    Lake  wood    Engineering    Co.,    Cleveland.     Mr. 

West    is   a   graduate   of   Carroll    College,    class    of   1901.     He    later 

studied  civil  engineering  for  two  years  at  the  University  of  Wis- 
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Payne   G.   West. 

consin.  In  1907  he  became  associated  with  The  T.  L.  Smith  Co. 
of  Milwaukee.  During  eleven  years  with  this  firm — most  of 
which  he  was  assistant  sales  manager — Mr.  West  thoroughly 
familiarized  himself  with  all  branches  of  the  machinery  field  as 
well  as   with   factory  production   methods. 
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Personals 

Bart  Moore  of  the  McCall-Moore  Engineering  Co.,  Waco, 
Texas,   has  entered  the  engineering  corps  of  the  Army. 

Edgar  M.  Hoopes.  Jr.,  formerly  city  engineer  of  Wilmington, 
Ilel.,  iias  been  commissioned  captain  in  a  Quartermasters  Corps, 
U.   S.   A. 

J.  F.  Witt,  county  engineer  of  Dallas  County,  Dallas,  Texas, 
has  been  appointed  regional  chairman  of  the  National  Highways 
Transport  Committee. 

W.  H.  Johnson,  formerly  engineer  of  the  California  State 
Highway  Commission,  has  been  commissioned  as  a  first  lieu- 
tenant in  the  Engineers  Corps.   U.  S.   A. 

Maj.  Joseph  W.  Shirley,  chief  engineer  of  the  Topographical 
Survey  Division  of  Baltimore.  Md.,  has  been  appointed  chairman 
of  the  Annex  Planning  Commission  of  this  city. 

Frank  L.  Bennett,  Commissioner  of  Public  Works  of  Chicago, 
has  been  appointed  director  of  the  State  Department  of  Public 
Works,  to  succeed  the  late  Judge  Leslie  D.   Puterbaugh. 

Paul  Sullivan,  assistant  city  engineer  of  Cincinnati,  Ohio,  in 
charge  of  the  Street  and  Sewer  Repair  District  Division,  has 
been  commissioned  a  first  lieutenant  in  the  Engineer  Corps. 

William  P.  Danford.  assistant  state  engineer  with  the  State  of 
Oklahoma,  has  received  a  commission  as  first  lieutenant  in  the 
Engineers  Corps  and  reported  at  Camp  Humphreys,  Va.,  on 
Sept.  IS. 

Due  to  the  fact  that  both  Maj.  G.  R.  Solomon  and  P.  H.  Nor- 
cross  are  in  Washington  on  war  work,  the  Atlanta.  Ga.,  offices 
of  the  Solomon-Norcross  Co.,  Consulting  Engineers,  will  be  closed 
for  the  duration  of  the  war. 

C.  A.  Dykstra,  formerly  of  Ohio  State  University,  has  re- 
signed as  head  of  the  political  science  department  of  the  Uni- 
versity of  Kansas  to  become  head  of  the  Civic  League  of  Cleve- 
land. He  will  succeed  Mayo  Fesler,  who  takes  charge  of  the 
Brooklyn  Chamber  of  Commerce. 

A.  C.  McKibbin,  who  has  served  as  secretary  of  the  State 
Highway  Board,  of  Missouri,  since  its  organization  in  March, 
1917,  retires  as  secretary  on  Sept.  20.  He  retains  his  position  as 
a  member  of  the  State  Highway  Board,  having  been  appointed 
by  Governor  Gardner  for  a  term  of  4  years.  Mr.  McKibbin  will 
devote  practically  all  his  time  to  the  development  of  the  High- 
ways Transport  Committee  of  the  Missouri  Council  of  Defense, 
and  the  Capital  Highways  Association  which  is  working  for  the 
improvement  of  a  s.vsteni  of  roads  radiating  from  the  state  ciipi- 
tal.  OflSces  for  the  organization  have  been  opened  in  the  Cen- 
tral Trust  Building.  Jefferson  City,  Mo. 
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The  Opposition  of  Certain  Labor 

Unions  to  Women  Workers; 

How  Can  It  Be  Overcome? 

Vi'.-tiTdav  \vf  r<-ail  lluii  ilif  ciHiiitry  ali<-;nl.v  laik.s  more 
than  a  million  workers  and  that  ihe  new  draft.s  will  in- 
rrfa.-.p  tlie  dftirinnc> .  Today  we  read  that  .special  repre- 
sentallvcs  of  the  Department  of  Labor  ordered  the  200 
women  street  car  conductors  In  Cleveland  to  give  up  their 
Jobs  br>ra!i.<ie  "The  investigators  found  that  the  labor  situ- 
a'lon  in  Pleveland  doe.s  not  demand  the  employment  of 
women  because  of  the  shortaije  of  man  power."  This  is 
a  .sample  nf  the  <.'.ovemnient  inconsistency  in  labor  mat- 
ters that  has  irritated  thinking  men  ever  since  the  war 
treated  an  abnormal  demand  for  labor.  Now,  everyone 
knows  that  the  real  "because"  in  the  "reason"  for  dis- 
charging ;he  200  women  conductors  was  not  the  "because" 
given  b.v  the  Federal  labor  InvestiRators.  Henry  H.  Diel- 
niann  and  Miss  .Margaret  Russanowska.  The  real  "be- 
fjttise"  was  the  threat  of  2,500  men  conductors  to  strike 
unless   the   women   conductors   were   "canned." 

Suppose  It  actually  were  a  fact  that  there  Is  no  short- 
age of  manpower  In  ("leveland.  What  has  that  to  do  with 
the  problem,  anyway?  The  real  question  is  whether  there 
Is  n  fliortaKe  of  manpower  on  the  farms,  in  the  factories 
and  mills,  on  construction  work— not  In  Cleveland  but  any- 
where  In   America. 

If  the  Federal  Government  can  not  send  better  labor 
InvestlKators  than  Mr  DIelmnnn  and  Miss  Itussanowska 
on  su''h  problems  as  that  In  Cleveland,  we  shall  continue 
10  have  a  nhort.ige  of  manpower  althoUKh  there  Is  no 
necessity  for  It.  We  shall  soon  have  G.OOtl.OdO  men  under 
arms.  There  are  twice  that  number  of  wonn-n  available 
10  take  their  places  If  need  be,  but  as  a  niatler  of  fact  It 
has  been  shown  that  most  of  Ihe  positions  held  by  men 
can  bo  tilled  equally  well  by  women.  In  Kngland  36  per 
cent  of  Ihe  employe*  In  (Jovemment  establishments,  not 
Including     controlled     establishments     engaged     In     muni- 
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lions  works,  are  women,  and  the  percentage  Is  steadily 
rising. 

Charles  U.  Carpenter,  Vice-President  of  the  Recorxling 
and  Computing  Machine  Co.,  states  that  5,000  of  his  com- 
pany's 8.600  employes  are  women.  Practically  all  the 
mechanical  operations  and  ussembiing  are  performed  by 
women.     He  says: 

Wf  have  dvinonstratrd  that  strong.  h«althy  women  can  do 
work  re<iulrini;  irrvat  pr.cWcn  afl.  r  ll..>  ,,r.  !li.>r..iik-hly  trained 
quite    as   well    as   skill-  i  .,n    hand 

turret  screw  machines.  pr«asea. 

thread    millers,    punch    1  Mne«  of 

nil  lypeji.  They  arc  r.  11  ...  k.ill..  .  ill.  1.  ,.t  .i_-t  iK.-tcclora.  We 
have    also    tuUKht    them    to    he    excellent    u>o\    makers. 

With  proper  teaching  there  is  apparently  nothing  that 
women  can  not  do,  except  where  great  physical  strength 
and  endurance  are  required,  and  they  often  excel  the  men 
they   have  replaced. 

The  war  has  taught  women  a  lesson  they  will  never 
forget,  and  many  of  them  will  hereafter  refuse  to  live 
up  to  the  man-made  Ideal  expressed  in  the  old  maxim  that 
"a  woman's  place  is  in  the  home."  Ljibor  unions  have  al- 
ways opposed  the  entry  of  women  into  occupations  re- 
garded bv  men  as  men's  especial  province.  They  acted 
on  the  hypothesis  that  the  number  of  jobs  (s  itmlted 
and    the    number   of  Job   seeker.-^  ',.• 

number   of   Jobs.     This    Is    true    \  :i 

classes  of  work   prior   to   any    ri-.i.  ;    .>■ 

ductivity.  But  It  is  not  true  when  rur.reute  la  lidd  to  the 
entire  productivity  of  all  workers,  properly  distributed. 
The  output  of  5,000,000  additional  women  workers  will 
constitute  no  menace  to  the  5.000.000  soldiers  upon  their 
return  from  the  war,  provided  steps  are  taken  to  secure 
new  work  for  them.  So  long  as  n  large  part  of  mankind 
still  liinKs  for  luxuries  not  yet  available.  Just  so  long  will 
th«>re   be   fields   opt  n   for  more   workers. 

Consider,  for  a  moment,  what  la  still  dt>slrcd  by  Amer- 
icans' Heller  clothes,  better  homes,  larger  and  belter 
playgrounds  for  adults  as  well  as  for  children,  better  roads 
and  streets,  better  public  buildings,  belter  education,  etc.. 
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etc. — and  more  leisure  for  recreation  and  enjoyment. 
Now  all  this,  even  to  the  added  leisure  hours,  is  to  be  pur- 
chased in  but  one  way,  namely,  by  the  larger  hourly  pro- 
ductivity of  our  people.  We  say  "hourly,"  rather  than 
"daily,"  in  order  to  emphasize  our  ultimate  aim,  namely, 
a  shorter  working  day.  It  is  feasible  to  do  in  6  hours 
what  now  requires  8  for  the  average  worker  and  with- 
out any  great  increase  in  the  Investment  in  plant  and 
tools.  Every  man  experienced  in  applying  the  science  of 
mana.gement  has  proved  this  fact  again  and  again.  Mr. 
Carpenter,  who  was  quoted  above,  joins  in  the  unanimous 
verdict  of  scientific  managers,  when  he  says: 

The  production  man  can  soon  learn  that  in  the  average 
shop  the  actual  output  can,  by  simple,  common,  horse  sense 
methods,  be  increased  from  30  to  50  per  cent  and  surely  such 
results  are  enough  worth  while  to  Justify  careful  study  and  de- 
velopments of  method. 

Standing  in  the  way  of  progress  we  find,  not  only  gen- 
eral ignorance,  but  a  special  kind  of  ignorance  as  well, 
namely,  the  ignorance  of  many  labor  union  men  who  op- 
pose the  employment  of  women  on  the  ground  that  the 
women  are  depriving  men  of  a  means  of  livelihood.  The 
obvious  remedy  for  this  social  ill  is  education  in  the  prin- 
ciples of  political  economy.  It  devolves  upon  all  engi- 
neers and  other  men  trained  in  economics  to  spend  a  por- 
tion of  their  time  in  dispelling  economic  illusions,  which, 
ghost-like  haunt  the  paths  of  progress  and  frighten  the 
uneducated    masses. 


An  Annual   Ignorance  Tax  of  a 
Quarter  of  a  Billion  Dollars  on 
Fuel  Alone ;  What  Should 
Engineers  Do  to  Elim- 
inate It? 

Not  long  ago  the  writer  was  in  a  large  bank  building 
that  was  illuminated  with  old-fashioned  "gem"  electric 
lamps.  He  asked  the  vice-president  whether  he  realized 
that  the  bank  was  using  more  than  three  times  as  much 
current  as  necessary.  The  vice-president  replied  that  he 
knew  that  the  old  type  of  lamps  was  not  efficient,  but 
that  the  bank  generated  its  current  and  therefore  could 
not  save  much  money  by  using  a  more  efficient  lamp!  The 
evident  fact  was  that  while  he  knew  that  the  "gem"  type 
of  incandescent  lamp  was  inefficient,  he  had  not  known 
how  exceedingly  inefficient  it  was.  If  a  man  so  intelli- 
gent and  well  read  was  thus  ignorant  about  lighting  eco- 
nomics, what  is  to  be  expected  of  the  average  user  of 
electricity? 

But,  it  may  be  asked,  how  has  it  happened  that  the 
public  has  not  been  better  educated  as  to  electric  light 
economics?  Have  none  of  the  manufacturers  of  electric 
lamps  given  adequate  publicity  to  the  efficiency  of  the 
newest  lamps?  Curiously  enough  the  modern  "tungsten 
filament"  lamp,  and  its  still  more  recent  development, 
"the  nitrogen  or  gas  filled  electric  lamp,"  have  not  been 
sufficiently  well  advertised.  When  the  "tungsten" 
(Mazda)  lamp  was  invented  some  years  ago,  the  manu- 
facturers were  not  able  to  secure  the  co-operation  of  the 
electric  companies,  because  the  latter  were  naturally  not 
eager  to  introduce  a  type  of  lamp  that  would  give  the 
same  candle  power  as  the  old  carbon  "gem"  lamp  by  the 
consumption  of  only  40  per  cent  as  much  electric  current. 
Electric  companies  realized  that  public  service  commis- 
sions might  not  be  easily  induced  to  grant  an  increase  in 
electric  rates  because  of  a  reduced  consumption  of  current, 
so  the  companies  preferred  to  keep  silent  about  the  new 
tungsten  lamp  and  let  their  customers  use  the  old  "gem" 
lamps.  Gradually,  however,  the  manufacturers  of  "tung- 
sten" lamps  began  to  induce  the  public  to  try  the  new 
lamp;  but  at  no  time  was  the  new  type  of  lamp  "pushed" 
as  vigorously  as  it  would  have  been  "pushed"  had  the 
manufacturers  had  the  whole-hearted  support  of  the  com- 
panies. 

This    uneconomic    situation    arose    because    of    the    con- 


flicting interests  of  the  electric  companies  and  the  public, 
the  conflict  being  accentuated  by  the  existence  of  public 
service  commissions  that  were  addicted  to  cutting  electric 
rates  because  they  wanted  public  applause.  There  was 
not  a  single  public  service  commission  in  all  America 
farsighted  and  brave  enough  to  force  the  public  to  adopt 
the  new  type  of  electric  lamp  and  at  the  same  time  give 
the  electric  companies  an  increase  in  kilowatt  hour  rates. 
For  more  than  a  decade  a  large  percentage  of  users 
of  electric  lamps  have  failed  to  install  "tungsten"  lamps, 
mainly  because  they  were  ignorant  of  the  merits  of  this 
type  of  lamp.  It  has  remained  for  the  U.  S.  Fuel  Ad- 
ministration to  accomplish  what  should  have  been  done 
10  years  ago.  The  Fuel  Administration  has  announced  that 
on  Aug.  28  the  incandescent  lamp  manufacturers  "vol- 
untarily agreed  to  abandon  the  manufacture  of  certain 
types  of  the  inefficient  carbon  filament  lamp  in  accord- 
ance with  the  program  which  practically  calls  for  the  dis- 
continuance of  their  manufacture  and  sale."  The  official 
statement   adds: 

"The  importance  of  this  radical  step  may  be  judged  from 
the  fact  that  the  program  as  formally  adopted  at  yester- 
day's meeting  will  mean  the  saving  of  more  than  1,000,000 
tons    of    coal." 

If  a  million  tons  of  coal,  worth  $4,000,000,  will  be  saved 
annually  by  the  elimination  of  carbon  filament  lamps, 
which  now  comprise  about  15  per  cent  of  the  total,  it  is 
evident  that  fully  a  hundred  million  dollars'  worth. of  coal 
have  been  wasted  since  the  "tungsten"  lamp  was  in- 
vented! 

In  the  Aug.  21  issue  of  Engineering  and  Contracting  it 
was  shown  that  the  introduction  of  the  "skip  stop"  plan 
of  operating  street  cars  will  save  1,500,000  tons  of  coal 
annually,  or  $6,000,000.  This  plan  has  long  been  known 
to  engineers,  having  been  in  successful  operation  in  Kan- 
sas City  for  seven  years.  Yet  here  again  it  remained  for 
a  Federal  board,  acting  under  a  war  emergency,  to  force 
the  general  adoption  of  a  plan  that  is  highly  economic. 
Last  spring  the  U.  S.  Chamber  of  Commerce  presented 
to  Congress  statistics  showing  that  fully  800,000  tons  of 
coal  could  be  saved  in  electric  and  gas  lighting  by  setting 
all  clocks  forward  an  hour,  between  April  1  and  Oct.  31. 
If  this  "daylight  saving"  plan  were  extended  throughout 
the  year,  more  than  a  million  tons  of  coal  could  be  saved 
annually. 

We  have  cited  these  Ihree  plans  of  fuel  saving  because 
they  have  all  been  put  into  partial  if  not  complete  effect. 
Important  as  these  three  means  of  saving  coal  are,  they 
are  small  indeed  compared  with  other  available  means. 
Of  the  120,000,000  tons  of  coal  annually  used  for  domestic 
heating,  fully  20  per  cent  can  be  readily  saved  by  slight 
improvements  in  apparatus  and  methods.  Of  the  250,- 
000,000  tons  used  for  steam  power,  mechanical  engineers 
estimate  that  10  per  cent  can  be  saved  simply  by  scien- 
tific firing.  The  railways  use  another  120,000,000  tons  in 
a  most  extravagant  manner,  for  both  the  locomotives  and 
the  methods  of  firing  are  far  below  what  has  been  demon- 
trated  again  and  again  to  be  an  easily  attainable  standard 
of  efficiency.  Other  industrials  and  steam  ships  consume 
110,000,000  tons  annually.  Of  the  600,000,000  annual  total, 
it  is  a  conservative  engineering  estimate  that  10  per  cent 
can  be  saved  by  the  application  of  economic  methods  and 
with  scarcely  any  change  in  apparatus  or  machinery. 
Hence  Americans  are  row  paying  an  ignorance  tax  amount- 
ing to  a  quarter  of  a  billion  dollars  annually,  merely  be- 
cause engineers  who  know  how  to  effect  this  saving  in 
coal  have  no  authority  to  make  their  knowledge  effective. 
This  huge  sum  is  Itself  small  beside  other  wastes  pre- 
ventable through  the  application  of  engineering  knowledge. 
Typical  t'f  the  wasteful  influence  of  general  ignorance, 
take  the  waste  of  water  by  cities  because  of  failure  to 
meter  all  consumers.  Any  experienced  hydraulic  engi- 
neer will  tell  the  public  that  there  are  few  cities  that  are 
not  wasting  fully  one-third  of  the  water.  Not  only  does  this 
mean  a  waste  of  one-third  the  coal  used  in  pumping  the 
water,  but  a  waste  in  capital  invested  in  pumps,  reser- 
voirs,   filters    and    pipes.      Yet    the    average    city    remains 
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(leaf  a'ul  bllod  to  the  advire  of  enclneerlne  ex|H>rtM  an  to 
nieieritiK  ihi-   water. 

Now  'hal  we  ha-e  had  a  ta.tie  of  what  the  Ku»l  Adniin- 
Ulmtion  ban  a<-roiuplii>hed,  may  we  nut  hope  fur  uiuch 
mure  of  the  .same  diet.  Muy  we  iiul  look  in  nee  uiir  pub- 
lic iier\lce  I'uniml.'tSionH  take  the  Ifimon  to  heart?  Why. 
for  exampl'v  -ImuUl  not  every  public  »ervlce  (.'umnil:<)<lon 
order  the  unlvfrnnl  inxtalladon  of  water  meters  wherevi-r 
water  in  puiii|M-d?  When  licnorant  city  councllii  fall  to 
take  the  ne<e».«ary  action  to  secure  economy,  some  hlsber 
authority  Hhould  compel  the  adoption  of  economic  methodx. 

Kiiginecrlne  socletU-s  can  do  no  Krcater  public  xervlce 
than  'o  B'^sisi  in  so  revi.-<iiig  laws  a.t  to  make  permanent 
the  temporary  economics  that  the  Fuel  Administration  Ir 
eflectlnR.  and  In  sreatly  extendlnR  the  field  of  compulsory 
Introduction  of  economic  methods  and  devices.  It  will  not 
KUlllce  hereafter  for  enRlneers  merely  to  know  what  should 
be  done  and  to  wall  until  their  advice  is  souKht.  They 
niu."!  be  militant  in  spreadinK  their  knowledse  and  In 
for'-ing  the  adoplloii  of  plans  that  are  demonstrably  eco- 
noniii- 


A   Handbook   of  Mechanical  and 
Electrical  Ciost   Data,  (Contain- 
ing  Much  Matter  of  \'alue 
to  Civil  Engineers  and 
(Contractors 

Thirteen  years  ago  the  "Handbook  of  Cost  Uata  for  Civil 
Engineers  and  Contractors."  by  Halbert  P.  Gtllette,  was 
published.  A  companion  volume,  entitled  "Handbook  of 
Mechanical  and  Kl»>'-trical  Cost  iJata,"  by  Halbert  V.  Gil- 
lette and  rtichard  T.  Uana,  has  Just  been  published  by  the 
Mct;rawHill  Book  Co..  Inc.,  239  West  39th  St.,  New  York 
City.  The  book  contains  1,750  pages,  handbook  size  and 
flexible   bindinfi;,  and   the  price  is  $6. 

This  new  handbook  fills  a  gap  in  cost  data  literature, 
covering  as  it  does  the  entire  field  of  mechanical  and 
electrical  engineering.  Civil  engineers  and  contractors 
who  have  anything  to  do  with  power,  whether  on  a  large 
or  small  scale,  with  lighting,  heating,  pumping,  convey- 
ing, hoisting,  etc.,  etc.,  will  find  a  j;real  deal  in  this 
book  to  aid  them  not  merely  in  estimating  first  costs,  in- 
stallation costs,  operating  expenses,  repairs,  depreciation, 
etc.,  but  In  the  selection  of  the  most  economic  plant  unit 
or  in  designing  the  most  economic  plant. 

The  data  In  the  book  are  so  presented,  for  the  most 
part,  that  substitutions  of  local  wages  for  those  given  en- 
able anyone  to  apply  the  data  to  his  own  conditions. 
Shipping  weights,  sizes,  capacities  and  net  prices  (f.o.b. 
factory)  of  nearly  all  standard  machines  (boilers,  engines, 
pumps,  motors,  generators,  transformers,  etc.),  are  given 
In  great  detail.  The  general  scope  of  the  field  covered 
In  the  1.750  pages  is  indicated  by  the  following  list  of 
chapters: 

1.  General   Kconomlc  Principles. 

2.  Depreciation,  Repairs  and  Renewals. 

3.  Ilulldings. 

4.  chlmnt'ys. 

G.  Moving  and   Installing. 

6.  Fuel  and   Coal   Handling. 

7.  Steam  Power. 

8.  Internal    ('imibusiion    Kngine.-    and    Gas    Producers. 

9.  Hydro-Kleclric   Plants. 

10.  First   Cost  and  Operating   Kxpenses  of  Complete   Elec- 
tric  Light   and    Power   Plants. 

11.  Overhead   KlectrlrnI   Transmission   and   Distribution. 

12.  I'ndersround   F.lertrlcal  Transmission  and   Distribution. 

13.  Lighting  and  Wiring. 

U.  Ilelts.  Shafts  and  Motor  Drives. 
15.  Compressed  Air. 
16    Ga.s   Plants 

17.  Pumps   and   Pumping. 

18.  Conveyors,   Hoists,  Cranes  and   Elevators. 


19    Healing.    Cooklnf,    Ventilating,    Refrigerating    and    lc« 

Making. 
2<t    Electric   Railways. 
::i.   Miscellaneous. 

The  Or  '  two  chapters  (145  pages)  consiifuu-  .,  b.^.k 
'"    '  •'"   the   principles  of   engineenr 

''  •  i>anlon    rliapter*    to    the    firs' 

l'"K'  !•••.■)  Handbook  of  Cost  Uata.     I. >,  ,,..^e 

l'6o  pages  cunstltui*  •  Very  complete  discuaslon  of  eco- 
nomic principles. 

The  authors  of  this  new  book    ■  r;i 

civil,   niecliaiiical   .md   electrical    i  ■ 

but,  as  stated  In  their  preface,  tin  ,1 

records  extensively.  Their  appriii.-al.-.  uf  ii4-.UR  and 
steam  railways  and  public  utilities  total  te.'iU.uou.iKio.  and 
this  appraisal  work  has  enabled  them  to  secure  and  ar- 
range systematically  a  great  mass  of  cost  data. 

Dana's  "Handbook  of  Construction  Plant  and  its  Cost" 
("no  pages).  Gillette's  "Handbook  of  Cost  Data  for  Civil 
Engineers  and  Contractors"  (l,85ii  pages),  and  Gillette 
and  Dana's  "Handbook  of  Mechanical  and  Electrical  Cost 
Data"  (1,750  pages)  have  been  so  written  as  not  to  over- 
lap. Their  combined  4.300  pages  constitute  a  very  com- 
prehensive collection  of  economic  data  for  engineers.  Not 
the  least  useful  to  men  in  the  civil  engineering  field  Is 
this    latest    addition    to   the   cost    data    croup   of   handbooks. 


A  Great   Blunder  Made   in    Esti- 
mating the  Cost  of  Carrying 
Magazines  and    News- 
papers   by    Mail 

The  shortsighted,  oelfishness  of  most  of  the  daily  papers 
caused  them  to  refrain  from  editorial  comment  on  the  zone 
postal  law,  except  in  few  instances.  They  reasoned  that  the 
law  would  reduce  the  circulation  of  the  general  magazines 
and  that  consequently  the  daily  papers  would  profit.  But 
those  very  newspapers  are  likely  to  learn  that  there  Is  no 
exception  to  the  rule  that  every  uneconomic  public  policy 
eventually  reaches  all  pocketbooks  and  takes  its  toll. 

General  and  "trade"  magazines  have  been  the  greatest  of 
educators.  They  have  taught  people  to  read  advertise- 
ments as  well  as  articles  for  the  purpose  of  information.  It 
can  not  be  denied  that  prior  to  the  advent  of  low-priced 
magazines,  newspaper  subscribers  and  advertisers  were  far 
less  numerous  per  1,000  of  population  than  they  are  today. 
Magazines  have  not  only  increased  the  number  of  readers 
for  themselves,  but  have.  Incidentally,  increased  the  num- 
ber for  the  newspapers:  because  once  a  man  has  become 
habituated  to  read,  he  tends  to  seek  information  from  every 
kind  of  printed  source.  All  this,  however,  has  evidently 
been  lost  upon  the  daily   press. 

There  are  a  few  noteworthy  exceptions.  The  morning 
edition  of  the  Kansas  City  Star  says: 

To  give  iin  ldf»  of  tin-  tiunl.'ii  liniH«s<><l  by  the  new  rmtca.  It 
may  lie  said  that  the  ixislage  on  Th<-  Star  from  K;iri».i->  iNtv 
to    New    York,    which    has   l>e»n   iipprDxlinali-ly    i;  t  I 

r.-iirli  $16. SO.     Such  n  rate  Is  viriuullv  prohll.lllv.- 
to    thr    poopip   of    N>w    York    uii'l    K.iil>.i-    '"tv  r 

city;    "You    must    not    rrad    each    ott-.. 

This    Is   a    matter   of   no    Iniiwrtw!  TTje 

Urge,    compact     circulation     Is     thr     i  Tin- 

distant   Bubwrlber  Is  of  no  commi>m»l   \i4iuv   lu   ■  • 

It    Is    of    Importancr    to    lh«    country    ««    a    who., 
rradlni;  Hhould  olrculato  widely  and  that  |>eople  In  ..     ?  « 

nhould  bv  able  to  keep  In  touch  with  each  other  ihruuah  iirwa- 
paprm    and    masailneii. 

The   new   iKMtal  ratrM  .  ..ti.t  inn..   ..n   r\.-n    i.i.>.i.r  i.r,.l.:.i,     r..r 
the  maenxinrii  than  for  ' 
some  of  them  can  stu> 

have  lo  lncrea»o  their  ..-i t 

CriiM  tells  the  simiile  truth  when  it  ps>e  that  i^'onBras  ta  ctit- 
tUiK  nrr  the  readlns  and  con*e<|uently  th»  education  of  the  p«opl« 
of   that    town. 

The  Star  doe*  not  l>ellev«  (he  American  people  will  approve 
of  thia  revolutionary  blow  at  the  clrrulatlon  of  national  pertodl- 
rnls  and  new*|>«per«  when  they  understand  what  la  Involved.  It 
feela  C'lnndenl  thai  •venlually  Conereaa  will  recognlx*  (he  (vll  II 
haa  done  and  will  reacind  Ha  action. 
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Had  a  great  many  other  influential  newspapers  voiced  an  lie  utilities,  and  in  such  a  way  as  to  allow  a  fixed  per  cent 
opinion  like  that  just  quoted,  Congress  never  would  have  income,  with  an  additional  percentage  return  for  each  per 
passed  the  unreasonable  postal  zone  bill.  So  long  as  it  was  cent  the  price  of  the  commodity  was  reduced  to  the  con- 
felt  that  most  of  the  daily  papers  secretly  favored  the  bill  sumer,  this  reduction  being  given  the  consumer  in  the 
for  selfish  reasons,  most  congressmen  felt  safe  in  enacting  following  year  on  which  the  earnings  were  ba=:ed  in  the 
the  bill  into  law.  In  justice  to  the  congressmen  it  should  form  of  an  increased  or  decreased  discount  on  the  com- 
be said  that  they  were  deceived  by  the  statements  of  the  modity  purchased,  we  would  todav  be  in  a  better  position 
postoffice  department  and  the  "Hughes  Commission"  to  the  to  finance  our  requirements  during  the  war  than  we  are  at 
effect  that  carrying  second-class  mail  costs  the  government  present;  and  it  would  relieve  the  Public  Service  Commis- 
6  to  8  times  the  old  1  ct.  per  lb.  rate.  This  was,  of  course,  gjons  and  the  utilitv  companies  of  not  onlv  the  burden  and 
not  an  intentional  deception,  but  arose  from  the  fact  that  expense  of  all  the  hearings,  but  would  provide  the  finan- 
accountants  instead  of  engineers  were  employed  to  analyze  cial  interests  with  assured  information  relative  to  what 
the  costs  of  mail  transportation  and  delivery.  the  earnings  would  be  under  prevailing  conditions 

In   the  near  future  we   shall   outline  how   an  astounding  to   this   end,   it   is   the   writer's   belief  that   all   the   engi- 

blunder  in  cost  analysis  came  to  be  made  by  the  postal  ac-  veering    societies    should    get    together   and    act    in    unity, 

countants-a  blunder  of  the  sort  that  would  have  disgraced  even  revising  the  aims  as  set  forth  in  the  respective  con- 

the  veriest  tvro  engineer  had  he  made  it.    It  adds  one  more  oiitiitinno  if  tv,o,,  o,.„  „„(•  „*  *t,-     »-^     i,       j              ^  -^ 

.           .      ■              ,     ...               .,      .     ,  .,.,       f                ,.„  slitutions  It  they  are  not  at  this  time  broad  enough  to  per- 

mstance  to  thousands  that  prove  the  inability  of  unscientific  ,„:,  hrnaH  a^tir,r,  r^r,  fh^  „„^„n„„     *i,   »  v,         u         ^         .,* 

,              ,                 ,        _,,,                      .  ™"   Dioaa  action  on  the  questions  that  have  been  brought 

men    to    analyze    complex  costs  properly.     When  account-  >,ofr,rc.  >,o    ot,/i  miii  i,„  r,.^tu      u       j        j        i,      ^  ^           , 

,,                  ..tt..          ,1,         ,                    -jj  Detore  us,  and  will  be  further  broadened  in  the  future  after 

ants  and  lawyers  attempt  to  make  such  analyses  unguided  ,vie  wnr  io  r.-.-^,-                                                  »    t-.   ^.r  ,j 

iim  \\ ai   is  Over.  A    E    W  alden 

bv  engineers  or  other  scientific  analysts,  the  result  usually  Q,,r.oi.;r,tQ„,io^+   „^^    ni,-  *   t-.     ■           -r,'  ,/■            ^,       ^ 

.•     ,                         ,     ,              ,    ,.              ■*,!,•*           *      /  Superintendent   and   Chief   Engineer  Baltimore   Countv 

involves  some  sort  of  error,  but  never  in  the  history  of  rate  Water  &  Electric  C                                              ^"""■.j 

making  has  so  far  reaching  a  blunder  been  made  as  was  Baltimore    Aid 

involved  in  the  reasoning  by  which  it  was  concluded  that  '  '     '     

it   has   been   costing   the   postal   department   several   times 

the  price  received  for  carrying  second-class  mail.  Standardization  Of  CatalO^S 

To  the  Editor:      In  your  issue   of   Sept.   11th  appeared  a 
"Why    Engineers     Should      Prepare  suggestion    from    Wm.    a.    WUcox    regarding    the    ailng   of 
..                 £    -n     UI'        TT'f  clippings,  printed  matter,  etc.    In  this  connection,  those  who 
Revision    OI     "UbllC     utility  are  interested  in  this  subject  wm  no  doubt  be  glad  to  know 
T  oTXT-c"  ''^  *'^^  progress  being  made  toward  standardization  of  cat- 
J-/aAVS  alogs  and  printed  matter. 
To    the    Editor:     Referring  to  the  editorial  on  page  272  The  National  Association  of  Purchasing  Agents  has  felt 
of  your   Sept.   18th   issue,   under   the   heading   "Why   Engl-  the  same  need  experienced  by  its  members,  and  last  May 
neers    Should    Prepare    Revision    of    Public    Utility    Laws,"  their    standardization    committee    called    a    conference    at 
the  writer  believes  that  the  trouble  with  our  organization  Chicago,  which  was  attended  by  representatives  of  twenty- 
is  that  we  do  not  provide  ourselves  with  the  "gift  of  gab";  three  associations  of  trades  and  industries.     Following  that 
in    other   words,    we    spend    too   much    time    thinking   and  conference  the  committee  decided  that  the  facts  presented 
planning   on    problems    to    improve   the    operation    and    re-  showed  very  clearly  that  the  only  one  size  catalog  which 
duce    both    construction    and    operating   costs,    and    do   not  could  meet  the  demand  of  all  interested  was   7%xl0%   in. 
give  enough  thought  to,  you  might  say,  "public  welfare  con-  or  its   half   size,   5%x7i/^    in.     The   committee   then   recom- 
ditlons,"   or  again,   to   the   financial   aspect   in   its   relation  mended   to  the  Association  and  they  adopted  unanimously 
to  that  of  construction,  the  cost  of  financing  and  the  neces-  those  sizes  for  standard  catalogs  and  printed  matter  which 
sary  return  on  the  investment  to  induce  the  financial  in-  is  to  be  filed  with  them. 

forests  to  invest  their  money  in  public  utilities,  particularly  This  same  size  hap  been  adopted  as  a  standard  also  by 
to  the  extent  and  in  the  broad  gage  way  it  should  be  done  the  National  Retail  Hardware  Association  and  the  National 
for  the  public  at  large.  Association  of  Brass   Manufacturers,   and  it   is   under   con- 
Recently  in  this   state   there   was   considerable   agitation  sideration  by  a  number  of  other  organizations, 
along  the  lines  of  placing  an  engineer  on  the  Public  Serv-  The  adoption   of  the  standard  size  makes  it   possible  to 
ice    Commission,    which    should    be    done.      The    statement  begin  now  the  development  of  the  plan  of  indexing  cata- 
was  made  by  one  of  the  lawyers  in  the  case  that  the  en-  logs  and  printed  matter  files.     This   involves  the  develop- 
gineering   profession   is   too   narrow   minded.     Without   go-  ment  of  a  standard  indexing  plan  modified  from  the  Dewey 
ing  into  the  particulars  of  this  case,  it  is  perhaps  fair,  or  System  to  avoid  the  bulking  of  the  numbers,  as  complained 
more  than  fair,  to  say  that  the  majority  of  lawyers  in  pub-  of  by  Mr.  Wilcox.     This  plan  remains  to  be  developed,  but 
lie  utility  cases  have  to  be  and  are  educated  by  the  eng:-  indications  are  that  there  will  be  another  conference  on  this 
neers.     The  engineer  furnishes  the  data  and  the  idea  and  subject  some  time  in  the  near  future, 
leaves  it  to  the  lawyer  to  put  it  in  such  form  that  it  can  W.  L.   Chandler, 
be  placed  before  the  Court  or  Public  Service  Commission,  Mishawaka,  Ind.              Dodge  Sales  &  Engineering  Co. 
and  the  lawyer  a  great  many  times  so  obscures  the  facts  set 

forth  by  flowery  speech,  or  otherwise,  that  the  real  pur-  Water  Consumption  in  IVletropolitan  Water  District,  Bos- 
pose  of  the  matter  in  the  case  is  overlooked.  ton. — The  average  daily  consumption  of  water  in  the  Metro- 
Again,  the  attitude  of  the  engineers  in  many  instances  politan  Water  District  of  Massachusetts  during  1917  was 
is  too  narrow.  They  will  not  only  hold  down  their  own  10,022,000  gal.,  or  90  gal.  per  capita  per  day.  The  entire  dis- 
subordinates  in  the  matter  of  payment  of  salary  or  com-  trict  is  72  per  cent  metered.  The  consumption  by  the 
pensation  for  services  rendered,  but  this  in  turn  gives  the  various  towns  and  cities  in  the  district  was  as  follows: 

appearance  at  times  that  the  engineers  themselves  do  not  . Gallons >       Per  cent 

consider    their    profession    as    worthy  of  the  return  that  it  Ctiy  or  Town.                       ie^°'cfiy        ^per'^day'^       me"erec? 

should  receive.     Personally,  the  writer  believes  that  such     Mnton  375.000  41"'  lOO 

an  attitude  is  all  wrong  and  that  it  would  be  a  good  idea      Maiden    M^?'522  H  inn 

..    .,  .  .  ...  ij  J.    4         iu         •  Medford    1,b41,.)00  4a  luu 

if   the    engineering    societies    could    get    together    in    some      Melrose    992.900  51  100 

way  and  apportion  a  paper,   or  papers,  to  a   certain  num-      winthrop  I?;'?92  ro  JUS 

,  .  ,  ,^i.,  J  ,j'  ji Belmont   474.800  r,i  luo 

ber  of  engmeers  each  month  to  De  read  and  discussed  be-      Re\-ere   1,615,400  58  76 

fore   the    local   body,   the    idea   being   that   it    would   force      -Arlington    „??I'i52  SI  ^I'l 

,  i        Ti       1,      ,,c   V      T,      ».  1  •  -  v,v„        Quincy    Z,i06.SOO  63  91 

men   who   are  naturally   bashful   about   speaking   in   public       Chelsea    3,188,500  69  99 

or  before  a  crowd  to  come  to  the  front.     This   discussion       Somerville    6,676.100  73  74 

,       ,,       ,  ...         ..,.,      ,  Lexington    426,700  74  99 

should    also   cover   public   utility   laws.  Everett    3,023.400  76  5S 

It  might  further  be  stated  that  if  in  times  past  the  proper      Watertown   1.584,600  89  lOO 

,,,,  ^   .  .  »  ..41  .  CT,         Nahant     Iri5,300  105  lO 

Stand  had  been  taken  in  reference  to  the  earnings  of  pub-  Boston                                    .82  073  200               106                   59 
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A  Novel   and    Economic  Method 
of  Controlling    Streams 

lly    ll.\I.lii;i;T    V     t.ll.l.i:riK.    K.lii..r 

wlio  hiise  hud  fxi>uriciiei'  with  rrf<<kH  and 
buiik.i  are  «uM\y  fri«l<-U  nct-d  not  bv  told  that 
•jf  Htrtani  couirol  In  not  no  Blmple  an  It  looks. 
A  lo*  uiotiths  aeo  the  writer  Haw  a  novel  Boluilon  of  this 
probh-m  on  a  »n>all  creek  In  California,  and  wa.H  mruck 
not  only  by  \tn  Inst-nulty  but  by  the  ecunonilc  poMHlblllty  of 
applyInK  the  nunif  prliulplex  on  u  largf  iicale. 

Tho  Invt-ntur  of  Ihr  ^y.ttein  of  "rhi-tk  damn"  about  to  be 
(l.-.-rlbod  In  Alvaro  A  I'ratt.  of  Hollywoo<l.  Cal.  Hla  ex- 
p«-n.ii.f  In  altcniptlnK  to  prevent  erosion  by  torrential 
.•tir<'.ini.H  Ifti  him  to  the  conrlUHlon  that  the  KreatcHt  mistake 
made  by  enKlneera  1m  to  direct  their  entire  attention  to  pro- 
t.Ti!nir  ih*-  bnnkx.  Ordinarily  no  attempt  l.t  made  to  regu- 
;  '  lii-nt  of  the  bottom  of  ii  stream:   but  If  the  bot- 

•  Id  In  place.  undcrmlninK  of  any  bank  protect- 
!  ■■*   iA  almo.st  certain   to  occur.  unletiM   very  ex- 

pviu.ivf  bank  construction  l.«  used  and  not  alwayx  then. 

Mr.  PratfH  plan  Involves:  (1)  Control  of  the  bottom 
Intu-ltudlnally  by  means  of  a  series  of  shallow,  cheap  step- 
il.uL^,  (2)  control  of  the  .•<ldes.  al.io.  by  a  series  of  step- 
diiin^.    (3)    the  u.-e  of  posts  or  piles  and   wire  netting  for 


Upper  Vi«w:    Crot*   Section   of   Pratt   Check    Dam.      Middle    View; 

Longitudinal    Section.      Lower    View:      Detail!   of    Spillway. 

Showing    Baaket    Bottom. 

bulldlnK  these  dams,  and  (4)  the  automatic  fllUng  In  back 
of  the  dams  with  sand  and  Rravel  carried  by  the  stream. 

That  the  plan  works  well  on  a  small  scale  the  writer  can 
vouch.  Klg.  0  1b  a  view,  taken  during  low  water,  of  one  of 
these  «yslenis  of  check  dams  In  I>aurel  Canyon,  near  Los 
Angeles.  The  protected  channel  Is  25  ft.  wide  and  about  » 
ft.  deep.  The  orlKlnnI  grade  of  the  stream  varied  from  3  to 
10  p<T  cent,  but  the  creek  now  has  a  level  bottom  between 
the  check  ilani.M.  each  of  which  steps  up  about  3  ft. 

Before  describing  the  Pratt  system  In  detail  attention 
n)a>  be  called  lo  the  fact  that  It  could  often  be  used  to 
protect  bridges  In  streams  that  are  given  to  sudden  changes 
■  f  '^•'lr  bed.  The  system  could  also  be  used  to  reclaim 
•  :  >.i  areas  of  farm  land,  and  to  restore  the  stream  to  Us 
Mr:.:ii;il  channel. 

I'll;  1  Is  a  cross-section  at  one  of  the  transverse  check- 
dams.  Posts  are  driven  Into  the  ground,  or  set  In  post 
holes,  and  pig  wire  Is  fastened  to  them.  The  leaves  and 
debris  carried  by  the  stream  loiiKe  against  the  plg-wlro 
and  close  the  m^«tle»  sufllclently  to  retard  the  current  until 
It  drops  part  of  lis  load  of  cravel  and  sand  back  of  the  pig- 
wire  Thus  an  "earih  1111"  dam  begins  lo  form  across  the 
stream  and  ultimately  reaches  the  top  of  the  plgwlre 


trans  verve  dan 

tlon   . 

toni 

al>o\ . 

of    the   channel. 


Klg.  2  Is  a  longitudinal  section  and  show*  two  of  the 
one  at  A  and  one  at  B,  wboae  croM-«M- 
Klg.  1.  Fig.  3  Is  a  spillway  "basket  bot- 
iif  pig-wire  laid  so  as  to  form  an  apron 
the  transverse  dam  In  the  center  section 
ThU  prevents  the  erosion  of  the  bottom 
by  the  water  spilling  over  the  crest  of  the  dam. 

I'U-  4  (taken  from  Popular  Mechanics)  shows  a  fllleil  In 
irii-^  .s.Ttliin. 

Any  tiigineer  who  wishes  to  obuin  a  thorough  grasp  of 
the  way  In  which  such  a  system  of  step^lanis  operates  can 
Uo  so  by  making  a  small  model,  u-lnir  ohi'ken  wire  and 
small  stakes   for   the  dams.   .-.     '  ;    Home 

sand  for  the  stream  and  Its  >.'.■  ;eally 

astonishing,   the  open   wire   •!  ,  auses 


Oepoaita   of    Silt. 

the  sand  to  deposit  and  builds  up  the  steps  both  longitu- 
dinally and  laterally. 

The  object  of  the  lateral  stepping  is  to  build  up  the  banks 
In  a  manner  that  will  secure  their  permanency.  If  there 
comes  a  break  In  any  of  these  side  banks  It  automatically 
repairs  Itself. 

In  the  writer's  travels  he  has  seen  a  great  number  of  ex- 
pensive attempts  to  control  streams  without  controlling  the 
grades  of  their  bottoms.  Most  of  those  attempts  were 
either  total  or  partial  failures.  The  usual  reason  for  failure 
is  this:  The  capacity  of  a  current  for  carrying  debris 
varies  as  the  cube  of  its  velocity.  Therefore  even  a  slight 
decrease  In  velocity  causes  a  deposition  of  detritus.  The 
deposit  deflects  the  current:  and  the  deflected  current, 
through  centrifugal  action,  piles  up  on  the  outside  of  the 
curve.  The  surface  of  the  water  being  higher  at  the  out- 
side of  the  curve  than  at  the  inside,  there  results  a  trass- 
verse  current  whose  eroding  action  still  further  changes 
the  bottom.  And  troubles  never  cease;  for  If  the  bottom 
is  permitted  lo  change,  the  entire  course  of  the  stream  will 
be  speedily  altered  and  the  banks  cut  out  unless  protected 
by  very  expensive  structures.  Kven  expensive  bank  pro- 
tection— slope  walls,  piling,  mattresses,  etc. — are  often  un- 
dermined. If  not  undermined,  the  current  may  find  its 
way   bark   of   ttiom.   or  the   whole    channel    may    shift    so 


•■••laeiea.  Cal. 

greatly  as  to  leave  ibem  high  and  dry,  or  they  may  even  b« 
burled  tinder  s  fns""  of  S'-eiin«(ilnifrr  dehrt* 

T!  •       ■  V    and   long!- 

tuth  Hut    hllh- 

fTU<  The  great 
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merit  of  Mr.  Pratt's  idea  is  the  accomplishing  of  this  plan 
in  a  very  economic  way.  It  seems  to  the  writer  that  the 
plan  is  susceptible  of  economic  application  under  a  great 
variety  of  conditions. 


Relation  Between  Frequency  and 
Intensity    of    Rainfall 

A  series  of  rainfall  curves  for  various  sections  of  the 
country  has  been  prepared  by  the  U.  S.  Housing  Bureau 
for  the  use  of  the  engineers  engaged  in  designing  storm 
water  sewage  for  the  housing  projects  of  the  Bureau.  Dia- 
grams have  been  compiled  for  23  cities,  this  number  being 
considered  as  sufficient  to  represent  the  various  parts  of 
the  countr.v  in  which  the  housing  projects  of  the  govern- 
ment are  located.  The  diagram  for  Boston,  Mass.,  is  re- 
produced below. 

The  diagrams  have  been  made  from  data  of  excessive 
rainfalls  contained  in  the  annual  reports  of  the  U.  S. 
Weather  Bureau,  in  most  cases  beginning  about  1896.  The 
tables  relating  to  excessive  rainfalls  contain  records  from 
self-registering  rain  gages  of  all  storms  in  which  the  rate 
of  fall  equaled  or  exceeded  0.75  in.  per  hour. 

The  data  have  been  plotted  with  ordinates  representing 
intensities  and  abscissas  representing  average  period  in 
years  between  successive  storms  of  the  intensity  and  dura- 
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Relation    Between    Frequency   and    Intensity  of   Rainfall   of   Storms 
of  Various  Duration  at  Boston,   Mass. 

tion  in  question.  Thus  on  the  diagiam  for  Boston,  the 
point  having  an  ordinate  of  two  and  abscissa  of  four,  indi- 
cates that  an  intensity  of  2  in.  per  hour  for  30  minutes  has 
been  experienced  on  the  average  once  in  four  years,  during 
the  period  cohered  by  the  records;  that  is,  there  have  oc- 
curred five  storms  during  the  entire  period  of  20  years  in 
which  the  intensity  for  30  minutes  has  equaled  or  exceeded 
2  in.  per  hour.  During  this  same  period  two  of  these  storms 
equaled  or  exceeded  2.7  in.  per  hour  as  shown  by  the  point 
(2.7)  (10),  and  one  storm  had  an  intensity  of  about  2.9  in. 
per  hour. 

The  diagrams  not  only  give  the  intensities  of  rainfall  for 
various  periods  of  time,  but  the  probable  frequency  of  any 
given  intensity  and  so  give  valuable  information  of  the  fre- 
quency and  extent  to  which  sewers  designed  for  a  given 
capacity  are  likely  to  be  overtaxed.  Thus  if  the  capacity 
of  a  given  sewer  at  Boston,  for  example,  is  dependent  upon 
a  20-minute  storm,  then  the  diagram  shows  that  an  intensity 
of  about  2.5  in.  per  hour  can  be  expected  about  once  in  four 
years,  and  if  the  sewer  be  designed  on  this  basis  it  may  be 
expected  that  it  will  be  overtaxed  once  in  ten  years  to  an 
extent  produced  by  a  rainfall  intensity  of  3.4  in.  per  hour. 

The  diagrams  were  prepared  by  Mr.  E.  P.  Burke  under 
the  direction  of  Mr.  F.  E.  Turneaure,  both  of  the  Housing 
Bureau,  of  which  Mr.  John  W.  Alvord  is  Chief  Engineer. 


Methods  of  Water  Waste  Elimin- 
ation in  a  100  Per  Cent 
Metered  City* 

By  H,  P.  T.  MATTE, 
Superintendent  AVater  Department,  Oak  Park,  111. 
During  the  four-year  period  between  1913  and  1917  in- 
clusive, although  the  population  of  Oak  Park  has  increased 
34.6  per  cent  and  the  number  of  services  or  meters  32.5 
per  cent,  the  daily  consumption  increased  only  20.7  per 
cent.  The  daily  per  capita  consumption  has  decreased 
from  75  gal.  to  67.6  gal.,  or  10.6  per  cent,  the  minimum 
night  rate  of  consumption  diminished  37.5  per  cent  and 
the  ratio  of  the  minimum  night  rate  to  the  average  daily 
consumption,  dropped  from  40.8  to  21.2  or  48  per  cent.  The 
percentage  of  water  accounted  for  by  meters  has  in- 
creased from  72  per  cent  to  83  per  cent. 

Oak  Park  has  always  been  100  per  cent  metered.  All 
the  water  pumped  into  the  distribution  system,  except 
that  which  is  lost  through  underground  leakage,  is  de- 
livered through  meters.  This  includes  all  municipal  build- 
ings, watering  troughs,  drinking  fountains,  street  sprinkling 
water  used,  in  parks,  and  fire  hydrants  when  used  for  other 
than  fire  purposes.  Water  used  in  the  construction  of 
hou.ses  is  sold  through  meters  buried  in  the  parkway. 
Moreover,  there  is  no  free  water. 

Maintenance  of  Meters. — All  meters  are  tested  period- 
ically, a  practice  which  has  been  found  profitable,  although 
not  required  by  the  Public  Utilities  Commission.  Meters 
are  read  every  quarter  in  a  continuous  reading  system, 
for  which  purpose  the  city  is  divided  into  s<x  districts  so 
that  those  found  to  be  not  registering  can  be  brought  into 
the  shop,  repaired  and  put  back  into  service  within  a 
week  after  being  read. 

Rigid  Collection  of  High  Bills  Due  to  Leakage. — This 
point  is  important  and  has  a  beneficial  effect  on  the  suc- 
cess of  the  meter  system.  In  other  words,  although  it  may 
be  hard  on  the  consumer,  he  will,  if  properly  impressed, 
appreciate  the  importance  of  watching  his  fixtures  and  be- 
come  educated  in   spite   of  himself. 

No  reduction  in  bills  is  made  on  account  of  leakage. 
Short  and  pointed  instructions,  which  include  the  policy 
of  the  Water  Department,  are  printed  on  the  backs  of 
the  water  bills.  If  the  complainant  has  been  guilty  of 
the  characteristic  failing  of  mankind,  that  of  being  un- 
observing  and  neglecting  to  read  the  information  supplied 
to  him  every  three  months,  he  deserves  to  pay  for  his  in- 
attention. 

This  does  not  mean  that  the  department  is  heartless  and 
does  not  admit  mistakes.  The  consumer  is  given  the 
benefit  of  the  doubt  from  th%  first,  owing  to  the  fact  that 
the  department  realizes  that  it  is  but  human  and  can  be 
in  error  in  .several  ways.  In  fact  the  department  lets  it 
be  known  that  it  is  glad  to  correct  its  faults.  If,  however, 
upon  thorough  investigation  it  is  found  that  the  water 
was  consumed  through  leakage  or  otherwise  wasted,  the 
bill  must  be  paid.  In  order  to  be  fair  certain  allowances 
are  made  if  the  waste  was  in  the  ground  and  invisible.  In 
this  case  the  lowest  rate  at  which  water  is  sold  in  Oak 
Park  is  allowed,  although  the  quantity  consumed  may  not 
justify  the  consumption  to  be  placed  in  that  class. 

In  any  case  of  high  bills,  whether  this  concession  is 
given  or  not,  if  the  consumer  is  plainly  unable  to  pay  the 
bill  as  it  stands  (these  claims  being  investigated),  an  in- 
stallment plan  of  payment  is  adopted;  but  with  the  pro- 
vision that  the  bill  must  be  paid  within  a  year. 

The  reason  for  this  attitude  is  this:  Every  student  of 
human  nature  knows  that  if  a  water  department  is  re- 
puted to  be  lenient,  the  average  person  takes  a  chance 
and  depends  upon  his  ability  as  a  bluffer  to  get  out  of  pay- 
ing the  bill.  Talk  is  cheaper  than  plumbing  bills.  If  he 
is  victorious  because  "he  has  been  unfortunate  and  won't 
let  it  happen  again,"  he  surely  will.  In  the  old  days  of 
leniency  it  was  found  that  the  average  consumer  did  do 
it  again. 

•Abstract  of  paper  presented  before  the  Illinois  Section  of  the 
American   Waterworks   Association. 
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Complaint  Oepartment.-  Uut  It  in  Inipoiitlbic  (u  bnndle 
thiH  niutlt-r  i>ru|ifrly  without  un  efflcleot  coni|ilaint  ile- 
partnifnl,  (or  It  lit  then  lnii>oH»ibl<>  tu\^  the  tlcparinient  to 
prove    ItM    cane.  Kvery    waierworkn    nmn    who    ha«    hud 

to  (leal  with  comtunierx  unilrr  ihi'  ni«-ti*r  it.vMtem  Ih  awuro 
of  the  nuiiib«*r  of  i-jtcunf^  uiul  prfvuricatlonM  that  arc 
evolvrd  In  orUtT  to  iiiiiki-  Ihf  iiiiiiiaKfiiH-nt  bi'lU'Vc  thai 
there  wa.i  a  iiiliitHk<>  niiult-  in  ih>-  MiidiiiK.  tliut  there  aru 
no  leakit.  that  the  Oxtureii  have  been  repaired  recently,  that 
the  meter  work.s  when  no  water  paxiieii  throuKh  It,  that 
the  meter  reader  Ih  In  rollUHlon  with  the  "bunch  of  graft- 
er?! In  Ihi'  oOice"  and  rendu  the  meter  from  the  next  block, 
and  DO  on. 

Oak  I'ark,  however,  Is  prepared  to  prove  to  all  these 
THiateur  lawyer-t  that  they  have  no  case  In  court.  There 
i*  a  record  of  all  coniplaint.s  of  whatever  nature  that  have 
been  made  to  the  water  department  and  about  the  water 
depurtnient  for  'he  past  5  years.  These  are  arranged  by 
years  in  3  by  5in.  card  files,  and  are  the  orlKinal  records. 
All  calls  are  recorded  on  the  same  size  cards,  three  colors 
being  used  tn  dislinKUlsh  between  complaints  relating  to 
meters  and  bills,  complaints  and  Job  orders  relatInK  to  the 
mechanical  division,  and  those  relalinK  to  delinquent  bills. 
This  record  is  very  valuable  In  refuting  unjust  accusations, 
tn  tracing  P<>st  records,  and  for  the  purpose  of  settling 
especially  diOicult   problems. 

All  complaints  concerning  high  bills  are  investigated 
and  a  comprehensive  written  report  is  made  to  the  con- 
sumer. The  nature  of  the  complaint  Is  written  on  the 
card  provided  for  that  purpose  and  is  given  to  an  in- 
spector who  makes  a  specialty  of  Investigating  high  bills. 
It  has  been  found  impracticable  for  the  meter  reader  to 
waste  time  making  investigations.  He  notes  all  unusual 
sounds  or  evident  leakapj  on  the  reading  slip  and  a  special 
call  Is  made.  Sometimes  a  consumer  is  dissatisfied  even 
after  a  second  investigation,  and  he  is  allowed  to  hold 
the  payment  of  the  bill  until  the  next  quarterly  statement, 
when  he  will  see  for  himself  the  result  of.  stopping  small 
leaks.  If,  however,  a  rebate  is  yet  expected  or  sought,  a 
flnal  notice  of  "Shut  off  for  non-payment"  is  issued  and 
the  water  Is  shut  off  in  spite  of  threats  of  litigation. 

For  the  purpose  of  determining  the  cause  of  persistent 
high  bills,  where  "there  are  only  two  in  the  family,  no 
leaks,  and  there  Is  no  sprinkling  done;  while  the  family 
next  door  has  three  or  four  children,  does  Us  own  wash- 
ing, sprinkles  the  lawn  all  day,  and  has  only  minimum 
bills,"  the  department  has  evolved  a  recording  detector 
which  Is  substituted  for  the  meter  and  which  gives  a 
graphic  record  of  the  consumption  for  24  hours  or  a  week.  It 
Is  thus  possible  to  spot  the  number  of  times  the  faucets 
are  opened,  the  number  of  baths  with  the  quantity  used 
each  time,  and  the  nun)ber  of  times  the  toilets  are  used. 
It  has  thus  been  pohsible  on  many  occasions  to  show  that 
the  toilet  would  not  work  about  every  fifth  time  it  was 
operated,  and  that  the  lady  of  the  house  was  apparently 
too  clean,  having  the  habit  of  letting  the  water  run  In  the 
kitchen  sink  loo  long  each  day  or  that  somebody  look  a 
cold  bath  every  morning  and  consumed  about  :>»  gal.  each 
day  In  the  operation,  or  that  a  thermostat  used  by  a  cen- 
tral healing  plant  leaked  at  some  time  during  the  day,  or 
that  the  toilet  was  used  too  often  to  wash  down  foreign 
substances  that  did  not  "belong  there,  or  finally  that  the 
servant   was  very   wasteful. 

The  complaints  on  account  of  high  bills  dropped  In  num- 
ber from  2.000  In  1913.  to  60u  in  1917.  due  to  the  education 
of  the  consumers  who.  realizing  that  the  department  means 
business,  la  strictly  Impartial  and  Is  able  to  help  them  re- 
duce their  water  bills,  have  b<-gun  to  co-operate  with  the 
department. 

Recording  Pressure  Gages  and  Master  Meter.-  The  third 
Item  In  the  pmrlent  elimination  of  waste  is  the  Installation 
of  recording  pressure  gages  and  a  master  meter  directl.v 
on  the  dislrlbutlon  system.  The  combination  of  the  two 
devices  Is  a  great  aid  In  estimating  the  rale  of  consump- 
tion during  the  niRht,  which  Is  due  to  leakage  alone.  In 
noting  the  progress  each  day  In  the  stoppage  of  leaks, 
and  In  determining  thp  necessity  for  making  a  special 
wasl<'  survey.  The  edlrlency  of  the  pumping  station  at- 
tendants as  well  ns  that  of  the  pumps  can  be  determined 


at  a  glance.  Many  plants  are  equipped  with  Venturi 
meters  or  pitometer  r«Torders  placed  on  the  main  leading 
to   filter   bi-ds,  or   to   reservoirs   or   sta:  '-  •  '        ■  .r- 

acter    of    the    consumption    cannot     !.• 

mined    by   meters    so    placed    that    the  .t 

be   seen. 

Periodical  Waste  Surveys.— The  waste  survey  U  one  of 
the  most  ImiKjrtant  elements  In  the  prevention  of  con- 
tinued   needless    waste   on   a   metered    water   system. 

In  order  to  shorten   the   work  of  making  waste  sur^'eys 
and  avoid  unnecessary  work,  it   Is  advisable  to  make  first 
a  rough  survey  of  the  entire  city  with  a  pitometer.  which 
Is    done    by    Isolating    certain    districts    nii.l    iiii-.i-uring   all 
the  water  consumed  through  one  of  thi  feeder. 

Here   is   where   the  master  meter  on    '  ■■n   sys- 

tem   comes    into    use.      The    Oak    I'ark     .   . ...   ...i  ;.',    often 

shuts  down  large  districts  for  a  few  minutes  and  notes 
the  drop  on  the  VeiTturl  chart.  It  Is  Impossible  to  do  this 
at  night  because  the  quantity  Is  only  -lOrt  gal.  i>er  min- 
ute between  the  hours  of  1  and  4  a.  m.  In  fact  the  small- 
est pump  Is  so  throttled  In  order  to  maintain  the  assumed 
pressure  of  40  lb.  that  the  opening  left  Is  equal  In  area 
to  that  of  a  2-ln.  pipe.  The  Venturi  meter  Is  not  sensitive 
enough  at  that  low  velocity:  but  it  is  possible  to  accom- 
plish nearly  the  same  result  In  the  day  time  during 
periods  of  steady  consumption  when  there  is  a  draft  of 
2.000  or  3.000  gal.  per  minute.  In  this  case  the  drop  has 
been  found  sufficient  to  allow  the  making  of  an  analysis 
of  the  leakage  conditions.  The  pitometer  Is  the  surest 
way.  however,  for  it  is  possible  with  It  to  obtain  accurate 
information  and  so  eliminate  the  "good  districts." 

After  the  pitometer  survey,  especially  when  the  leak- 
age Is  so  small  that  there  is  little  velocity  In  the  mains, 
the  "hydrant  and  hose  method"  follows  logically.  It  i& 
practically  u.^eless  to  expect  any  headway  if  a  displace- 
ment meter  is  used,  as  the  rate  of  consumption  and  the 
minimum  flow  cannot  be  accurately  determined.  The  Oak 
Park  department  uses  a  2-ln.  Venturi  meter,  but  a  pito- 
meter inserted  into  a  short  piece  of  pipe  2  In.  or  smaller 
in  size  is  as  good.  A  manometer  and  as  much  condemned 
Are  hose  as  can  be  obtained  from  the  fire  department, 
completes   the  outfit. 

During  the  summer  of  1917  the  department  tested  18 
miles  of  mains,  and  stopped  leakage  amounting  to  220.000 
gal.  per  day.  This  represents  a  saving  in  the  cost  of  water 
purchased  from  the  city  of  Chicago,  of  $3,000  and  the  out- 
fit used  cost  only  J150.  exclusive  of  the  hose.  It  also  ac- 
complished the  reduction  of  the  night  rate  of  consump- 
tion to  the  assumed  standard  of  20  per  cent  qf  the  average 
daily   consumption. 

It  has  been  the  Oak  Park  experience  that  In  order  to 
be  most  efficient,  a  water  department  must  be  under  one 
head.  That  Is.  not  only  should  the  manager  take  care  of 
the  mechanical  end  of  the  water  works  system  but  also 
the  financial  part.  He  should  also  Inaugurate  the  policies. 
It  Is  very  difficult  to  handle  complaints  regarding  high 
bills  and  to  give  satisfaction  If  the  money  is  collected  In 
one  department,  "shutoffs"  for  non-payment  of  bills  are 
handled  In  another,  and  the  bills  are  rendered  In  either  of 
the  foregoing  or  yet  In  a  third  one. 


State  Drainage  Laws 

The  Reclamatiun  Sfi  uiitlr.-.  ,'ominitlie  of  the  Invest- 
ment Bankers'  Association  of  .\merlcn  has  pnM>ared.  and 
is  now  having  published,  a  book  conttilnlnir  n  «vnop«|.  of 
each  of  the  drainage  laws  of  24  ""'  I-* 

book  has  been  issued  for  tht>  pu  -i- 

formation   among   bond   dealers.    I  n- 

Iractors.  concerning  the  lows  In  the  several  ^li4^.■i.  ulth 
res|M«ct  to  reclamation  of  land  by  drainage.  The  book  will 
ioninin  .ipiiroxlmitely  400  pages.  It  will  be  bound  In 
liiiiKr.iin.  ami  is  Ix-ing  offered  by  the  committee  to  tho 
nii-inbrrs  of  lis  as!<ocialion,  and  to  ony  contractors  or  en- 
gineers who  might  be  Interested,  nl  »7  .'.O  p.r  copy,  which 
rovers  the  expense  the  committee  has  Ik-cu  put  to  in  get- 
ting out  this  publication.  John  U.  Longmln-.  Mississippi 
Valley  Trust  Co.,  4th  and  Pine  Sts.,  St.  Louis,  Mo.,  is  a 
member  of  the  committee. 
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Station  Work  Solves  Labor  Prob- 
lem in  Constructing  Concrete 
Aqueduct  of  Winnipeg 
Water   Supply 

By  F.  P.  KEMON. 
The  new  water  supply  of  Winnipeg,  Manitoba,  will  be 
brought  to  the  city  by  an  aqueduct,  97  miles  in  length,  ex- 
tending to  Shoal  Lake,  a  subsidiary  of  the  Lake  of  the 
Woods.  The  aqueduct  passes  through  a  flat,  barren  unin- 
habited bush  countr.v  consisting  of  muskey  and  tamrack 
swamps,  and  has  a  fall  of  300  ft.  in  the  97  miles.  A  stand- 
ard gage  railroad  for  construction  purposes  was  built  ap- 
proximately 150  ft.  distant  and  parallel  to  center  line  of 
aqueduct.  Over  this  railroad  a  passenger  train  is  run 
three  days  a  week  to  bring  men,  provisions  and  mail  to  the 
camps  along  the  line. 

Bucyrus  drag  lines  were  used  for  the  trench  excavation. 
The  trenches  were  approximately  22  ft.  wide  and  from  4  to 
32  ft.  deep.  The  excavation  was  made  as  near  as  possible 
to  within  6  in.  -of  required  depth.  This  final  cut  was  re- 
moved by  hand  excavation  so  that  the  bottom  of  trench 
could  be  shaped  to  the  required  type  of  invert  used  to  suit 
the  nature  of  ground  encountered.  There  were  three  differ- 
ent types  of  inverts  used  throughout  the  work.  Excavated 
material  was  placed  by  drag  lines  along  side  of  the  trench 
so  as  to  form  an  embankment  upon  which  to  build  a  3  ft. 
gage  railroad  to  be  used  in  placing  concrete.  A  template 
was  employed  to  keep  the  center  of  embankment  parallel 
to,  and  the  proper  distance  from,  the  center  line  of  aque- 
duct, so  that  the  traveling  concrete  chutes  would  work 
properly  in  pouring  concrete. 

Reasons  for  Adopting  Station  Work  System. — Owing  to 
the  scarcity  of  labor  due  to  the  war,  and  the  limited  period 
in  which  work  of  this  nature  could  be  prosecuted  on  ac- 
count of  long,  severe  winters,  the  contractors  at  the  begin- 
ning of  the  1917  season  were  confronted  with  a  serious 
problem  to  get  the  requisite  amount  of  construction  fin- 
ished. Station  work  was  decided  upon,  it  being  the  inten- 
tion to  sub-contract  the  work  so  as  to  offer  inducements  to 
the  men  to  work  a  little  harder  and  thereby  get  along  with 
a  smaller  labor  force  than  would  be  required  working  on 
the  hourly  basis.  The  idea  was  to  offer  prices  that  would 
allow  the  men  to'  earn  10  ct.  to  15  ct.  per  hour-  more  by  the 
extra  effort  put  forth.  The  rate  of  wages  on  the  hourly 
basis  at  this  time  was  30  ct.  to  40  ct.  per  hour. 

Classes  of  Labor  and  Their  Efficiency. — The  laborers  rep- 
resented a  number  of  different  nationalities,  including  Bel- 
gians, Russians,  Austrians,  Swedes,  Poles  and  Norwegians. 
On  account  of  the  scarcity  of  labor  it  became  impossible  to 
maintain  any  discipline  among  the  men,  they  taking  undue 
advantage  and  conducting  themselves  pretty  much  as  they 
pleased.  When  the  station  work  was  at  first  proposed  to 
them  they  did  not  want  to  accept  it;  they  seemed  very 
suspicious  and  were  afraid  of  being  taken  advantage  of, 
and  in  some  instances,  large  numbers  of  them  left  the 
work,  as  many  as  50  to  75  leaving  different  camps  along  the 
line  at  one  time.  These  were  mostly  Austrians  and  they 
proved  to  be  the  hardest  to  handle  and  the  last  to  take  hold 
of  the  station  work.  The  Belgians  were  the  first  to  accept 
it  and  also  proved  to  be  the  best  station  men  with  Swedes 
second  and  Norwegians  third.  After  these  men  had  worked 
a  short  time  at  the  station  work  and  found  they  could  make 
more  money  than  on  the  hourly  basis  there  was  no  further 
trouble  experienced  in  letting  the  work,  and  the  plan  proved 
very  successful  as  far  as  conserving  man  power  was  con- 
cerned, the  work  being  prosecuted  in  some  instances  with 
a  third  less  men.  The  work,  owing  to  its  continued  same- 
ness, also  turned  out  to  be  ideal  for  the  system. 

Prices  and  Working  Hours  for  Station  Men. — A  schedule 
of  prices  to  be  paid  was  made  up  by  the  chief  engineer  but 
this  could  not  be  strictly  adhered  to  on  account  of  the  con- 
stant changing  of  local  conditions  as  work  progressed  at 
the  ten   different   camps   along  the   line.     Accordingly,   the 


letting  of  the  work  and  the  prices  to  be  paid  had  to  be  left 
to  the  judgment  of  the  men  in  charge  at  the  camps. 

After  the  men  be^an  on  the  station  work  basis  no  regular 
schedule  of  working  hours  was  adhered  to  as  in  most  in- 
stances men  would  get  out  an  hour  or  two  before  breakfast 
and  would  always  work  several  hours  in  the  evening  after 
supper.  The  men  in  a  short  time  also  developed  a  keen 
insight  into  the  cost  of  doing  the  work  and  would  offer  all 
kinds  of  arguments  to  increase  the  price.  They  were  abso- 
lutely void  of  any  integrity  as  to  continuing  a  contract.  If, 
after  a  few  days*  trial  the  job  did  not  prove  to  be  as  profit- 
able as  they  had  anticipated,  they  had  no  hesitation  in 
throwing  it  up  and  going  to  other  camps  looking  for  new 
work.  These  tactics  being  numerous  resulted  in  a  hard- 
ship on  the  men  in  charge,  and  they  had  to  exercise  consid- 
erable care  and  diplomacy  in  order  to  keep  the  cost  of  the 
work  down  and  still  continue  the  station  work. 

Earnings  of  Station  Men. — When  a  contract  was  let  and 
work  begun  the  resident  engineer  for  the  contractor  would 
record  the  station  and  also  when  a  contract  was  finished. 
The  men  were  paid  on  a  basis  of  his  report.  They  earned 
from  $8  to  ?12  per  day  on  the  station  work.  They  usually 
worked  in  gangs  with  one  of  the  party  acting  as  leader  or 
foreman.  This  man  would  do  the  bidding  for  the  gang  and 
they  would  be  governed  by  him.  It  often  occurred  that  one 
gang  would  take  three  or  four  different  contracts  in  order 
to  work  continuously  throughout  the  day  and  when  it  was 
not  possible  to  do  this  the  men  would  work  for  one  or  two 
hours  during  the  day  while  waiting  for  additional  station 
work  to  become  ready. 

Cost  of  Embankment  Grading  and  Box  Drains. — The  grad- 
ing of  the  embankment  alongside  the  trench  for  the  con- 
creting plants  was  the  first  contract  let  on  the  station  work 
basis.  The  price  for  this  was  from  3  ct.  to  6  ct.  per  lineal 
foot,  according  to  amount  and  nature  of  the  material  to  be 
handled.     One  or  two  men  usually  performed  this  work. 

A  wood  box  drain  8  in.  x  10  in.  in  cross  section  was  next 
placed  in  the  center  of  the  trench.  It  was  set  2  in.  below 
bottom  of  invert  grade  with  a  2  in.  layer  of  screened  gravel 
placed  on  all  four  sides  of  the  drain.  The  box  drains  were 
built  of  2  in.  X  6  in.  x  16  ft.  sides  with  1  in.  tops  and  bottoms 
and  were  nailed  together  by  contract  for  1%  ct.  per  lineal 
foot.  Excavating  for  and  setting  box  drains,  including  plac- 
ing gravel,  was  let  for  from  5  ct.  to  10  ct.  per  lineal  foot, 
according  to  nature  of  material  excavated,  which  varied 
from  quicksand  and  muskeg  to  solid  rock.  Four  to  eight 
men  usually  worked  at  this  contract.  Cross  drains  were 
also  placed  at  intervals  of  about  500  ft.  They  drained 
water  to  sumps  outside  of  the  line  of  aqueduct.  The  water 
was  pumped  out  of  the  trench  with  gasoline  diaphgram 
pumps.  The  gravel  used  around  box  drains  was  placed 
in  the  trench  alongside  of  excavation  and  was  not  included 
in  contract. 

Setting  Up  and  Dismantling  Invert  Forms. — Following 
the  placing  of  box  drain,  pioneer  invert  forms  13  ft.  x  15  ft. 
X  6  in.  to  24  in.,  with  a  copper  strip  4  in.  wide  at  each  end 
of  form  for  water  proofing  joint,  were  set  up  at  from  $1.75 
to  ?2.50  each,  according  to  size.  They  were  dismantled 
and  carried  ahead  to  point  of  re-erection  for  75  ct.  per  form. 
Four  men  erected  forms  and  three  men  dismantled  them 
and  moved  them  ahead.  After  the  concrete  was  poured  in 
the  invert  forms  it  was  screeded  by  three  men  at  75  ct.  per 
invert  and  trowel  finished  by  two  finishers  at  from  75  ct.  to 
90  ct.  per  invert,  including  the  placing  of  a  cedar  strip  in 
the  center  of  the  haunch  to  prevent  seepage  at  the  joint 
between  the  invert  and  arch. 

Handling  Steel  Forms  for  Arch. — Blaw  steel  forms  in  45 
ft.  sections  were  used  for  arches.  Six  inside  and  four 
outside  forms  and  steel  inside  and  outside  traveler  for 
moving  them  were  assigned  to  each  camp.  These  forms 
and  travelers  were  first  erected  in  the  trench  on  the 
hour  wage  basis.  Later  contracts  were  let  at  from  ?20 
to  $27.50  per  arch,  including  the  laying  of  traveler  tracks, 
dismantling,  moving  ahead  and  erecting  complete  ready 
to  receive  concrete.  This  work  required  from  8  to  12 
men,  and  they  set  up  three  to  four  arch  forms  per  day.    A 
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Ulnk<>y  wan  furnlHhetl  (o  pull  (hf  traveler  alirail  when  the 
(urtim  «<Tf  li>n>lcd 

Concrete  Ml.ing  Plant  and  Handling  of  Aggregate. — Con- 
or' r  IH  cu.  fl.  raparlty  I»D(lon 
III  n  I  KK)  ft.  of  500  ru.  yd. 

ftti  . .     :;    X  12  ft    X  i»  ft.  of  thre«v 

car  capncity,  wore  er«ri«*d   about   half  a  mile  apart  aloiiic 

the   work.     They   w«»r«   biidt    |mriil<>*l   to   th.-   Bfftnrtnn!   riir^ 

railroad    In    -u.  " 

Yt-nlenllv   and 

In  20  cu    yd    • 

belDK    already    iiii:icil.    piut>uiUuu<'U    (u    (li«<    rt-<iuiit<d    mix. 

t'ement    waa   delivered    In   itarkii,   unloaded   and   stored   In 


.«  In  bundle*  of  50  each  aad 


plan. 


cte.— A  3  ft 
tkiu  nnt  laid  by 
of  4  In.  z  6  In.  x  S 


I'lavt'linic  cuiicrdr  chutea  wore  eoiploypd  to 
In   both   Inverta   and   arehea.     THpim*   rhulea 


Raee    rallroMl 

the  hour  «ajE« 

ft    tle»  and  30 

•'  ••  aecilon. 

n  up.  ear- 

yd. 

itb 

ler. 

place  concrete 
ran   on   ulnele 


rig.  1— Placing  Cencr«u  In  Invent  wtlh  Chute  Traveler  Working  on  Monorail  Syelem.  Fig.  2— Hard  Oround  Section, 
•hewing  Chute  Traveler  and  Oinhey  Trettle.  Fig.  1 — Arch  Chule  Traveler.  Flo  4— Finlehing  Inverts  with  Long  Handed  Trowel. 
Fig.   V- Pioneer  Ar.h.t.   Sngw.ng   Outeide   and   Ineide   Form   Traveler   Tracke.      Fig.   »— Outelde   Form   Traveler   Moving   Form. 


houxea  for  1  c-i  p«'r  »nrk  A  3  fl.  kbk)-  railroad  track  waa 
laid  between  uKKreKatr  line  and  mixer  upon  which  IH  cu. 
yd.  V-ahaped  rocker  dump  cam  were  uaed  to  charxe  the 
mixer,  one  workInK  from  the  riKht  and  one  from  ihf  !»-ft  of 
mixer       Tin-   riiTi    tiail    fHl.«i'    IhiIIomih    li  :  '  .it 

when  IfVfl  full  ihi'>   tii-ld  ihf  r<-qulr<-d  o 

to  make  Ihi-   batrh.     .Six   to  elitht   men   ;■  l.y 

hand  for  :^0  ri  pnr  cubic  yard  and  deniiinil<-it  larger  Kliutela 
aa  aoon  aa  they  were  put  on  the  contract  baala.  KlKht  to 
ten  men  were  alwayn  required  to  do  thin  work  on  the  hourly 
baala.     One  roan  fed   the  mixer  with  cement   at    1   ct.   per 


track  and  were  moved  ahead  by  men  who  dumped  the  coni 
iiiid  pinc.-d  the  concrete  l->om  loO  to  150  cu.  yd.  of  con- 
<  r.  I"  «ii"  |ilaied  per  day.  requlrtnic  a  icanic  of  alx  men. 
'1  ln-f«'  men  were  piild  a  bonua  of  5  ct.  per  cubic  yard  for  all 
over  Iii'i  <-u    yd    p<'r  il.iy   placed 

Foundation  Fill  and  Backfill. -Coal  for  drac  line*  and 
Milxerx  »Hit  unloaded  for  16  per  car.  Koundatlon  All.  eon- 
KiKllnR  of  run  of  pit  icrnvel,  waa  uaed  In  aoft  cround  aee- 
ilona  and  placed  under  water  In  trench.  Thin  material  waa 
delivered  In  air  dump  can.  dumped  alonK  the  rlchi  of  way 
oppoalte  to  whore  It  wu  to  be  uaed.  loaded  Into  wheelbar- 
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rows  by  hand  and  dumped  from  runways  over  trench  for  30 
10  40  ct.  per  cubic  yard.  In  some  sections  the  ground  was 
so  soft  it  would  not  carry  the  embankment  placed  along- 
side of  the  trench.  In  such  instances  two  drag  lines  had  to 
be  used  to  relay  material  excavated  from  trench  a  safe  dis- 
tance from  the  edge  of  the  trench  to  prevent  caving  of 
banks.  Trestles  had  to  be  built  to  place  concrete.  These 
trestles  were  let  at  from  25  ct.  to  45  ct.  per  lineal  foot,  in- 
cluding cutting  of  timber  required  from  bushes  along  right 
of  way. 

A  portion  of  the  backfill  was  required  to  be  placed  by 
hand  in  12-in.  layers  an  dtamped.  This  work  was  let  for 
71/2  ct.  per  foot  per  side  of  trench.  After  this  work  was  fin- 
ished drag  lines  completed  the  backfilling  when  top  and 
slopes  of  backfill  were  dressed  to  template  at  4  ct.  per 
lineal  foot  of  trench.  After  this  seeding  was  done  on  the 
hour  wage  basis. 

Each  camp  consisted  of  from  12  to  15  frame  buildings, 
made  in  battoned  sections  so  they  could  be  conveniently 
taken  down  and  moved  to  the  next  camp  site.  This  was  let 
at  from  $500  to  $700  per  camp.  Accommodations  were  pro- 
vided for  from  100  to  150  men  at  each  camp,  and  they  were 
boarded  at  $5  per  week.  The  work  was  executed  by  the 
Winnipeg  Aqueduct  Construction  Co.,  Mr.  Wm.  Small,  Gen- 
eral Superintendent,  and  Mr.  W.  G.  Davies  Chief  Engineer, 
the  writer  being  in  direct  charge  of  camps  Nos.  1  and  5. 


Water  Waste  Warnings  on  Back  of  Water 
Bill 

The   Water   Department    of    Oak    Park,    111.,    utilizes    the 

back   of  its   water  bills   for   admonitions   to   the   consumer 

WHAT  YOUR  SMALL  LEAKS    regarding    the    waste    of 

water.     The  following  no- 

COST  YOU  jjgg  appears  on  the  back 

of  each  bill: 

SIZE      OPEN-   GALS.  PER    COST  PER         ]-,q   jjq^  neglect  leaking 

STREAM         rNG  DAY  QUARTER  ,"     ""^    "    "^  ,,      ,    „, 

toilets — for  a  small  leak 
will  waste  from  $10.00  to 
$50.00  worth  of  water  a 
year.  This  leak  may  oc- 
cur without  being  visible, 
but  it  can  be  detected  by 
listening  on  the  pipe  lead- 
ing from  the  tank  or  on 
the  tank  itself. 

Do  not  suspect  the  met- 
er if  your  water  bills  are 
too  high.  It  registers  all 
of  the  water  consumed 
whether  used  or  merely 
wasted — but  no  more. 
When  a  water  meter  is 
DROP,  DROP  •"  •""'        worn  or  defective  it  either 

allows  water  to  pass 
through    without    register- 


3000     $48.60 


700       11.70 


175 

44 
24 


2.84 

.71 
.39 


WATCH  YOUR  FIXTURES 

ing  the  flow  at  all,  or  else  under-registers. 

All  water  passing  through  a  meter  will  be  charged  for 
whether  used  or  wasted — and  no  reductions  will  be  made 
on  account   of  leaks. 

Meters  will  be  tested  by  the  Water  Department  upon 
the  request  of  the  consumer — but  if  the  test  shall  estab- 
lish the  accuracy  of  the  meter  within  2  per  cent,  the 
customer  will  be  required  to  pay  $2.00  for  the  expense  of 
making  the  test. 

The  table,  "What  Your  Small  Leaks  Cost  You,"  is  not 
based  upon  mere  thory,  but  the  various  openings  were 
tested  in  Oak  Park  at  the  averag  epressure  of  45  lb.  per 
square  inch. 


4,830  Acres  of  War  Gardens  in  Chicago— It  is  estimated 
that  war  gardens  in  the  city  of  Chicago  alone  produced 
crops  during  the  recent  season  to  the  value  of  $3,500,000. 
A  total  of  4,830  acres  was  under  cultivation  as  the  result 
of  the  labor  of  250,000  individual  war  gardeners.  In  the 
suburbs  at  least  90  per  cent  of  the  vacant  land  was  under 
cultivation  and  a  crop  was  produced  fully  as  great  as  that 
of  the  city  proper. 


MethodsofEradicatingMosquitoes 
in  Malarial  Control  Campaign* 

By  C.  N.  HARRUB, 
Sanitary  Engineer,  U.  S.  Pulilic  Health  Service. 
The  line  of  procedure  to  follow  in  endeavoring  to  re- 
duce the  malaria  incidence  is  to  break  the  line  of  trans- 
mission from  patient  to  well  person.  As  it  is  definitely 
known  that  malaria  is  transmitted  only  through  the  agency 
of  the  Anophelene  mos'quitoes,  this  is  the  logical  point  of 
attack.  No  mosquitoes,  no  malaria.  Hence  the  elimination 
of  malaria  reduces  itself  to  a  question  of  eradication  of 
the  mosquito.  This  is  best  accomplished  by  making  it  im- 
possible for  them  to  breed.  The  first  three  stages  of  the 
life  of  a  mosquito,  viz.:  the  egg,  the  larva  and  the  pupa, 
are  spent  in  water,  and  without  water  it  is  impossible  for 
them  to  propagate.  The  problem  thus  becomes  one  of 
getting  rid  of  all  water  possible  or  rendering  it  unfit  for 
mosquito  breeding.  This  may  be  accomplished  in  one  of 
four  different  ways,  but  in  practice  it  may  be  found  neces- 
sary to  employ  all  of  these  methods  on  the  same  piece 
of  work.     The  four  methods  are:     1.    Drainage.    2.  Oiling. 

3.  Fish   control.    4.   Larvacides. 

Drainage  as  an  anti-malaria  measure  may  be  subdivided 
into  several  heads.  1.  Training  natural  streams  and  water 
courses.    2.  Construction  of  open  ditches.   3.  Lining  ditches. 

4.  Subsurface    drains.     5.    Filling.     6.    Maintenance. 
Training  Streams. — As  mosquitoes  breed  in  running  water 

as  well  as  in  stagnant  pools,  it  is  necessary  as  a  control 
measure  to  put  them  into  such  condition  that  the  devel- 
opment can  be  arrested  before  adult  mosquito  is  pro- 
duced. This  consists  in  clearing  the  channels  of  all  ob- 
structions, straightening  the  course  where  possible,  and 
regrading  the  beds  so  as  to  confine  the  water  to  as  narrow 
an  area  as  possible,  and  to  give  the  stream  an  increased 
current.  Difficulty  is  sometimes  encountered  in  this  work, 
especially  in  low  flat  ground.  The  stream  banks  should 
be  clean-cut  and  all  obstructions  removed  to  minimize  the 
chances  for  floatage  to  collect,  and  also  to  provide  an  edge 
which  minnows  may  approach.  On  streams  which  dry 
out  soon  after  storms,  depressions  in  which  water  may  pool 
and  produce  mosquitoes  should  be  filled  so  that  the  water 
will  drain  off. 

Construction  of  Open  Ditches.-d^pen  ditches  should  be 
as  straight  as  possible,  and  should  have  clean-cut  slipping 
edges,  and  narrow  bottoms.  They  should  also  be  as  few  as 
possible.  In  digging  such  a  system  of  ditches  the  main  ditch 
should  be  dug  first,  and  then  such  laterals  as  are  indi- 
cated. In  joining  a  lateral  to  the  main  ditch  it  should  be 
given  a  down-stream  direction  to  prevent  the  deposition 
of  silt  and  sand  at  the  junction. 

Lining  Ditches. — In  some  cases  where  the  maintenance 
of  open  ditches  is  too  expensive  it  is  found  advantageous 
to  line  them,  or  portions  of  them,  with  concrete.  It  is  not 
always  necessary  to  line  them  for  their  full  depth,  but 
just  the  bottom  and  a  small  distance  up  the  sides.  Lined 
ditches  are  much  more  easily  cleaned  than  open  ones. 
Care  must  be  taken  in  their  construction  to  provide  suf- 
ficient anchorage  so  that  the  lining  will  not  be  washed 
out. 

Subsurface  Drainage. — Tile  pipe  is  used  in  subsurface 
drainage,  and  the  object  is  to  lower  the  water  table,  so 
that  storm  water  will  be  more  rapidly  absorbed  by  the 
ground.  It  is  also  used  to  intercept  seepage  from  hillsides. 
Filling. — Where  the  collection  of  water  cannot  be  eco- 
nomically drained,  filling  must  be  resorted  to.  If  the  area 
to  be  filled  is  too  large  it  may  be  partially  filled  so  that 
the  reduced  water  area  may  be  controlled  more  easily. 
As  a  rule  draining  is  more  satisfactory  and  cheaper  than 
filling. 

Maintenance. — Under  maintenance  conies  any  measures 
necessary  to  keep  the  ditches  in  their  most  efficient  con- 
dition, such  as  removal  of  collection  of  debris,  regrading, 
etc.     Vegetation   will   grow    up    in   the   ditches,    and   must 


•From  a  paper  presented   Aug. 
cers  of  the  State  of  Florida. 


1   before   the  City   Healtli  O-ffi- 


(78) 


October  9.  VAX. 


ENGINEERING    AND    COXTRACriNG 


345 


be  removed.  In  ditches  which  always  contain  water 
aquatic  growths  and  al^ae  often  have  to  be  conibatled. 
In  such  cases  copper  sulphate  will  be  found  very  useful. 
Ditches  should  be  inspected  at  frequent  Intervals  to  see 
that  they  are  free  from  obstructions  and  records  should 
be  kept  of  such  inspections.  These  should  show  the  work 
performed  and  the  materials  used,  so  that  costs  may  be 
fisrured.  It  is  well  to  have  a  map  of  the  area  with  the 
locations  of  all  ditches  shown  on  it. 

Oiling. — Oiling  may  be  used  as  a  supplementary  control 
measure  when  funds  for  proper  drainage  are  not  avail- 
able, or  until  drainage  work  can  be  done.  The  object  of 
ollinK  Is  to  kill  the  larvae  before  they  can  develop  into 
mosquitoes,  and  also  to  render  the  water  disagreeable  to 
the  mosquitoes  so  they  will  not  deposit  their  eggs  in  It. 
The  principal  requisite  for  an  oil  in  mosquito  control  work 
Is  that  it  shall  spread  well  so  as  to  form  a  thin  film  over 
the  surface  of  the  water.  There  are  many  kinds  of  oil 
which  are  effective  in  this  work,  ranging  in  density  from 
kerosene  to  crude  oil.  Kerosene  has  been  used  quite  ex- 
tensively, and  has  some  advantages  over  some  of  the 
other  grades.  It  forms  a  thin  film,  spreads  rapidly,  and 
is  easily  obtained.  Its  chief  objection  is  that  it  evaporates 
rather  quickly.  To  overcome  this  feature  it  may  be  mixed 
with  a  heavier  oil.  The  general  practice  today  is  to  mix 
it  with  crude  or  some  other  heavy  oil,  the  mixture  being 
so  proportioned  that  it  works  well  in  the  sprayers  and 
readily  spreads  to  form  the  film  on  the  surface  of  the 
water.  The  percentage  of  kerosene  in  the  mixture  varies 
considerably  and  may  be  as  high  as  75  to  80  per  cent. 
The  film  is  more  permanent  with  such  a  mixture  than 
w^ith  kerosene  alone. 

Oil  may  be  applied  successfully  to  pools,  ditches, 
streams  and  edges  of  ponds  and  rivers.  It  should  also  be 
used  in  such  containers  as  fire  barrels  and  similar  stor- 
age places.  In  ponds  or  streams  of  large  size  it  is  un- 
necessary and  useless  to  endeavor  to  cover  the  entire 
area,  because  the  larvae  are  seldom  found  in  the  deep 
water  and  because  a  film  of  large  dimensions  will  be  easily 
broken  up  by  wind  action  and  driven  all  to  one  side. 

Wherever  oil  is  used  care  should  be  taken  to  see  that 
all  debris,  such  as  floatage,  weeds,  etc.,  are  cleared  out. 
The  efficiency  of  the  oil  film  depends  entirely  on  its  con- 
tinuity and  if  grasses  or  weeds  and  sticks  are  left  pene- 
trating the  water  surface,  they  not  only  interfere  with 
the  spreading  of  the  film,  but  the  film  will  not  come  in 
contact  with  them  at  the  water  surface.  A  small  annular 
space  is  left  around  each  grass  or  stick  and  here  the 
larvae  may  come  to  breathe.  An  excessive  amount  of  oil 
will  sometimes  overcome  this  difficulty,  but  this  method 
Is  too  expensive  for  general  practice. 

Methods  of  Applying  Oil. — Oil  may  be  applied  in  any  of 
a  number  of  way.^,  for  example:  1.  By  means  of  a  com- 
mon garden  sprinkling  pot.  2.  Knapsack  sprayer.  3.  Drip 
cans.  4.  Small  bundle  of  oil  soaked  cotton  waste.  5. 
Sprayer  from  a  boat.    6.  Thrown  from  a  small  dipper. 

This  last  method  is  only  a  makeshift,  is  wasteful  of  oil, 
and  should  never  be  considered  as  a  permanent  method 
of   distribution. 

(1)  The  field  of  usefulness  of  the  sprinkling  pot  is  lim- 
ited to  small  areas,  where  all  parts  of  the  propagation 
area  are  easily  accessible. 

(2)  The  knapsack  sprayer  is  best  for  general  use.  It 
Increases  the  range  over  which  the  oil  may  be  spread. 
by  the  operator  being  able  to  cover  a  radius  of  20  ft.,  if 
desired.  The  can  holds  5  gal.,  and  is  carried  on  the  back 
of  the  operator,  thus  leaving  both  hands  free  while  not 
operating  the  sprayer.  This  is  a  great  advantage  when 
traveling  over   rough    ground. 

(3)  Drip  cans  are  used  on  small  streams.  The  can  is 
placed  about  3  or  4  ft.  above  the  water  lexel  so  that  the 
force  of  the  fall  will  break  up  the  drop  of  oil  and  imme- 
diately spread  it  out  in  the  required  film.  The  rale  of 
dripping  depends  on  the  size  of  the  stream  and  its  ve- 
locity. In  a  small  stream  a  foot  or  so  in  width  10  to  20 
drops   per  minute   will   usually   suffice.     On   larger  streams 


as  many  as  60  drops  per  minute  may  be  required.  This 
is  a  matter  which  should  be  determined  by  trial.  When- 
ever possible  it  is  best  to  place  the  drip  can  so  that  the 
oil  falls  on  a  rather  swift  part  of  the  stream  such  as  a 
small  rapids.  This  aids  in  breaking  up  the  drop,  which 
then  spreads   out  over  the  quieter  water  below. 

Various  kinds  of  drip  cms  are  used,  different  kinds  of 
oil  requiring  different  methods  of  handling. 

(4)  The  oil-soaked  cotton  waste  is  a  sort  of  modifica- 
tion of  the  drip  can,  and  is  used  on  streams  where  the 
How  i.s  too  smail  to  require  the  use  of  a  drip  can.  The 
waste  is  dipped  in  the  oil  and  then  squeezed  just  enough 
10  stop  the  dripping.  It  is  then  fastened  by  wire  in  the 
bed  of  the  stream  at  its  headwaters.  The  oil  gradually 
works  out  and  forms  the  required  film.  It  will  serve  for 
about  a  week  and  must  then  be  re-dipped. 

(5)  Hand  pumps  and  sprayers  are  used  in  small  flat 
bottomed  boats  to  spray  the  edges  of  streams,  lagoons, 
etc.,  where  drainage  cannot  be  economically  employed. 

Fish  Control. — In  certain  localities  malaria  control  work 
is  very  materially  assisted  by  fish.  The  top  feeding  min- 
now, Gambusia  Afflnis,  is  the  deadly  enemy  of  IM  mos- 
quito larvae,  and.  in  localities  where  they  abound  are  the 
means  of  destroying  large  numbers  of  the  wigglers.  If 
given  a  little  assistance  they  will  often  entirely  prevent 
the  development  of  mosquitoes  in  a  pool.  In  order  to 
make  them  most  efficient  it  is  necessary  to  keep  clean 
smooth  edges  on  the  pool  or  stream  and  to  remove  all 
floatage  In  which  the  wigglers  may  hide.  Small  pools 
may  be  stocked  with  these  minnows  and  oiling  thereby 
rendered  unnecessary.  Such  pools  should  be  inspected 
frequently  in  order  to  be  sure  that  the  fish  control  is  ef- 
fective. 

Larvacides. — Under  certain  conditions  lar\-acides  may  be 
used  in  malaria  control  work,  but  as  a  rule  they  are  less 
satisfactory  and  more  expensive  than  draining  or  oiling. 
Larvacides  are  poisonous  ^nd  should  therefore  be  used 
with  care  and  discretion.  They  may  kill  fish  and  other 
aquatic  life  if  applied  too  .freely,  and  by  thus  destroying 
the  top  feeding  minnows  destroy  one  of  the  best  natural 
agents  in  mosquito  control  that  we  have.  Larvacides  may 
be  used  to  best  advantage  in  such  containers  as  fire 
barrels,  where  they  can  not  injure  stock,  or  kill  forms  of 
life  other  than  those  for  which  it  is  intended.  One  fea- 
ture in  favor  of  some  larvacides  is  the  fact  that  one  ap- 
plication is  sufficient  for  a  whole  season,  or  until  the  water 
is  changed.     Such  a  one  is  nitre  cake. 

Prophylaxis  and  Screening. — In  addition  to  the  above- 
mentioned  methods  of  control,  which  are  designed  to 
eliminate  the  mosquito,  prophylaxis  and  screening  may  in 
certain  cases  be  used  to  advantage.  In  prophylactic  work 
quinine  is  used.  The  dose  varies  with  the  object  in  view, 
a  larger  dose  being  used  to  produce  immunity  than  to 
simply  ward  off  the  disease.  It  has  been  used  very  effec- 
tively in  Italy  among  the  rural  population.  For  the  10 
years  preceding  1902  the  average  annual  death  rate  was 
above  14,000.  At  that  time  quinine  phophylaxis  was 
started,  with  the  result  that  in  10  years  the  rate  had  been 
reduced  to  a  little  over  3.000,  or  about  25  per  cent  of  the 
former  figure.  As  no  other  means  of  control  were  em- 
ployed during  this  time  quinine  must  be  given  the  credit 
for  this  reduction.  It  has  also  been  used  with  equally 
good  results  in  Greece,  Algeria,  Brazil,  Formosa  and  Gei^ 
man  East  Africa. 

Screening  of  houses  should  be  done  in  all  malarial  lo- 
calities, but  cannot  be  considered  by  itself  as  an  efficient 
method   of  control. 


Iowa  Section  of  Am.  W.  W,  Assoc.  Meeting. — The  fourth 
annual  meeting  of  the  Iowa  Section  of  the  American  Wa- 
terworks Association  will  be  held  in  Iowa  City,  la..  Oct. 
23  and  24.  Prof.  J.  H.  Dunlap,  State  University  of  Iowa, 
Iowa  City,  is  acting  secretary  and  treasurer  of  the  section. 


Women   Gas   Meter   Readers.— The  Haverhill  Gas  Co.,  of 
Ha\erlilll,   Mass.,  is  employing  women  to  read  its  meters. 
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Preliminary    Analysis  of    Degree 
and    Nature  of  Bacterial  Re- 
moval in  Filtration  Plants* 

By  ABEL  WOLMAN, 
Division  Engineer,   Maryland   State  Department  ot  Health. 

The  determination  of  a  law  of  bacterial  removal  by  rapid 
sand  water  filtration  plants  is  of  great  practical  importance 
and  utility.  Such  determinations  of  plant  efiiciencies  are 
valuable  as  indicators  not  only  of  present  but  also  of  future 
performance.  It  is  quite  evident  that  it  would  be  desirable 
to  measure  quantitatively  the  performance  of  a  plant  in 
such  a  way  as  to  obtain  a  comparative  conception  of  how 
well  or  how  badly  it  is  being  operated.  Since  at  present  no 
agreement  exists  among  operators,  designers,  or  public 
health  officials  as  to  standard  of  "good  performance,"  be- 
cause, in  the  past,  agreement  has  been  prevented  by  the  in- 
terminable search  for  a  "standard  effluent,"  itself  the  sub- 
ject of  disagreement,  it  becomes  necessary  to  attack  the 
problem  of  rating  or  standardizing  plant  accomplishment 
from  another  angle.  In  this  discussion,  .an  initial  search  is 
made  for  certain  basic  characteristics  of  rapid  sand  filtra- 
tion. The  term,  rapid  sand  filtration,  is  here  used  more 
broadly  than  usually,  to  describe  the  entire  process  from 
preliminary  coagulation  through  sedimentation  or  settling, 
filtration,  and  disinfection. 

The  measure  of  variable  phenomena  by  comparison  with 
ideal  or  "normal"  conditions  is  a  procedure  common  to 
scientific  analysis.  The  application  of  this  method  offers 
here  a  fruitful  means  of  testing  our  ideas  of  filtration 
efficiency.  The  first  problem  obviously  consists  in  the  at- 
tempt to  determine  a  possible  correlation  between  the  num- 
ber of  bacteria  in  the  final  effluent  of  a  filtration  plant  and 
the  number  in  the  raw  water.  A  numerical  statement  of 
the  problem  should  be  cleare^  If  a  plant  uses  a  raw  water 
containing  500  bacteria  per  cubic  centimeter  and  produces 
an  effluent  containing  10  per  cubic  centimeter,  will  the  same 
plant  produce  an  effluent  of  20  per  cubic  centimeter  when 
the  raw  water  content  is  1000  per  cubic  centimeter?  Can 
one  predict,  in  other  words,  with  any  degree  of  precision, 
what  effluent  counts  should  be  normally  attainable  with 
varying  raw  water  counts? 

Deduction  of  Standard  from  Normal  Performance. — The 
normal  or  ideal  performance  from  which  it  is  possible  to 
obtain  hypotheses  as  to  standard  empirical  accomplishment 
is  not  difficult  to  deduce.  The  "normal  empirical  perform- 
ance" may  be  defined  as  the  accomplishment  of  a  filtration 
plant  which  is  known  to  be  operating  successfully.  Suc- 
cessful operation  can  be  said  to  exist  wherever  there  is  an 
unquestioned  superior  bacteriological  and  physical  quality 
of  effluent,  consistent  performance,  excellent  control,  and 
scientific  observation  of  operating  details.  Plants  whose 
performance  may  be  used  as  the  basis  for  comparison  and 
for  the  derivation  of  the  law  of  bacterial  removal  are  not 
at  all  rare.  In  this  analysis,  the  operating  statistics  of  the 
filtration  plant  at  Avalon,  Md.,  owned  by  the  Baltimore 
County  Water  &  Electric  Co.  and  operated  by  S.  T.  Powell, 
were  used. 

This  plant  obtains  its  raw  water  from  the  Patapsco  River, 
a  highly  polluted  stream,  ranging  in  turbidity  during  the 
year  from  0  to  5000  parts  per  million  and  in  bacterial  con- 
tent {20°C.  gelatine-48  hours),  from  several  hundred  to 
150,000  per  cubic  centimeter.  The  watershed  of  the  stream 
is  composed  largely  of  cultivated  areas,  with  no  large  sew- 
age polluting  influences.  This  water  is  treated  with  alumi- 
num sulphate,  at  an  average  rate  of  0.8  grain  per  gallon, 
and  is  then  allowed  to  settle  for  four  hours.  After  leaving 
the  sedimentation  basin  it  is  treated  with  calcium  hypo- 
chlorite with  an  average  dose  of  0.34  part  per  million,  and 
then  passes  through  the  rapid  sand  filters  which  have  a 
capacity  of  2,500,000  gal.  per  day. 

The  plant  is  controlled  scientifically  by  a  trained  operator 
with  the  aid  of  modern  equipment  and  laboratory  observa- 
tion.    During  several  years  of  operation  the  bacterial  con- 

.Abstract  of  a  paper  presented  at  the  St.  Louis  Convention  of 
the  American   Waterworks   Association. 


tent  of  the  effluent  has  not  exceeded,  at  any  time,  20  bacteria 
per  cubic  centimeter.  Presumptive  tests  for  B.  coli  in 
lactose  broth  have  indicated  positive  tests  in  1  cc.  less  than. 
2  per  cent  of  the  time  during  any  year.  The  number  and 
kinds  of  bacteria  are  determined  in  raw  water  and  final 
effluent  every  day  and  general  experimental  data  are  con- 
stantly collected.  It  is  clear,  therefore,  that  the  plant  in 
Baltimore  (Jounty  approaches  so  closely,  from  the  stand- 
point of  operating  results,  the  ideal  plant  as  to  justify  the 
use  of  its  performance  as  the  basis  of  a  law  of  filtration. 

Determining  Characteristic  Empirical  Performance  Curve. 
— In  order  to  determine  with  some  degree  of  accuracy  the- 
form  ot  a  characteristic  empirical  performance  curve,  the' 
results  of  raw  water  and  final  effluent  counts  of  the  Avalon 
plant  were  plotted.  In  order  to  avoid  plotting  a  mass  of 
points  which  would  tend  to  confuse,  7-day  averages  of  both 
stations,  rather  than  daily  results  extending  over  a  period 
of  nineteen  months  in  1915,  1916  and  1917,  were  used.  In 
plotting  these  values,  approximately  520  daily  analyses 
were  summarized.  These  were  obtained  in  consecutive 
months  and  under  every  phase  of  operating  conditions.  NO' 
counts  were  discarded  as  being  unfair  or  incorrect. 

A  study  of  the  samples  plotted  reveals  at  once  a  consis- 
tency of  arrangement.  It  is  clear,  too,  that  the  performance 
of  this  normal  plant  is  represented  by  the  curves.  Inas- 
much as  these  curves  are  practically  straight  lines,  within 
the  limits  shown,  the  derivation  of  their  equation  is  simple. 
The  equation  of  a  straight  line,  when  the  results  have  been 
plotted  on  a  logarithmic  basis,  is  given  by:  c  =  logiy-^-log 
X,  where  c  is  a  constant  for  this  particular  plant,  and  y  and 
,(■  are  respectively  the  raw  water  and  final  effluent  counts. 

It  would  appear,  therefore,  that  the  "normal  empirical  per- 
formance" is  represented  by  a  curve  having  the  equation: 
y^x".  A  tentative  hypothesis,  with  regard  to  bacterial 
removal  by  filtration  action,  may  be  promulgated,  therefore, 
as  follow:  The  final  effluent  count,  under  normal  operating 
conditions,  is  an  exponential  function  of  the  raw  water 
count.  This  hypothesis  provides  a  means  of  determining 
whether  or  not  a  plant  under  scrutiny  is,  at  least,  "perform- 
ing normally,"  where  normal  performance  would  be  inter- 
preted as  conformity  to  the  logarithmic  curve  of  filtration. 

The  "normal  performance"  curve  demonstrates  the  fal- 
lacy of  assuming  that  the  difficulty  of  removal  of  bacteria 
is  relatively  the  same  regardless  of  the  number  of  bacteria 
in  the  raw  water.  Although  this  assumption  is  rarely  pub- 
licly proclaimed,  it  is  usually  summoned,  however,  to  the 
aid  of  those  plants  which,  for  one  reason  or  another,  are 
so  successful  as  to  require  a  specious  hypothesis,  fairly 
reasonable  to  the  layman,  to  support  their  claims  to  maxi- 
mum efficiency  of  99  per  cent  plus.  The  practical  results  of 
a  scientifically  controlled  plant  certainly  seem  to  lead  to 
the  conclusion  that  increases  in  raw  water  bacterial  con- 
tent decrease  the  corresponding  bacterial  content  Interval 
in  the  final  effluent. 

It  should  be  added,  too,  that  the  equation  of  normal  per- 
formance, 2/  =  a',  offers  a  new  quantitative  measure  of  the 
efficiency  of  any  plant,  obtained  by  evaluating  in  any  case 
the  constant,  c.  Such  a  measure,  among  other  qualities,  has 
the  advantage  of  a  rational  basis  and  of  a  practical  signifi- 
cance. 

Value  of  Coefficient  of  Efficiency. — What  absolute  value 
this  constant,  c,  or  the  so-called  "coefficient  of  efficiency," 
should  attain  is  dependent  upon  individual  opinion  of  "good 
performance."  It  is  of  interest  to  note,  however,  that,  in  a 
survey  of  19  rapid  sand  filtration  plants,  varying  in  size 
from  2,200,000  gal.  to  80,000,000  gal.  filtered  per  day,  the 
coefficient  of  efficiency  of  these  plants  has  attained  an  an- 
nual average  of  over  2.5.  The  raw  waters  which  these 
plants  had  to  treat  contained  turbidities  ranging  from  an 
annual  average  of  1  to  561  parts  per  million,  and  average 
bacterial  contents  from  350  to  16,500  per  cubic  centimeter. 
The  19  plants  chosen,  therefore,  for  the  evaluation  of  c, 
are  representative,  in  their  initial  conditions,  of  rapid  sand 
filtration. 

The  probable  existence  of  the  law  of  filtration,  y=^x', 
combined  with  known  values  of  c,  practically  attainable, 
gives  the  investigator  of  filtration  plant  accomplishment 
the  fundamental  criteria  with  which  to  measure  both  the 
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character  and  the  amount  of  removal  In  any  particular 
plant.  The  objection  may  be  raised  to  the  above  method  of 
criticiil  litandardization  of  plant.s,  that  all  do  not  function  in 
a  .similar  manner,  on  account  of  differfncos  In  raw  water, 
re.sulting  from  peculiarities  of  su.spended  matter,  variations 
In  resistance  of  bacteria,  and  other  similar  factors.  This 
objection  does  not  seem  to  the  author  to  be  entirely  valid, 
since  peculiar  characteristics  of  raw  water  are  usually  pro- 
vided for  by  variations  in  design,  such  as  increased  periods 
of  sedimentation  and  sreater  doses  of  disinfectant.  It  is 
reasonable  to  suppose,  therefore,  that  given  plants,  initially 
properly  desisned  for  local  conditions,  should  function  ac- 
cording to  some  common  law,  since  death  rates  under  dis- 
infection, devitalization  and  sedimentation  and  nitration  of 
bacteria  differ  in  the  degree,  but  not  in  the  kind,  of  changes 
effected. 

The  preliminary  theory  of  bacterial  removal  by  filtration 
is  supported  by  the  average  monthly  results  from  several 
large  rapid  sand  plants  in  the  United  States.  It  is  quite 
obvious  thai  each  plant  follows  in  its  performance  the  char- 
acteristic j/:=a'  curve. 

Since  the  death-rate  of  bacteria  under  the  action 'of  dis- 
infectants,  and   under   well    defined    conditions,    has    been 

1  V 

shown,  to  follow  in  general  the  law:   c  = log — ,  it 

f.  =  f,        j: 
will  be  necessary  to  look  for  the  causative  factors  of  the 
I/^j'  law  in  other  phases  of  the  system  of  rapid  sand  fil- 
tration. 


Cost  of  Ash  Collection  at  Philadelphia  with 
Motor  Trucks 

Trucks  equipped  with  special  dumping  bodies  are  em- 
ployed by  the  city  of  Philadelphia  for  removing  ashes.  Ten 
Mack  trucks  are  used  for  this  work.  Each  truck  has  a 
capacity  of  10  cu.  yd.  and  makes  from  5  to  7  trips  per  day, 
with  a  total  mileage  of  about  60.  On  the  assumption  that 
each  truck  averages  6  full  trips  per  day,  the  cost  of  col- 
lecting and  disposal  of  ashes  is  31.9  ct.  per  cubic  yard. 
The  daily  cost  per  truck  is  $19.15,  of  which  $7.75  is  fixed 
charges,  and  $11.40  is  the  operating  cost.  The  fixed  charges 
per  day  are: 

Driver    J3.50 

Depreciation    2.50 

Interest   on    investment 60 

Insurance 4? 

Garage    '  = 

Total   »7.75 

The  operating  cost  per  mile  is  as  follows: 

.Maintenance    $0.04 

Gasoline    08 

Tires    06 

Oil  and    grease 01 

Total    »0.1» 

On  the  basis  of  60  miles  per  day  the  operating  cost 
amounts   to   $11.40. 


Measuring  Sludge  Depth  in  Deep  Sedimen- 
tation Tanks 

An  ingenious  method  of  measuring  the  depth  of  sludge 
In  deep  sedimentation  tanks  is  employed  at  the  sewage 
disposal  works  of  Fitchburg,  Mass.  The  measurements 
are  made  by  means  of  a  pitcher  pump  and  28  ft.  of  1-ln. 
rubber  hose,  marked  in  1-ft.  lengths.  The  pump  is  screwed 
to  a  3-ft.  plank  and  attached  to  the  hose  by  a  union  coup- 
ling. In  making  measurements  the  plank  is  placed  across 
the  top  of  a  gas  vent  and  the  hose  pushed  into  the  lank 
until  It  is  near  the  supposed  sludge  level.  The  hose  is  then 
lowered  3  In.  at  a  time.  Between  each  shift  sufficient 
pumping  Is  done  to  Insure  a  complete  change  of  water  in 
the  ho.se.  When  the  sludge  level  is  reached  the  pump  will 
raise  sludce.  The  length  of  the  hose  below  the  chimney 
top  Is  then  noted  and  as  the  distance  from  top  of  chimney 
to  bottom  of  lank  is  known,  it  is  an  easy  matter  to  calcu- 
late the  depth  of  the  sludge. 


Four  Years'  Operating  Results  of 
Minneapolis  Water  Purifi- 
cation Plant 

Interesting  data  on  the  first  four  years'  operation  of  the 
purification  plant  of  the  Water  department  of  Minneapolis, 
Minn.,  are  given  by  Mr.  F.  W.  Cappelen,  City  Engineer,  in 
the  Transactions  of  the  American  Society  of  Municipal 
Improvements.  The  plant  was  put  in  operation  Jan.  10, 
1913.  It  consisted  of  12  filler  beds,  each  of  4,000,000-gal. 
maximum  capacity,  with  two  coagulation  chambers,  eech 
of  1,300,000-gal.  capacity.  During  the  year  it  was  found 
that  the  coagulation  basins  were  not  large  enough,  and 
TAHI^E   I.— Kll/rU.\TI<iN    IiATA. 
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also  that  the  filter  capacity  had  to  be  increased.  This 
work  was  completed,  in  1915,  by  adding  four  filters,  each 
of  4,000,000  gal.  maximum  capacity,  and  two  coagula'tion 
basins,  each  of  1,500,000  gal.  capacity.  In  1917  construc- 
tion was  started  on  eight  filters,  gTving  a  total  of  96,000,- 
000  gal.  which  will  be  in  operation  this  fall. 

The    accompanying    tables    from    the    Transactions    give 
comparative  figures  for  1913,  1914,  1915  and  1916. 

TABLE     II.— CO.ST     DATA    ON     PURIFICATION. 


Filtration  Data. — Table  1  shows  that  the  greatest  total 
amount  of  wat^T  filtered  during  any  one  year  was  in  1916. 
with  a  total  of  10,719,959,000  gal.,  an  increase  of  1,344,278,- 
000  gal.  over  1915.  The  average  daily  amount  of  water 
filtered  during  1916  was  29,289.500  gal.,  an  increase  of 
3,602,500  gal.  per  day  over  the  1915  average.  The  maxi- 
mum amount  of  water  filtered  during  any  one  month  was 
in  July,  1916,  with  1,203,628,000  gal.  and  the  maximum 
amount    filtered   during  a   24-hour   day   was    58.929,000   gal. 

TARi.K    lir.  — NKW    (■<  p.VSTKft'TION    COST. 


The  average  number  of  filters  in  service  during  1916 
was  15,  as  compared  with  13  In  1915.  The  rate  of  filtra- 
tion was  reduced  to  an  average  of  2,100,000  gal.  per  day 
in  1916  for  each  filter,  or  to  a  rate  of  80.000,000  gal.  per 
aero  of  sand  surface  per  day.  This  would  be  64  per  cent 
of  the  normal  rate  of  filtration  for  which  the  filters  were 
constructed,  125,000,000  gal.  per  acre  per  day.  The  addi- 
tional filters  in  service  during  1916  also  caused  an  increase 
of  20  per  cent  in  the  length  of  filter  runs  and  a  decrease 
of  10  per  cent  In  the  amount  of  wash  water  used  for  1915. 
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Cost  Data  on  Filter  Plant  Operations. — The  amount  of 
alum  used  in  1916,  while  greater  in  total  amount  because 
of  the  greater  amount  of  water  filtered,  was  3.4  per  cent 
less  than  the  amount  used  in  1915,  if  we  consider  the 
number  of  grains  of  alum  per  gallon  of  water  treated.  The 
cost  of  alum  per  1,000,000  gal.  of  water  for  each  of  the 
four  years  was  as  follows:  1913,  $4.66;  1914,  $4.11;  1915, 
$3.47,  and  1916,  $4.25.  The  increased  cost  for  alum  in  1916 
was  due  to  the  European  war,  the  price  of  alum  having 
advanced  approximately  37  per  cent.  A  large  stock  of 
alum  carried  over  from  1915  helped  to  keep  down  the  alum 
co^  for  1916. 

Hypochlorite  of  lime  had  been  used  for  sterilization  from 
the  time  the  filtration  plant  was  put  in  operation  until 
Dec.  6,  1915.  At  that  time  it  was  replaced  by  liquid 
chlorine,  due  to  the  scarcity  and  high  price  of  hypochlorite, 
caused  by   the  war. 

The  cost  for  sterilization  in  1916  was  $0.27  per  1,000,000 
gal.,  as  compared  with  $0.21  in  1915.  If  hypochlorite  had 
been  used  in  1916  the  cost  would  have  been  fully  1,000 
per  cent  greater  for  sterilization,  the  price  of  hypochlorite 
having  advanced  from  $0,015  to  $0.20  maximum  per  pound 
in  1916,.  A  stock  of  5,640  lb.  of  hypochlorite  of  lime  which 
■was    le'ft   over  when   the   liquid    chlorine   treatment   begun 

TABLE    IV.— TYPHOID    FEVER    STATTSTICS. 
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was  sold  by  the  purchasing  department  at  an  average 
price  of  $0,112  per  pound,  a  net  gain  to  the  city  of  ap- 
proximately $0.09  per  pound. 

There  have  been  no  complaints  of  odors  or  tastes  in 
the  filtered  water  due  to  the  sterilizing  agent  since  the 
liquid  chlorine  treatment  was  installed.  The  Wallace  & 
Tiernan  chlorine  machines  have  given  very  satisfactory 
service. 

The  total  cost  per  1,000,000  gal.  for  purification  of  the 
water  was  $9.18  in  1913;  $9.40  in  1914;  $8.38  in  1915,  and 
$8.90  in  1916.  The  cost  for  1916  shows  an  increase  of  6.2 
per  cent  over  that  for  1915,  the  chief  increase  in  unit 
costs  being  for  coagulant  and  sterilizing  agent,  which  ad- 
vanced in  price  in  1916.  There  were  decreases  in  the 
year  from  a  maximum  of  224  parts  per  million  to  a  mini- 
mum of  80  parts. 

The  average  total  hardness  also  has  remained  practically 
the  same.  It  varies  from  248  parts  per  million  to  82  parts 
during  the  year  and  averaged  165  parts  per  million  for 
1916. 

Free  carbonic  acid  in  the  filtered  water  showed  an  aver- 
age of  10  parts  per  million  in  1916  as  compared  with  12 
parts  in  1915  and  18  parts  in  1914  and  1913. 

Typhoid  Fever  Statistics. — Table  IT  contains  typhoid 
fever  statistics  for  Minneapolis  for  the  years  1900  to  1916. 
It  is  interesting  to  note  that  the  typhoid  death  rate  has 
remained  practically  the  same  since  1911,  the  year  follow- 
ing the  installation  of  the  hypochlorite  of  lime  treatment 
of  the  city  water  supply,  until  the  year  1915,  when  it 
dropped  to  7  per  100,000.  In  1916  there  was  a  further  drop 
in  the  typhoid  death  rate  to  4.7  per  100,000,  the  lowest  for 
Minneapolis  of  which  there  is  any  record. 


Experiences  at  Omaha  in  Use  of 
Metalium  for  Pipe  Joints* 

BY  HOMER  V.  KNOUSE, 
Construction  Engineer,  Metropolitan  Water  Di.strict  of  Omaha. 
The  management  of  the  Omaha  water  plant,  some  years 
ago,  began  seeking  a  substitute  for  lead,  and  as  a  result, 
experimented  with  a  metalloidal  composition  or  alloy 
known  as  metalium.  The  advantages  claimed  for  this  ma- 
terial are  the  following: 

1.  Low  co.«t.  To  compete  with  metalium  as  a  joint  filler 
lead  would  have  to  sell  at  approximately  2  to  2%  ct.  per 
pound. 

2.  Low  melting  temperature.  This  is  a  little  more  than 
one-third  that  of  lead,  resulting  not  only  in  a  saving  of 
fuel  but  also  eliminating  all  danger  from  explosion  in  pour- 
ing a  wet  joint. 

3.  A  relatively  high  specific  heat.  This  insures  with 
greater  certainty  the  complete  filling  of  a  joint,  and  en- 
ables joints  to  be  poured  successfully  at  a  considerable  dis- 
tance 'from  the  melting  pot. 

4.  A  low  specific  gravity.  This  is  about  one-fifth  that  of 
lead.  Thus  a  man  can  easily  handle  a  bucket  of  molten 
metalium  sufficient  to  run  a  48-in.  joint. 

5.  No  calking  required.  This  eliminates  the  expense  of 
calkers  and  the  digging  of  bell-holes  and  also  materially 
expedites  the  work  of  installing  pipe  lines. 

6.  The  automatic  closing  of  leaks  developing  in  metalium 
joints.  Initial  leaks  gradually  close  and  those  due  to  sub- 
sequent  settlement  of   pipe   eventually   terminate   likewise. 

After  a  number  of  trials,  it  was  concluded  that  these 
claims  were  substantially  justified,  and  metalium  has  been 
utilized,  to  the  exclusion  of  lead,  in  the  installation  of  all 
pipe  lines  within  the  Metropolitan  Water  District  for  the 
past  four  years  or  more. 

Joints  of  all  sizes  of  pipe  have  been  run,  from  3  in.  to 
48  in.  in  diameter,  and  during  the  period  in  question  in  the 
neighborhood  of  50  miles  of  pipe  lines  have  been  installed 
in  the  Water  District,  subject  to  pressures  as  high  as  115 
lb.,  using  metalium  alone  as  the  jointing  material.  In  the 
care  of  pipe  of  larger  diameters  than  24  in.,  however,  a 
bestolyte  lining  is  inserted  before  the  metalium  is  poured. 

While  metalium  possesses  a  number  of  advantages  over 
lead  as  a  jointing  material,  yet  its  adoption  entails  one  dis- 
advantage that  should  be  realized  and  understood  by  any 
one  contemplating  its  use.  This  disadvantage  consists  in  the 
initial  leakage  that  often  takes  place  in  metalium  joints 
when  the  water  is  first  turned  on.  In  a  lead  joint,  this 
leakage  is  obviated  by  calking,  while  in  the  case  of  a 
metalium  joint,  the  pressure  is  left  on  with  the  result  that 
calking  is  accomplished  automatically,  it  being  simply  a 
matter  of  time.  This  self-calking  is  not  merely  an  acci- 
dental result,  experience  having  demonstrated  it  to  be  pos- 
itive and  certain  in  character. 

Although  this  disadvantage,  therefore,  is  apparent  rather 
than  real,  it  can  readily  constitute  a  real  obstacle  to  the 
adoption  of  metalium  in  the  mind  of  one  contemplating  its 
use,  due  to  the  fear  that  such  inital  leaks  will  not  close. 
However,  experience  soon  dissipates  this  fear  and  begets 
full  confidence,  so  that  ultimately  there  is  no  hesitation  to 
cover  a  pipe  line  as  rapidly  as  joints  are  run,  which  is  un- 
varying practice  in  the  Metropolitan  Water  District. 

The  following  test  illustrates  this  self-calking  quality: 
After  a  newly  laid  pipe  line  was  filled,  the  valves  at  each 
end  were  closed,  and  the  line  supplied  with  water  through 
a  %-in.  meter.  The  first  reading  indicated  a  leakage  of 
1,790  gal.  per  mile  in  24  hours  per  inch  of  diameter  of 
pipe;  two  days  later  this  leakage  was  564  gal.;  five  days 
later  it  was  174  gal.;  one  day  later  139  gal.;  two  days  later 
115  gal.;  three  days  later  85  gal.;  and  at  a  subsequent  read- 
ing of  the  meter,  the  line  was  practically  tight.  In  this 
connection  it  should  be  remembered  that  authorities  are 
not  wanting  that  decree  a  lead  jointed  pipe  line  tight  when 
the  leakage  does  not  exceed  300  gal.  upon  the  same  basis 
of  measurement.  A  mile  of  24in.  pipe,  which  showed  a 
considerable    initial    leakage    when    first    put    into    service. 


•From   .Journal   of   American   Waterworks   Association. 
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was  subxequently  tested  and  found  to  be  praflioally  bolilo 
tight. 

Again,  the  accounting  dcpartinnnt  of  tlie  Moiropolltan 
Wali'r  DIslrirt  affurd.s  monthly  stiileint-nts  of  water  pasr- 
InK  through  all  ci'n.sunier.s'  meters,  and  the.se  .statenient.-< 
show  tnal  more  than  8:?  per  cent  ot  tlie  water  .supplied  to 
the  city  of  Oinnha  (Venturl  meter  measurement)  is  ac- 
counted for  through  such  consumers'  meters,  and  this  not- 
withstanding the  fact  that  there  are  still  about  500  llat-rate 
services  in  '.i.-e  and  some  60O  sewer  (lush  tanks  unnietered. 
The  estimated  water  used  by  these  unnietered  services, 
togpthor  with  that  used  in  building,  for  street  flushing  and 
sprinkling,  the  flushing  of  sewers  and  water  pipe  trenches, 
and  the  water  required  for  fire  service,  is  estimated  at  5 
per  rent,  thus  making  the  total  water  accounted  for  88 
per  cent  of  that  supplied  to  the  District.  When  it  is  re- 
membered that  some  water  systems  cannot  account  for 
more  than  60  per  cent  of  the  water  supplied,  it  suggests 
that  the  mains  of  the  Metropolitan  Water  District  are 
reasonably  tiRht. 

Metalium  is  of  a  dark  greyish  luster,  and  is  supplied  com- 
mercially in  globular  form,  put  up  in  bags  ot  100  lbs. 
each.  In  use,  it  is  melted  and  poured  just  as  in  the  case 
of  lead.  However,  while  the  temperature  of  molten  lead 
when  poured  is  immaterial,  in  the  case  of  metalium  the 
temperature  is  important;  it  must  not  be  too  hot.  It  is  not 
dilltriill  to  tell  when  metalium  is  ready  to  pour,  as  it  is 
then  a  thin,  nearly  black,  oily  appearing  liquid.  If  too 
hot,  molten  metalium  is  inclined  to  thicken  and  does  not 
pour  readily.  The  difficulty  of  firing  the  ordinary  lead 
furnace  so  as  lo  limit  the  temperature  renders  it  unsuit- 
able for  metalium.  However,  if  the  grate  area  of  such 
a  furnnce  is  choked  down  with  fire  brick  and  clay  so  as  to 
leave  the  open  surface  but  8  in.  in  diameter,  such  a  fur- 
nace can  be  utilized.  But  the  best  plan  is  lo  secure  the 
specially  designed  metalium  furnace,  as  it  is  light,  cheap, 
and  admirably  arranged  for  temperature  control.  It  is 
surprising  the  :-mall  amount  of  fuel  required — either  coal 
or  wood.  In  the  Water  District  work  old  discarded  lumber 
is  chopped  up  for  this  purpose. 

Furnaces  using  oil  or  gasoline  are  also  satisfactory  but 
are  iitflcult  to  keep  going  in  a  high  wind.  It  is  very  im- 
portant that  the  bell  and  spigot  of  the  joint  to  be  run 
sho'ild  be  thoroughly  clean  and  free  from  oil  or  grease. 
For  this  reason  unoiled  jute  yarn,  only,  should  be  used  for 
packing.  Tarred  yam  or  yarn  that  is  not  free  from  oil  or 
grease  must  be  avoided.  As  a  matter  of  fact,  practically 
all  initial  joint  leakage  can  be  obviated  if  particular  care 
is  exercised  in  cleaning  and  keeping  clean,  each  bell  and 
spigot,  using  a  putty  knife  to  remove  all  lumps  and  blisters 
in  the  pipe  coating.  One  of  the  Water  District's  most  suc- 
cessful foremen  does  this,  and  after  the  joint  is  yarned,  he 
inserts  a  loose  .'■■trand  of  yarn  so  as  to  keep  the  joint  free 
from  dirt  until  poured,  a  practice  that  will  be  found  highly 
profitable  in  connection  with  lead  joints. 

Any  form  of  joint  runner  can  be  utilized,  smearing  it 
with  wet  clay  before  placing  it  around  the  pipe.  The 
gate  must  be  made  larger  than  for  lead  and  should  be  at 
least  6  to  8  in.  high  above  the  spigot.  In  the  Metropolitan 
Water  District  work,  clay  is  the  material  used  for  making 
gates  in  jointing  pipe.  In  this  connection,  a  round  wooden 
gate  peg  is  very  useful.  This  peg  is  conical  in  form,  10 
in.  long,  2  in.  in  diameter  at  the  bottom,  and  :i  in.  at  the 
top.  The  bottom  of  the  peg  is  inserted  between  the  ends 
of  the  joint  runner  where  they  come  together  to  form  the 
gate,  then  clay  is  built  up  about  this  peg,  which  is  then 
turned  around  once  or  twice  and  withdrawn  leaving  a 
well   formed   gate  of  the   right   height. 

The  metalium  gate  buttons  can  be  remelted,  but  it  Is 
important  that  they  should  be  thoroughly  cleansed  and 
broken  up  before  being  put  back  in  the  melting  pot. 

From  the  foregoing.  It  is  evident  that  the  technique  of 
this  jointing  material  is  simple,  and  it  can  be  easily  mas- 
tered by  the  ordinary  workman:  moreover,  when  faithfully 
carried  out,  it  will  afford  highly  satisfactory  results.  How- 
ever, it  should  be  remembered  by  those  contemplating  the 
use  of  metalium,  that  they  will  arouse  the  resentment  of 
the  calkers,  for  the  very  good  reason  that  the  adoption  of 


this  material  means  their  practical  elimination.  This  was 
the  experience  in  Omaha.  Every  calker  at  once  insisted 
that  metalium  was  a  failure,  and  tried  to  make  it  a  failure, 
even  going  so  far  as  lo  throw  din  surreptitiously  into  the 
joints  ready  to  pour.  Failing  in  this,  they  sent  their  friends 
to  the  Water  Board  with  warnings  as- to  the  dangerous 
innovation  that  was  being  attempted.  All  this,  now,  of 
course,  is  past  and  gone,  so  far  as  the  .Metropolitan  Water 
District  work  is  concerned,  but  others  attempting  lo  use 
this  material  will  probably  meet  with  the  same  experience, 
as  human  nature  Is  the  same  the  world  over. 


Sleeve  Spacer  Facilitates  Repair  of  Large 
Water  Mains 

In  repairing  mains  10  in.  in  diameter  and  larger,  where 
such  work  necessitates  the  employment  of  a  sleeve,  the 
Water  Division  of  St.  Louis,  Mo.,  has  found  it  expedient  to 
employ  a  special  device  known  as  a  sleeve  spacer.  This 
device,   developed    by   a    local   street   sei^ice   foreman,   has 
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Details  of  Sleeve  Spacer, 
proved  of  great  value  in  such  work.  The  spacer  is  a  sort 
of  turn-buckle  affair,  which  is  slipped  into  position  and 
tightened,  so  as  to  prevent  movement  of  pipe  when  the 
sleeve  is  slipped  into  place,  but  it  serves  an  ideal  purpose 
in  spacing  the  sleeve  so  that  an  even  joint  can  be  run 
around  the  pipe  circumference.  Usually  four  of  these 
spacers  are  employed  in  the  repair  of  mains  30  in.  in  di- 
ameter and  larger.  It  is  particularly  useful  where  repairs 
are  made  in  close  proximity  to  a  valve  and  its  subsequent 


ww/mm. 


Method  of  Pi.icinfl  Sp.icer. 
closing  with  its  large  pressure  surface  may  cause  a  creep- 
ing of  pipe  at  the  sp;ice  where  sleeve  has  been  employed. 
We  are  indebted  lo  William  A.  Foley,  Principal  Assist- 
ant Kngineer,  Distribution  Section,  for  the  accompanyins 
drawings   and   Information. 
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Methods    of    Locating    Leaks    in 
Underground    Pipes* 

By  DAVID  A.  HEFFERNAN. 
Superintendent  of  Waterworks,  Milton,  Mass. 

There  are  several  method.s  for  locating  leaks.  The  old- 
fashioned  test-pit  scheme  is  as  good  as  any,  provided  that 
the  system  is  well  equipped  with  gates.  The  test-pit  is 
nothing  more  than  a  manhole  of  convenient  size  built 
around  a  valve.  On  either  side  of  the  gate  and  within  the 
manhole  taps  are  made  and  corporations  inserted.  This 
furnishes  the  foundation  for  a  by-pass  around  the  gate.  In 
the  by-pass  a  meter  is  set,  its  size  dependent  on  the  con- 
sumption of  the  district  to  be  tested.  If  the  section  is  a 
large  one  necessitating  larger  than  a  2-in.  meter,  it  is  well 
to  make  a  supplementary  by-pass  with  smaller  meter 
around  the  large  one. 

The  section  to  be  tested  should  be  carefully  laid  out,  all 
gates  located  beforehand  to  eliminate  delay  and  tested  for 
tightness.  The  test  for  a  leaky  valve  is  simple.  Close  the 
gates  to  be  tested  and  open  a  hydrant  on  the  line  between, 
removing  the  suction  cap.  Then  open  one  valve  slightly 
until  the  water  in  the  hydrant  rises  to  the  level  of  the  suc- 
tion nozzle  and  just  flows  out.  Then  close  the  valve  again. 
If  the  water  continues  to  flow  out,  one  of  the  valves  must 
be  leaking.  Of  course,  for  a  few  minutes,  the  flow  might  be 
from  the  houses  in  the  district.  But  this  should  stop 
shortly.  If  the  level  o'f  the  water  lowers,  it  shows  a  leak 
somewhere  in  the  cut-off  section  below  the  level  of  the 
iydrant  nozzle;  but  it  would  indicate  a  good-sized  leak  as 
the  open  hydrant  removes  all  pressure  from  the  line.  Aqua- 
phones  may  be  used  on  each  gate  as  further  tests  of  tight- 
ness. The  best  hours  for  the  actual  testing  are  from  1  to  4 
a.  m.  when  the  flow  is  less  than  at  any  other  period  of  the 
24  hours. 

If  all  the  gates  are  tight,  it  is  evident  that  no  water  can 
enter  the  section  so  cut  off  unless  it  passes  through  the 
meter  on  the  by-pass.  If  readings  are  taken  at  set  inter- 
vals and  gate  by  gate  the  area  of  the  section  covered  by 
each  test-pit  lessened,  it  can  be  seen  with  ease  that  the 
leak  will  be  discovered  to  be  between  a  certain  pair  of 
valves.  After  its  general  location  has  been  determined,  in 
this  manner,  the  exact  point  where  the  water  is  escaping 
may  be  found  by  looking  for  any  luxuriant  growth  of  veg- 
etation bv  the  side  of  the  road,  by  the  dampness  on  the 
surface  of  the  street,  by  driving  down  a  bar  and  noticing 
any  moisture  on  removing  it,  by  means  of  an  instrument 
magnifying  the  hissing  sound  of  escaping  water  or  by  usmg 
any  other  convenient  method.  In  this  manner  a  whole  city 
or  town  may  be  covered. 

The  instrument  just  mentioned  is  contained  in  a  small, 
light  box.  A  small  4-leg  brass  table  is  set  on  the  ground 
over  the  pipe  in  the  vicinity  of  where  the  leak  is  supposed 
to  be  The  box  has  a  raised  bottom  so  that  it  may  be 
placed  'over  the  table  to  keep  out  foreign  noises.  On  the 
table  is  a  microphone-detector  with  wire  connection  to  an 
amplifier  battery  contained  in  the  box.  Very  sensitive  ear- 
receivers  are  wired  to  the  battery.  When  the  instrument 
transmits  a  rushing  noise  to  the  ears  it  is  evidence  that  the 
leak  is  close  at  hand.  The  affair  is  set  at  different  points 
along  the  pipe  line  until  the  point  where  the  noise  is  loudest 
is  reached  The  leak  will  be  found  directly  under  this  spot. 
Used  in  connection  with  .a  wireless  pipe  locator  it  will  be 
found  to  be  satisfactory. 

The  beauty  of  the  test-pit  method  is  that  it  is  permanent; 
the  pits  are  always  ready  in  time  of  need.  If  it  is  not  de- 
sired to  construct  the  manholes,  the  same  results  may  be 
obtained  by  connecting  two  hydrants  with  fire  hose,  one 
hydrant  being  inside  the  district  and  the  other  outside  the 
district  to  be  tested.  ^. 

Another  method,  quite  as  accurate,  is  the  use  of  the  pitom- 
eter  There  are  also  the  caustic  soda  method,  and  a  spe- 
cial "device  which  makes  use  of  water  hammer.  This  works 
on  the  principle  that  the  sudden  closing  of  a  valve  produces 
an  impulse  which  travels  through  the  water  in  a  wave,  de- 

"^om    a   paper   presented    Sept.    10   before    the   New    England 
Waterworks  Association. 


creasing  in  intensity  in  passing  an  opening  in  the  pipe.  It 
is  claimed  that  the  relative  distances  from  the  instrument 
to  the  break  and  to  the  suddenly  closed  valve  is  readily  de- 
termined. 


How  Priority  Orders  May  Be  Ob- 
tained by  Public  Utilities 

MunicipaliLies  and  public  utility  companies  are  experi- 
encing much  difhculty  in  securing  materials  for  operation, 
maintenance  and  new  construction.  The  general  policies 
of  the  administration  regarding  this  situation  is  outlined 
as  follows  in  the  September  Journal  of  the  American 
Waterworks  Association: 

Cities  and  utility  companies  must  remember  that  when 
President  Wilson  told  us  to  "give  until  it  hurt,"  in  order 
to  bring  the  war  to  the  earliest  possible  completion,  his 
appeal  was  to  communities  and  corporations  as  well  as 
to  individuals.  The  general  policies  which  are  rapidly  go- 
ing into  effect  in  Washington  are  based  on  this  thought, 
that  communities  must  give  their  aid  by  deferring  to  a 
later  day  all  unessential  work.  The  difficulty  is  to  deter- 
mine what  is  essential  and  what  unessential,  but  the  War 
Industries  Board  has  made  enough  rulings  to  throw  light 
on  its  position  in  regard  to  the  prosecution  of  various 
classes   of   work. 

In  maintenance  and  repair  work,  necessary  for  the  up- 
keep of  plants  furnishing  essential  service  to  communities, 
the  War  Industries  Board  grants  every  assistance  in  its 
power.  It  cannot  accomplish  an  impossible  task,  however. 
There  are  some  sections  of  the  country  where  important 
war  time  orders  call  for  every  barrel  of  cement  that  can 
be  furnished  by  mills  normally  supplying  that  district,  and 
the  United  States  Railroad  Administration  does  not  favor 
shipments  from  abnormal  sources  of  supply  for  a  district. 
Every  pound  of  steel  that  can  be  turned  out  of  our  fur- 
naces is  needed  for  war-time  purposes,  just  now.  Not  long 
ago  a  branch  of  the  War  Department  was  so  hampered  by 
lat-k  of  steel  that  it  sent  out  representatives  to  comb  the 
jobbers'  stocks  and  blacksmith  supply  "houses  in  a  large 
spction.  Pig  iron  is  needed  for  many  war  purposes  the 
rivilian  knows  nothing  about.  In  some  sections  north  of 
the  Potomac  and  Ohio  and  east  of  Indiana,  the  railroad 
congestion  is  so  severe  that  important  branches  of  the 
Government  are  placing  no  orders  there  for  the  present. 
In  =hort,  the  Government  is  experiencing  gi'eat  difficulty 
in  securing  materials  to  win  the  war,  and  consequently 
the  managers  of  water  works  must  not  expect  anything 
else. 

While  there  is  a  general  agreement  that  existing  public 
utilities  should  he  maintained  in  an  efficient  condition, 
there  is  verv  little  nrobability  that  new  construction  will 
be  possible.'  A  suburb  which  has  gone  without  water 
mains  or  sewers  until  now  can  probably  go  without  them 
a  year  or  so  longer.  A  water  plant  which  has  been  fur- 
nishing unfiltered  water  for  some  years  probably  cannot 
make  an  effective  plea  before  the  Washington  authorities 
that  an  unsanitary  condition  exists  which  demands  im- 
mediate relief.  A  water  department  in  a  city  where  the 
-rowth  has  been  only  normal  will  probably  experience 
much  difficulty  in  securing  materials  for  new  dams  or 
pumping  stations,  for  the  federal  administration  is  not 
hesitating  to  put  the  country  on  short  rations  even  of 
essentials  in  order  to  back  most  effectively  our  lads  on 
the  battle  grounds  and  high  seas.  Everybody  agrees  that 
water  of  unquestionable  purity  and  ample  quantity  is  most 
desirable  but  our  soldiers  and  sailors  are  sometimes  go- 
ing without  it  and  we  can  learn,  as  they  do,  to  be  care- 
ful of  what  we  have.  „t*^,v,nt 
In  short  then,  no  water  works  manager  should  attempt 
to  obtain  materials  which  are  not  absolutely  necessary  to 
maintain  his  plant  in  its  present  condition,  ""'^^^  ^he  n^w 
extensions  are  absolutely  necessary  for  war-time  indus 
tries  Every  dav  thousands  of  letters  praying  for  relief 
of  one  kind  or  another  reach  Washington,  and  the  c laini 
made  for  the  relief  is  that  the  community  or  the  district 
Is  engaged  in  war  work  very  largely.     Such  petitions  are 
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never  grnnled,  for  generalities  are  not  accepted  as  evi- 
dence in  Washington.  Every  applicallon  for  relief  must 
be  accompanied  by  positive  i)roof  that  If  the  application 
Is  not  granted  the  active  prosecution  of  the  war  will  be 
checked,  a  heavy  previous  investment  will  be  seriously 
impaired,  the  health  of  a  large  number  of  people  who  can- 
not be  moved  elsewhere  will  undoubtedly  be  placed  In 
grave  danger,  or  a  large  flnanclal  loss  and  great  Incon- 
venience to  many  persons  will  arise  from  stopping  con- 
struction undertaken  before  the  beginning  of  the  current 
year. 

In  each  case  It  Is  absolutely  necessary  to  explain  what 
alternative  remedies  have  been  considered  and  why  they 
have  been  deemed  inferior  to  that  requested.  The  statement 
that  larger  mains  must  be  laid  to  meet  the  needs  of  a 
growing  population  In  any  section  of  a  city  Is  worthless 
as  an  argument  at  Washington.  There  should  be  a  map 
of  the  section  of  the  city,  showing  the  location  and  size 
of  the  mains  serving  it.  records  of  the  water  pressure  at 
different  points  if  this  is  important,  a  statement  of  the 
number  of  consumers,  and  an  explanatiqp  of  what  the 
water  department  is  doing  to  prevent  water  waste.  In 
short,  there  must  be  just  as  complete  a  technical  and  ad- 
ministrative demonstration  of  the  soundness  of  the  appeal 
as  a  bank  demands  when  it  receives  an  application  for  a 
loan.  This  application  should  be  sent  to  the  Priorities 
Division,  War  Industries  Board,  Washington.  Do  not  send 
a  delegation  or  even  a  single  representative  and  above  all 
do  not  ask  a  member  of  Congress  to  help,  for  he  cannot 
do  anything  that  a  proper  application  by  mail  will  not 
accomplish  better  and  more  quickly.  Applications  for  re- 
lief should  be  made  out  on  forms  which  can  be  obtained 
from  the  Priorities  Division,  with  instructions  regarding 
their  use. 


Methods  of  Handling  Frazil  Ice  at 
Hydro-Electric  Plants 

Useful  suggestions  for  handling  ice  troubles  at  electric 
plants  are  given  by  Mr.  J.  A.  Walls  in  a  bulletin  of  the 
National  Electric  Light  Association.  An  abstract  of  the 
article    follows: 

The  method  of  reducing  or  eliminating  service  troubles 
from  frazil  or  anchor  ice  that  enters  power  house  intakes 
requires  two  steps:  one  aiming  at  an  early  diagnosis  of  a 
probable  or  imminent  ice  attack,  and  the  other  comprising 
nil  action  taken  to  put  the  plant  equipment  and  the  whole 
operating  system  in  the  best  .shape  to  meet  the  attack,  and 
also  to  free  the  plant  of  ice  that  has  actually  formed  on 
important  parts  of  the  equipment,  notwithstanding  all 
preoauiions. 

Early  Diagnosis  of  Impending  Ice  Attack  Important — 
When  frazil  ice  actually  passes  through  the  plant  there 
are  so  many  things  to  be  looked  after  constantly  that  the 
half-hour  or  so  that  may  be  gained  by  a  fore-knowledge  of 
the  incipient  st.ige  of  ice  formation  is  most  valuable  for 
getting  everything  ir.  readiness,  including,  of  course,  the 
human  element.  If,  in  a  frazil  ice  attack  the  ice  is  once 
allowed  to  accumulate  beyond  a  certain  point,  the  battle  is 
lost.     Early  diagnosis  is  most  Important. 

A  thorough  understanding  of  the  nature  of  frazil  and 
anchor  ice.  and  of  the  atmospheric  conditions  (differing  in 
various  climates)  that  favor  such  ice  formation  and  deter- 
mine the  lime  of  onset  of  ice  dilliculties,  should  be  dissem- 
inated among  all   members   of  the  operating   force. 

Frazil  ice  is  formed  during  cold  weather  and  high  winds 
in  the  absence  of  any  protective  ice  coating  on  the  lake. 
Under  such  conditions  the  water  becomes  super-chilled. 
Ice  needles  then  appear  and  by  slicking  to  the  racks  or 
turbine  parts  choke  off  the  water  from  the  turbines  or  pre- 
vent the  operation  of  the  turbine  gates.  Ice  thus  formed 
persists  in  the  lake  until  a  rise  in  temperature  of  the  water 
(due  generally  to  sunshine)  and  a  decrease  in  the  winds 
result  in  melting  the  needles  or  allow  them  to  form  a  sur- 
face sheet  of  ice.  Dull  and  windy  days  with  little  prospect 
of  the  sun's   rays   piercing  through   the   cloudy   sky   aggra- 


vate the  dKllcullies.  At  the  Holtwood  plant  frazil  and 
anchor  ice  have  never  formed  when  the  storage  pond 
(reaching  about  8  miles  up-stream  and  bounded  at  the 
head  by  rapids)  was  covered  by  a  ptrotective  Ice  coating, 
but  they  are  to  be  expected  at  the  beginning  of  the  first 
cold  spell  In  winter,  before  the  protective  Ice  coating  on 
the  lake  has  formed,  or  during  the  winter  or  towards  spring 
after  a  run  of  up-river  ice  or  thaw  has  carried  out  the  lake 
ice  and  before  a  renewed  cold  spell  produces  another  pro- 
tective coating. 

Anchor  ice  Is  formed  when  there  is  no  ice  covering  on  the 
lake,  or  only  a  thin  sheet  of  clear  ice,  on  a  cold  night,  when 
the  sky  is  clear.  The  anchor  ice  then  forms  on  the  bed  of 
the  river  and  is  detached  therefrom  in  huge  masses  of 
slush-like  material  when  the  water  temperature  Is  slightly 
raised,  usually  a  little  after  sunrise. 

Methods  of  Detecting  Onset  of  Frazil  Ice. — Assuming  the 
existence  of  conditions  favoring  an  on-set  of  frazil  or 
ground  Ice,  the  operators  watch  for  its  appearance.  The 
specific  means  of  early  detection  employed  are  as  follows: 

A  test  chain,  immersed  in  the  flowing  water  of  the  fore- 
bay,  is  examined  every  half  hour  or  at  more  frequent  In- 
'ervals  for  evidences  of  ice. 

A  graphic  thermometer  with  a  large  scale  around  the 
zero  point  records  the  temperature  of  the  water.  Frazil 
or  anchor  ice  cannot  form  until  the  water  reaches  freezing 
temperature. 

Frazil  ice  forms  easily  on  metal  exposed  to  flowing  water, 
particularly  on  fine  screens.  One  of  the  auxiliaries  at  the 
Holtwood  plant  is  a  50-hp.  turbine  that  receives  its  water 
through  a  14-in.  penstock,  protected  by  a  fine-mesh  iron 
screen.  This  turbine  drives  a  plunger  pump  through  gear 
reduction.  The  intake  screen  invariably  becomes  choked 
with  ice  long  before  any  other  apparatus  in  the  power  house 
shows  signs  of  ice.  The  turbine-driven  pump  at  first  slows 
down  and  sometimes  comes  to  a  sudden  stop.  Sometimes  a 
rumbling  noise  in  the  turbine  casing  accompanies  the  de- 
crease in  speed.  Whenever  atmospheric  and  other  con- 
ditions look  favorable  for  ice  formation  this  turbine  driven 
pump  is  operated  continuously  at  a  fixed  valve  opening, 
and  as  it  is  placed  in  the  pump  tunnel  within  hearing  dis- 
tance of  an  operating  attendant,  it  serves,  through  the 
variation  of  the  gear  noise  with  the  speed,  as  an  acoustic 
signal  for  the  indication  of  imminent  ice  trouble. 

Protecting  Features. — Naturally,  a  plant  can  be  protected 
more  effectively  from  operating  difliculties  due  to  ice  when 
this  object  has  been  kept  in  view  from  the  start.  Some  of 
the.se  protective  features  to  be  considered  in  the  original 
design  of  a  plant  are  as  follows: 

Enclosure  of  ^'ate  house  and  provision  for  heating  it.  such 
as  letting  the  warm  air  of  the  generator  room  enter  it  or 
in  high-head  plants  by  heating  it  artificially.  In  case  this 
is  done  by  electric  heaters  the  amount  of  energy  required 
ic  relatively  small  if  proper  provision  is  made  for  circu- 
lating always  the  same  air  and  directing  it  into  the  head 
gate  channels  and  above  the  screens,  where  the  warming 
of  half  submerged  metal  parts  is  mos^t  effective.  Depend- 
ing on  the  number  of  screens,  correspondingly  quick  means 
of  removing  them  on  short  notice  should  be  provided; 
quick  lowering  of  head  gates  should  be  insured  under  all 
conditions. 

Frazil  ice  chokes  up  at  first  the  small  spaced  openings 
of  screens  and  then  the  guide  vanes  or  runners  of  the 
smaller  water  wheels.  None  of  the  important  auxiliaries, 
therefore,  should  depend  solely  on  water-wheel  drive.  This 
refers  to  the  small  water  wheels  that  are  used  for  driving 
exciters,  governor  or  hand-control  pumps,  and  other  station 
service  apparatus.  Sulllcient  spare  capacity  must  be  pro- 
vided by  alternating-current  driven  exciters  or  under  se- 
vere conditions  even  by  separate  steam  or  gasoline  prime 
movers,  always  to  insure  station  light  and  power  for  the 
operation  of  cranes,  lubricating  pumps,  governor  auxil- 
iaries, air  compressors,  etc.  An  emergency  storage  battery 
Is  highly  desirable  to  tide  over  any  temporary  trouble  with 
the   alternating-current  or   turbine-driven   exciters. 

That  type  of  turbine  installation  exposing  metal  surfaces 
to  the  warm  air  on  one  side  and  to  the  ice-bearing  water 
on    the    other   side.    Is    better   suited    to   withstand    a   long 
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ice  run  without  appreciable  reduction  of  capacity,  than  the 
type  of  turbine  installation  where  the  turbine  parts  are 
pretty  thoroughly  heat  insulated  from  the  warmer  portions 
of  the  power  house,  i.  e.,  where,  for  instance,  the  turbine 
parts  are  set  in  concrete  pits  and  have  only  a  small  heat 
conduction  cross-section  connecting  the  submerged  turbine 
parts  to  the  warm  air  of  the  power  house.  In  any  event, 
conditions  can  be  still  further  improved  if  hot  air  taken 
either  at  the  top  of  the  generator  room,  or  artificially  pro- 
duced, is  directed  by  a  blower,  or  by  a  natural  ventilation 
as  close  as  possible  to  the  water  exposed  parts  of  the  tur- 
bine installation. 

Notwithstanding  all  precautions,  it  may  be  possible  that 
a  water  wheel  is  rendered  inoperative  by  the  accumula- 
tion of  ice  in  the  runners,  in  guide  vanes,  or  around  the 
operating  mechanism,  which  may  be  rendered  immovable 
by  the  freezing  of  a  solid  mass  of  ice  around  it.  In  the 
natural  course  it  would  probably  be  many  hours  or  several 
days  before  such  a  disabled  unit  could  free  itself  from 
ice,  and  only  the  introduction  of  outside  heat  would  bring 
it  back  to  service  in  a  reasonably  short  time.  It  would  be 
bad  practice  to  permit  a  unit  to  freeze  to  such  an  extent 
that  its  output  is  reduced  to  almost  nothing,  aside  from 
the  great  danger  of  a  "runaway"  if  it  should  get  beyond 
control.  The  thawing  out  of  the  ice  will  take  a  dispropor- 
tionately longer  time  than  the  possible  benefit  obtained  in 
this  case  by  the  continued  hanging  on  of  the  unit  to  the 
load  at  a  gradtially  reducing  output.  It  is  much  easier  to 
restore  to  service  a  unit  that  has  suffered  only  a  moderate 
accumulation  of  ice  and  that  can  be  freed  comparatively 
quickly  by  the  application  of  steam.  Depending  on  the 
climate  and  on  the  nature  of  the  turbine  installation,  more 
or  less  extensive  provision  should  be  made  for  admitting 
heat,  preferably  in  the  form  of  steam,  to  the  interior  of  the 
turbines.  If  such  provisions  are  made  from  the  beginning, 
little  valuable  time  is  lost  in  the  getting  up  of  steam  and 
admitting  it  to  the  turbine  pits  in  advance  of  the  actual  ice 
trouble  during  the  early  morning  hours  when  the  load,  in 
most  plants,  is  below  the  station  capacity.  The  switching 
over  of  steam  from  one  unit  to  another  can  be  done  quickly 
during  the  actual  ice  run. 

It  would  be  interesting  to  determine  the  benefit  derived 
from  providing  heat  by  steam  jackets  around  guide  vanes 
and  above  runners  and  other  vital  points. 


Savannah,  Ga.,  increased  its  rates  to  all  water  consumers. 

Toronto,  Canada,  increased  its  rates  10  per  cent  in  1917, 
and  an  additional  increase  of  25  per  cent  became  effective 
in  the  early  part  of  this  year. 


Increase  of  Waterworks  Operating  Ex- 
penses and  Readjustment  of  Rates 

Information  on  operating  expenses  and  rate  increases  of 
some  of  the  leading  water  plants  of  this  country  was  col- 
lected last  spring  by  Mr.  F.  C.  Jordan,  secretary  of  the 
Indianapolis  Water  Co.  Replies  to  his  letter  of  inquiry 
received  up  to  June  10  last  showed  an  average  increase  of 
29  per  cent  in  operating  expenses  during  the  previous  six 
months  over  the  normal  pre-war  operating  expenses.  This 
was  the  average  for  32  plants.  The  highest  increase  (50 
per  cent)  reported  was  that  of  Jamestown,  N.  Y.  The  low- 
est (15  per  cent)  was  at  Peoria,  111. 

Action  during  the  past  year  or  so  regarding  water  rates 
was  reported  as  follows: 

Atlanta,  Ga.,  reduced  its  discount  for  prompt  payment 
from  25  to  10  per  cent. 

Cincinnati,  O..  increased  its  rates  25  per  cent,  this  in- 
crease affecting  all  water  consumers. 

Dayton,  O.,  increased  its  annual  minimum  on  %-in.  meters 
from  $4.40  to  $6.60.  This  amount  covers  a  quarterly  con- 
sumption of  1000  ft.  in  addition  to  the  meter  rental. 

Flint,  Mich.,  increased  the  rate  to  its  large  consumers 
from  5  ct.  per  thousand  gallons  to  8  ct. 

Brockton,  Mass.,  increased  its  rates  to  all  consumers. 

Philadelphia,  Pa.,  increased  its  metered  water  rates  30 
per  cent. 

Richmond,  Va.,  increased  its  rates  to  large  consumers 
from  3%  ct.  per  1,000  gal.  to  5  ct. 

Detroit,  Mich.,  put  into  effect  an  increase  covering  all 
consumers,  and  is  now  considering  an  additional  increase. 

Toledo^  O.,  increased  its  water  rates  on  Oct.  12,  1916,  and 
is  now  figuring  on  another  increase. 


Levee  Construction  for  Drainage 
Districts 

Interesting  information  on  design  and  construction  fea- 
tures of  levees  for  drainage  districts  are  given  by  Mr. 
Charles  W.  Okey,  Senior  Drainage  Engineer,  U.  S.  Office 
of  Public  Roads  and  Rural  Engineering,  in  a  bulletin,  "The 
Wet  Lands  of  Southern  Louisiana  and  Their  Drainage,"  is- 
sued recently  by  the  U.  S.  Department  of  Agi-iculture.  The 
following  notes  are  abstracted  from  the  bulletin: 

The  location  of  a  levee  influences  its  design,  construc- 
tion, and  maintenance,  as  well  as  its  usefulness  to  the  dis- 
trict. Unlike  levees  along  our  rivers,  those  along  the 
average  reclamation  district  in  this  section  have  not  been 
located  according  to  the  topographic  conditions,  but  rather 
according  to  property  or  land  lines.  This  has  usually  re- 
sulted in  regularly  shaped  districts  and  minimum  length 
of  levee  for  area  inclosed;  but  the  cost  of  construction  and 
maintenance  per  unit  of  length  has  often  been  much  greater 
than  if  some  attention  had  been  paid  to  topography. 
Throughout  most  of  the  wet  prairie  there  are  winding 
bayous  that  have  along  them  solid  ridges  of  silt  that  aver- 
age from  1%  to  2  ft.  above  general  ground  surface.  In 
other  places  the  bayous  are  filled  in  entirely,  and  there 
liave  been  left  ridges  of  silt  having  widths  of  from  200  to 
perhaps  1,200  ft.,  with  the  usual  elevation  of  2  ft.  If  the 
levee  be  located  on  a  solid  ridge,  the  material  will  be  more 
stable  and  impervious  and  the  levee  can  be  made  of  less 
cross-sectional  area  than  would  be  necessary  if  it  were  lo- 
cated in  the  soft  prairie.  Construction,  also,  will  be  easier 
and  cheaper  and  the  expense  of  maintenance  much  less. 
Where  levees  are  to  be  built  to  protect  areas  of  marsh  land 
on  the  immediate  coast  line,  a  strip  of  land  at  least  a  quar- 
ter of  a  mile  wide  should  be  left  as  a  foreshore  to  break 
the  force  of  the  wave.  Where  the  exposure  is  particularly 
great,  this  strip  of  land  should  be  wider. 

If  the  levee  be  located  on  firm  land  and  the  land  outside 
the  levee  never  is  flooded  for  more  than  a  few  days,  it  will, 
in  some  cases,  be  advisable  to  dig  the  canal  from  which  ma- 
terial is  taken  for  the  levee  on  the  inside  of  the  district 
and  to  utilize  this  canal  as  a  drainage  channel.  In  such 
cases  the  berm  should  be  especially  wide,  at  least  20  ft.  In 
general,  this  type  of  construction  is  not  recommended.  If 
the  levee  canal  be  placed  on  the  outside  of  the  district  it 
can  be  utilized  for  navigation. 

Local  Conditions  Influence  Design. — The  design  of  the 
levee  will  depend  largely  on  local  conditions.  Its  top  should 
be  from  2  to  4  ft.  above  the  highest  stages  of  water  in  the 
surrounding  lakes  and  bayous,  depending  on  the  area  of 
land  protected  and  the  probability  of  previous  high-water 
marks  being  exceeded.  M'here  the  water  to  be  kept  out  is 
due  to  storm  tides  in  the  Gulf,  the  height  of  the  levee 
should  be  determined  only  after  very  careful  investigation 
of  all  surrounding  conditions  has  been  made  and  the  prob- 
able highest  stage  estimated.  If  the  levee  is  located  in  an 
exposed  locality  its  top  should  be  about  4  ft.  above  the 
estimated  highest  water.  A  minimum  height  of.  about  4 
ft.  should  be  used  through  the  soft  prairie  section,  as  any- 
thing less  is  not  likely  to  prevent  seepage  satisfactorily; 
for  when  located  on  a  ridge  the  water  will  stand  against 
a  levee  only  for  short  periods,  while  if  located  in  a  soft 
prairie  the  water  will  be  in  continuous  contact  with  the 
lower  foot  or  two  of  the  levee.  In  places  exposed  to  strong 
wave  action,  the  height  should  be  sufficient  to  provide  for 
the  break  of  the  waves:  in  addition,  some  provision  should 
be  made  for  protecting  the  levees  from  their  erosive  action. 
This  protection  could  be  secured  by  planting  willows  some 
distance  in  front  of  the  levee. 

Where  the  levee  is  located  on  a  ridge  the  top  width  may 
safely  be  made  4  ft.,  with  side  slopes  2  to  1.  A  levee  of 
this  type  is  often  built  with  wheelbarrows,  and  although  the 
unit  cost  for  this  method  is  quite  high,  being  about  18  ct. 
per  cubic  yard,  the  total  cost  is  considerably  less  than  if 
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the  work  were  done  with  the  u^tual  lloiitiiif:  dredge.  Yard 
for  yard,  the  dredge  would,  of  course,  handle  the  material 
much  cheaper,  but  the  excavation  would  be  more  than 
would  be  necessary  for  the  levee.  This  objection  would  be 
overcome  if  the  dredge  were  building;  a  levee  along  the 
banl(  of  a  bayou  of  suHicient  depth  to  float  the  machine,  or 
if  a  reservoir  canal  were  being  excavated  within  the  dis- 
trict, the  waste  bank  to  be  used  as  a  levee. 

Where  the  levee  is  located  in  the  soft  prairie  the  top 
width  should  average  about  6  ft.  The  slopes  should  be 
about  3  to  1;  in  fact,  if  the  material  is  very  soft  it  will  not 
take  a  much  steeper  sloi)e  than  this  durini;  construction. 
As  the  material  always  becomes  more  stable  after  being 
placed  in  the  levee,  no  trouble  should  be  expected  from 
slides  after  it  begins  to  dry  in  place. 

The  berm  along  the  base  should  be  at  least  1,0  ft.  wide. 
Where  the  soil  is  exceptionally  soft  this  should  be  made  as 
much  wider  as  practicable,  at  least  20  ft.  The  width  of 
berm  will  of  course  depend  somewhat  upon  the  nature  of 
the  machinery  used  in  construction. 

Construction  Methods. — Some  type  of  floating  dredge 
should  be  used  in  the  construction  of  most  levees.  In  heav- 
ily timbered  sections,  or  where  old  submerged  stumps  are 
numerous,  the  dipper  dredge  will  work  to  the  best  advan- 
tage; but  in  the  open,  grass-covered  prairie,  the  orange-peel- 
bucket  dredge  has  many  advantages.  Owing  to  the  longer 
boom  and  narrower  hull,  the  latter  type  of  dredge  is  able  to 
leave  a  wider  berm  along  the  toe  of  the  levee.  .  It  also  is 
better  able  to  sort  the  material  placed  in  the  base  of  the 
levee;  for  the  top  layer  of  muck  can  first  be  taken  out  of 
the  canal,  and  then  the  silt  underneath,  while  the  dipper 
dredge  will  usually  cut  up  through  both  the  silt  and  the 
muck  and  mix  them.  The  levee  should  usually  be  con- 
structed in  several  layers,  for  both  the  base  and  the  material 
are  likely  to  be  so  soft  that  subsidence  will  be  too  great  if 
a  height  of  more  than  a  few  feet  is  attempted.  This  yield- 
ing of  the  base  will  often  cause  the  side  of  the  canal  to 
cave,  especially  if  the  berm  be  small. 

The  total  subsidence  and  shrinkage  of  the  material  in  the 
levees  often  amounts  to  50  per  cent,  and  in  special  cases 
is  as  great  as  80  per  cent  of  the  bulk  of  the  material,  as 
measured  in  excavation.  Practically  all  of  the  subsidence 
and  a  part  of  the  shrinkage  takes  place  during  construc- 
tion, so  that  the  remaining  change  in  height  can  be  taken 
care  of  by  maintenance.  When  a  large  percentage  of 
muck  is  placed  in  the  levee  the  shrinkage  will  be  great  for 
a  number  of  years,  due  to  the  decay  of  the  vegetable  mate- 
rial in  the  muck. 

Tne  orange-peel  bucket  is  especially  suitable  for  placing 
several  layers  in  a  levee.  After  a  canal  is  once  cut  in  the 
soft  prairie  a  considerable  depth  of  soft  mud  that  makes 
very  poor  levee  material  will  be  in  the  bottom.  The  dipper 
dredge,  when  working  in  such  a  canal,  will  place  a  large 
percentage  of  soft  mud  in  the  levee;  while  an  orange-peel 
bucket,  when  dropped  forcibly,  will  penetrate  the  undis- 
turbed silt  below  and  fill  with  it,  the  soft  mud  running  off 
when  the  bucket  is  raised. 

If  the  side  of  the  levee  is  along  a  solid  ridge  above  or- 
dinary water  level,  no  special  precautions  need  be  taken 
to  prevent  seepage,  although  all  stumps  and  logs  should  be 
removed  from  the  site  and  a  shallow  dttch  should  be  cut 
to  insure  a  perfect  bond  between  the  ridge  and  the  levee. 
On  the  other  hand,  if  the  levee  is  through  very  soft  prairie, 
the  material  dropped  from  the  dredge  will  penetrate  the 
muck  and  form  a  good  bond  with  the  underlying  silt.  It  is 
on  the  portions  where  the  muck  is  thick  and  turfy  in  char- 
r.rter  ihat  particular  pains  must  be  taken.  A  ditch  cut 
alon--  'he  center  line  of  the  levee  before  the  dredge  starts 
workinc  Is  of  no  special  benefit,  as  the  material  placed  back 
in  the  ditch  by  the  dredge  will  be  largely  muck,  although  it 
is  true  that  this  treatment  will  break  the  continuity  of  the 
muck  and  help  to  cut  out  a  portion  of  the  seepage.  A  bet- 
ter plan  is  io  wait  until  the  first  layer  of  material  has  been 
placed  by  the  dredge  and  then  cut  a  ditch  along  the  toe  of 
the  slope  of  the  levee  opposite  the  dredge  and  refill  it  with 
impervious  silt  dredged  from  the  bottom  of  the  canal.  This 
will  insure  a  good  bonding  of  the  material  and  is  a  neces- 
sary   pan    of   the    construction.      At    times    old    muck-filled 


bayous  will  be  encountered  which  must  be  closed  with 
levees.  In  such  cases  the  quickest,  and  quite  often  the 
cheapest,  way  to  insure  that  the  levee  hold  its  grade  line 
is  to  drive  two  rows  of  sheet  piling  across  the  bayou  at 
the  proper  spacing.  These  rows  should  be  lied  together 
with  rods  and  the  fill  made  between  them. 

Cost  of  Dredge-Built  Levees. — The  average  unit  price  for 
dredui'built  Icvee.-i.  where  the  material  is  measured  in  ex- 
(avation,  has  been  from  6  to  8  ct.  per  cubic  yard,  depend- 
ing on  the  amount  of  timber  and  stumps  encountered.  Large 
amount.s  of  such  work  have  been  done  at  an  actual  cost, 
to  the  owners  of  the  dredge,  of  less  than  3  et.  per  cubic 
yard.  Since  it  requires  from  one  and  one-half  to  three 
times  as  much  material  in  excavation  as  finally  appears  In 
the  settled  embankment,  the  contract  price  would  vary 
from  10  to  25  ct.  per  cubic  yard  of  such  embankment. 

If  the  levee  is  to  be  brought  to  a  regular  cross  section  by 
hand  or  machine  work,  a  small  additional  charge  should  be 
made.  In  general,  however,  the  levees,  as  built,  have  not 
been  surfaced  after  the  dredge  work  is  finished,  although 
it  would  be  better  if  the  levee  were  smoothed  off,  seeded 
to  Bermuda  grass,  and  pastured.  This  will  aid  in  closing 
up  the  cracks  that  form  through  the  gradual  shrinking  of 
the  material.  In  certain  cases  it  may  become  necessary  to 
plow  and  harrow  the  levee  in  order  to  close  up  these  cracks. 
If  this  is  not  done,  and  if  a  rapid  rise  of  the  water  outside 
the  district  occurs  after  a  prolonged  dry  period,  the  seepage 
through  the  body  of  the  levee  will  be  very  great.  In  cer- 
tain cases  this  seepage  through  shrinkage  cracks  has  over- 
taxed the  capacity  of  the  pumping  plant.  The  grazing  of 
the  levee  provides  a  cheap  and  profitable  method  of  main- 
tenance and  will  discourage  the  action  of  burrowing  an- 
imals. 


Recent  Developments  in  City 
Manager  Field 

The  following  notes  on  ilu/  activties  in  a  field  that  offers 
many  opportunities  to  engineers  are  published  through 
the  courtesy  of  Mr.  H.  G.  Otis,  Secretary  City  Managers' 
Association.  The  notes  were  prepared  by  Mr.  Otis  for  the 
National  Municipal  Review,  the  official  organ  of  the  asso- 
ciation. 

The  three  candidates  for  positions  on  the  first  commis- 
sion' under  tiie  new  commission  manager  charter,  of 
Griffin,  Ga.,  nominated  in  the  primaries  held  Sept.  26th, 
are  among  the  best  and  most  public  spirited  business  men 
of  the  city.  These  men  were  selected  by  a  somewhat  un- 
usual procedure  which  augurs  well  for  the  success  of  the 
new  plan.  A  general  mass  meeting  was  held  at  the  City 
Hall,  September  18th.  A  "straw  vote"  was  taken  and 
those  receiving  the  three  highest  totals  were  declared  the 
candidates  of  those  pre.sent  at  the  meeting.  When  these 
three  candidates  entered  the  primaries  referred  to,  they 
received  the  overwhelming  majority  of  the  votes  cast.  In 
Georgia  the  nominees  of  the  democratic  primary  are  cer- 
tain of  election  at  the  succeeding  general  election,  held 
in  December.  The  nominees  are  J.  W.  Gresham,  a  prom- 
inent manufacturer  and  ex-mayor;  R.  F.  Strickland,  a  weal- 
thy merchant-farmer-banker:  B.  B.  Brown,  a  self-made  busi- 
ness man  of  considerable  wealth.  A  city  manager  will  be 
selected  in  December  to  take  office  Jan.  1st.  Griffin  is  the 
first  city  in  Georgia  to  adopt  the  new  plan.  Its  popula- 
tion is  estimated  at  10,300. 

Edwin  J.  Fort  was  chosen  city  manager  of  Niagara  Falls, 
N.  Y.,  Sept.  Ifilli.  He  succeeds  O.  E.  Cirr  who  was  pro- 
moled  to  Springfield.  O..  Sept.  1st.  Mr.  Fort  has  served 
11  years  as  head  of  the  department  of  sewers.  Borough 
of  Brooklyn,  N.  Y.  He  is  an  engineer  of  wide  reputation 
and  has  had  considerable  experience  in  municipal  affairs. 

(ieorge  R.  Belding  has  been  appointed  city  manager  of 
Hot  Springs,  Ark.,  to  succeed  Charles  H.  Weaver  who  re- 
cently resigned.  Mr.  Belding  was  at  one  time  mayor  of 
Hot  Springs  and  has  been  serving  as  secretary  for  the  local 
Business  Men's  League.  Hot  Springs  is  experimenting  with  ^ 
the  plan  originally  tried  at  Beaufort,  S.  ('..  of  employing  one 
man  to  fill  the  dual  positions  of  city  manager  and  secre- 
tarv   of   its   commercial   organization,   as    Mr.    Belding   still 
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retains  his  office  as  secretary  of  the  Business  Men's  League. 
His  salary  will  be  apportioned  between  the  city  and  the 
league. 

Dr.  W.  C.  Bailey,  formerly  president  of  the  San  Jose 
Chamber  of  Commerce,  chairman  of  the  Santa  Clara  Lib- 
erty Loan  Committee,  Red  Cross  Drive  Committee  and  War 
Work  Council,  has  been  appointed  city  manager  of  San 
Jose,  Cal.,  to  succeed  Thomas  H.  Reed.  The  vote  stood 
five  to  two.  The  two  voting  in  liie  negative  stated  that  they 
had  no  personal  objections  to  Dr.  Bailey  but  did  not  believe 
that  the  city  needed  a  city  manager  at  present.  A  letter 
from  Dr.  Bailey  states  that  he  has  entered  the  new  pro- 
fession temporarily  only.  It  will  be  recalled  that  Mr.  Reed 
resigned  last  summer  to  return  to  his  work  as  professor 
of  economics  at  the  University  of  California  as  mentioned 
in  the  July  Review. 

Hubert  A.  Stecker,  who  has  served  as  city  manager  of 
Charlottesville,  Va.,  since  Jan.  1,  1917,  has  resigned  to 
enter  the  army  service.  His  administration  at  Charlottes- 
ville has  been  most  successful.  His  duties  in  the  army  fol- 
low very  closely  the  work  of  a  city  manager.  He  has  been 
commissioned  captain  in  the  quartermaster  corps  and 
placed  in  charge  of  streets,  buildings  and  grounds  at  Camp 
Logan,  Texas. 

The  U.  S.  Government  is  applying  the  principles  of  the 
city  manager  plan  to  many  of  its  war-time  enterprises. 
Announcement  recently  appeared  in  the  daily  press  that 
the  Government  is  seeking  men  to  place  in  charge  of  war- 
work  communities.  The  management  of  these  communities 
will  involve  not  only  the  collection  of  rents,  the  super- 
vision of  repairs  and  maintenance  of  buildings,  but  will 
comprise  duties  analogous  to  those  of  a  city  manager,  in- 
cluding responsibility  for  sanitation,  cleanliness,  fire  and 
police  protection  and  the  general  health  and  welfare  of  the 
inhabitants.  These  managers  will  not  be  permanently  at- 
tached to  one  community  but  will  be  transferred  and  pro- 
moted, thus  creating  a  corps  of  trained  experts  in  com- 
munity management.  Allan  Robinson,  manager  of  oper- 
ating division,  U.  S.  Housing  Corporation,  613  G  street,  N. 
W.,  Washington,  D.  C,  is  in  charge  of  this  branch  of  the 
cervice. 

A  great  many  cities  and  towns  throughout  the  country 
are  considering  adoption  of  city-manager  government. 
Among  these  are:  Aberdeen,  Wish.;  Ambridge  and  Blairs- 
ville,  Pa.;  Burlington  and  Davenport,  la.;  Daytona,  Fla.; 
Enid  and  Pawnee.  Okla.;  Grand  Mere,  P.  Q.;  Lawrence, 
Mansfield  and  Wellesley,  Mass.;  New  Haven,  Conn.;  St. 
Paul,  Minn.,  and  Suffolk,  Va. 

E.  A.  Beck,  who  has  served  as  city  manager  of  Golds- 
boro,  N.  C,  .'-.ince  the  new  plan  was  put  in  operation  July, 
1917,  has  been  commissioned  as  captain  in  the  Army's 
Sanitary  Department  and  is  stationed  at  Fort  Oglethorpe, 
Ga.  Mr.  Beck's  work  has  received  most  favorable  com- 
ment and  the  local  paper  suggests  that  in  time  he  will  be 
recignized  at  deserving  a  statue  in  the  public  park.  It 
will  be  recalled  that  Mr.  Beck  was  selected  from  a  field  of 
522  candidates  for  the  position  of  manager  at  Goldsboro. 
Prior  to  his  appointment  he  had  served  as  manager  and 
engineer  for  the  Boroughs  of  Sewickley  and  Edgeworth, 
Pa.    No  successor  is  announced. 

The  fourth  city  manager  of  Beaufort,  S.  C,  is  Hal  R. 
PoUitzer,  who  has  been  serving  as  acting-manager  since 
the  resignation  of  John  R.  Kneebone  last  spring.  Mr. 
Pollitzer  graduated  from  Clemson  College,  S.  C,  as  a  civil 
and  electrical  engineer.  He  has  served  for  several  years 
in  the  Beaufort  organization,  first  as  superintendent  of  pub- 
lic works,  then  as  city  engineer,  and  is  well  trained  for  the 
new  position.     Kis  salary  is  ?1,800. 


Meeting   of   New   York   Section   Am.   W.   W.   Assoc. — The 

New  York  Section  of  the  American  Water  Works  Associa- 
tion will  hold  an  informal  dinner  at  12:30  p.  m.,  Oct.  16,  at 
the  McAlpin  Hotel,  New  York  City.  The  operation  of 
Vater  works  under  war  conditions  will  be  discussed.  Edw. 
S.  Cole.  25  Elm  st,  New  York  City,  is  Secretary  of  the  Sec- 
tion. 


Personals 

C.  A.  Jennings,  manag-er  of  the  Chicago  office  of  Wallace  & 
Tiernan  Co.,  has  been  commissioned  a  captain  in  the  Quarter- 
master Corps,  Maintenance  and  Repair  Branch.  Construction  Di- 
vision, with  headquarters  at  Washington.  Mr.  Jennings  was 
superintendent  of  the  Bubbly  Creek  Filtration  Plant  from  its  in- 
ception in  1908  until  two  years  ago.  His  work  at  Washington 
will  be  under  Maj.  George  A.  Johnson,  and  he  will  look  after 
water  supplies  and  sewage  systems  at  the  various  cantonments. 

J.  J.  Collins  has  resigned  as  assistant  engineer  in  ,the  high- 
way department  of  Baltimore.  Md.,  to  accept  a  position  as 
assistant  engineer  in  the  sewerage  and  other  underground  work 
at  Camp  Meade. 

C.  W.  Clark  has  resigned  as  superintendent  of  the  city  electric 
light  and  water  plant  of  BlufEton,  Ind.,  and  has  accepted  a  posi- 
tion as  manager  of  the  Standard  Oil  Co.'s  electric  plant  at  Car- 
linville.  111. 

Capt.  David  C.  Morrow  has  been  appointed  chief  utilities 
oflicer  at  Camp  Pike,  in  which  position  he  will  serve  as  a  sani- 
tary engineer  and  will  have  charge  of  the  sanitation  of  the  camp. 

J.  J.  Carment  has  been  appointed  cit.v  manager  of  Kamloops, 
B.  C.  at  a  salary  of  $3,000  per  year. 


Obituaries 

J.  Murray  Africa,  a  well-known  engineer  of  Huntingdon,  Pa., 
died  Sept.  1$,  aged  55.  He  is  survived  by  three  sons,  J.  JIurray 
Africa.  Jr.,  now  with  the  American  Expeditionary  Forces  in 
France;  Charles  McKnight  Africa,  a  student  at  the  Van  Rennssler 
Polytechnic.  Troy,  N.  T.,  and  Hunter  Africa,  a  student  at  Mer- 
cersburg  Academy. 

James  P.  ^lurray,  formerly  assistant  engineer  in  the  Texas 
Reclamation  Department,  died  Sept.  2S  at  Austin,  Tex.  At  the 
time  of  his  death  he  was  captain  in  the  472nd  U.  S.  Engineers. 

Joseph  B.  Hawthorne,  a  member  of  the  railroad  contracting 
firm  of  Dibble  &  Hawthorne,  of  Tacoma,  Wash.,  died  Sept.  25, 
aged  55. 

William  S.  Edw-ard.  for  35  vears  city  engineer  of  Portland, 
Me.,  died  Sept.   26,  aged  SS  years. 

Charles  G.  Roebling,  President  of  John  A.  Roebling's  Sons 
Co.,   Trenton,  N.  J.,   died  Oct.  5. 

Silas  W.  McCleary,  a  road  contractor,  of  Lodi,  Cat,  died 
Sept.  21,  aged  53. 


Statement  of  the  Ownership,  Management,  Circulation,  Etc., 
Required  by  the  Act  of  Congress  of  August  24,  1912, 

of   Engineering   and    Contracting,   published    weekly    at    Chicago, 
111.,   for   October   1.    191S. 

State  of  Illinois,  County  of  Cook,  ss. — Before  me,  a  notary 
public  in  and  for  the  state  and  county  aforesaid,  personally 
appeared  Lew'is  S.  Louer,  who,  having  been  duly  sworn  according 
to  law.  deposes  and  says  that  he  is  the  business  manager  of 
Engineering  and  Contracting,  and  that  the  following  is,  to  the 
best  of  his  knowledge  and  belief,  a  true  statement  of  the  owner- 
ship, management  (and  if  a  daily  paper,  the  circulation),  etc.,  of 
the  aforesaid  publication  for  the  date  shown  in  the  above  caption, 
required  by  the  Act  of  August  24,  1912.  embodied  in  section  443, 
Postal  Laws  and  Regulations,  printed  on  the  reverse  of  this 
fonn,  to-wit: 

1.  That  the  names  and  addresses  of  the  publisher,  editor, 
managing  editor  and  business  manager  are: 

Publisher — Engineering  and  Contracting  Publishing  Co.,  Chi- 
cago.  111. 

Editor— H.   P.   Gillette.   Chicago.   111. 
Managing  Editor — C.  T.   Murray,   Chicago,  111. 
Business  Manager — Lewis  S.   Louer,  Chicago.  111. 

2.  That  the  owners  are:  (Give  names  and  addresses  of  indi- 
vidual owners,  or,  if  a  corporation,  give  its  name  and  the  names 
and  addresses  of  stockholders  owning  or  holding  1  per  cent  or 
more  of  the  total  ampunt  of  stock):  H.  P.  Gillette,  Chicago,  111.; 
N.  M.  Rodgers,  Chicago,  111.:  Lewis  S.   Louer.  Chicago.  111. 

3.  That  the  known  bondholders,  mortgagees  and  other  secur- 
ity holders  owning  or  holding  1  per  cent  or  more  of  total  amount 
of  bonds,  mortgages  or  other  securities  are:  (If  there  are  none, 
so   state  )     None. 

4.  That  the  two  paragraphs  next  above,  giving  the  names 
of  the  owners,  stockholders  and  security  holders,  if  any,  contain 
not  only  the  list  of  stockholders  and  security  holders  as  they 
appear  upon  the  books  of  the  company  but  also,  in  casse  where 
the  stockholder  or  sectirity  holder  appears  upon  the  books  of 
the  company  as  trustee  or  in  any  other  fiduciary  relation,  the 
name  of  the  person  or  corporation  for  whom  such  trustee  is 
acting,  is  given;  also  that  the  said  two  paragraphs  contain 
statements  embracing  affiant'.s  full  knowledge  and  belief  as  to 
Uie  circum.stances  and  conditions  under  which  stockholders  and 
security  holders  who  do  not  appear  upon  the  books  of  the  com- 
pany as  trustees,  hold  stock  and  securities  in  a  capacity  other 
than  that  of  a  bona  fide  owner:  and  this  affiant  has  no  reason 
to  believe  that  any  other  person,  association,  or  corporation  has 
any  interest,  direct  or  indirect,  in  the  said  stock,  bonds,  or  other 
securities  than  as  so  stated  by  him. 

(Signed)  LEWIS   S    LOUER. 

Sworn  to  and  subscribed  before  me  this  23d  day  of  September, 
1918. 

(Seal.)  C.   E.   MEINT)ERS. 

(My  commission   expires  June  7,   1920.) 
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Make  Your  Knowledge    Militant 

Knsineers  have  long  been  given  to  exihanjiing  opinions 
about  the  inertness  of  the  public  and  the  general  failure 
to  put  to  full  use  the  technical  knowledge  possessed  by 
engineers,  .\side  from  the  futility  of  such  criticism,  engi- 
neers would  do  well  to  cease  complaining,  for  the  time  can 
be  better  spent  in  trying  to  effect  a  change  in  public  sen- 
timent toward  engineers  and  engineering.  To  accomplish 
this  end  most  efficiently,  engineers  must  make  their  knowl- 
edge militant.  They  must  fight  aggressively  to  have  their 
ideas  adopted  by  the  public  and  not  merely  present  their 
ideas  and  plans  mildly  and  as  if  it  were  no  concern  of  theirs 
whether  they  are  adopted  or  not. 

Some  years  ago  a  business  man  told  the  writer  that  en- 
gineers, as  a  class,  seemed  to  him  sheep-like  and  lack- 
ing in  aggressiveness.  "Men  of  that  type,"  he  said,  "never 
.succeed  greatly  in  doing  anything  that  calls  for  initiative." 
.\lthough  his  criticism  was  too  severe,  there  was  a  ineasure 
of  truth  in  it  then,  and  there  is  still  a  measure — though  a 
.smaller  measure — of  truth  in  it  yet. 

.\  man  intimately  acquainted  with  that  supremely  aggres- 
sive individual,  the  late  James  .1.  Hill,  at  that  time  president 
of  the  f'.reat  Northern  Ry.,  told  the  writer  that  Mr.  Hill 
did  not  hold  civil  engineers  in  very  high  esteem,  as  a  class. 
To  illustrate  his  point   he  told  the  following  story: 

Mr.  Hill's  road  had  hundreds  of  iiiile.s  of  wooden  trestles 
that  were  rotting  out.  He  wanted  the  trestles  filled  with 
earth  on  certain  divisions,  and  he  asked  his  engineers  for 
plans  and  estimates  of  the  cost  of  doing  the  work  in  the 
most  economical  manner  possible.  He  cautioned  the  engi- 
neers that,  since  the  job  was  a  very  big  one  and  would 
grow  bigger,  he  expected  them  to  make  a  very  thorough 
study  of  the  proljlem.  About  two  weeks'  later  the  answer 
to  his  queslion  was  given,  and  he  was  told  that  the  best 
•method  would  be  to  fill  the  trestles  from  large  dump  cars 
that  had  been  loaded  by  steam  shovels  at  gravel  pits,  and 
that  the  cost  would  be  1,=>  cl.  per  cubic  yard.  Whereupon 
.Mr.  Hill  called  in  the  man  who  told  this  story  to  the  writer 
and  said:     "Isn't  this  Jual  like  these  fool  engineers?     I  told 


them  to  study  this  problem  thoroughly,  yet  they  give  only 
two  weeks  to  the  study  of  it!  Then  they  come  to  me  and 
hand  me  the  old  method  of  using  steam  shovels  and  cars 
throughout!  Haven't  they  any  initiative?  Must  I  furnish 
brains  for  their  work  as  well  as  for  my  own?" 

In  a  great  wrath  Mr.  Hill  started  to  show  his  engineers 
that  he  was  a  better  engineer  than  they.  He  went  to  Cali- 
fornia and  there  spent  several  weeks  studying  the  exca- 
vation and  conveying  of  earth  in  the  placer  mines  by  means 
of  hydraulic  giants  and  sluices.  Then  he  returned  and 
began  experimenting  with  the  same  method  for  filling 
trestles  with  material  sluiced  from  nearby  hills  by  gravity, 
and  pumped  from  low-lying  ground.  He  ascertained  that 
he  could  do  most  of  the  gravity  sluicing  of  earth  for  6  ct. 
per  cubic  yard  and  most  of  the  pumping  for  12  ct.  per  cubic 
yard.  Thus  James  J.  Hill  taught  his  engineers  that  he  was 
a  better  engineer  than  they,  because  he  had  initiative  and 
was  aggressive  in  his  determination  to  beat  the  standard 
cost  of  15  ct.  per  cubic  yard  for  trestle  filling. 

The  story  is  good  enough  to  be  true,  and  Is  doubtless 
true  in  large  part.  The  man  who  told  it  was  a  lawyer  and 
he  took  a  deal  of  satisfaction  in  the  telling  of  it.  He  fin- 
ished by  asking  what  the  writer  thought  of  "tlfb  old  man" 
as  an  engineer.  The  writer  replied  that  .Mr.  Hill  hud  thus 
proven  his  right  to  be  called  an  engineer,  and  a  good  one, 
except  in  one  respect.  If  he  had  been  acquainted  with  en- 
gineering literature,  or  even  with  the  one  .\merican  book 
on  earthwork,  he  would  have  known  that  the  hydraulic 
method  of  trestle  filling  was  old  before  Mr.  Hill  reinvented 
it,  and  even  older  was  its  use  in  building  earth  dams.  The 
writer  added  that  he  had  noted  with  amazement  the 
meagerness  of  the  engineering  library  In  the  Great  North- 
ern offices  at  St.  Paul  and  elsewhere.  With  even  greater 
amazement  had  he  learned  the  miserly  salaries  paid  to  the 
Creat  Northern  civil  engineers  right  up  to  and  including  the 
chief  engineer.  In  those  facts  the  writer  saw,  he  believed, 
both  the  cause  and  the  effect  of  which  Mr.  Hill  had  com- 
plained. Being  without  adequate  respect  for  engineers,  Mr. 
Hill  neither  provided  them  with  an  adequate  library  nor 
paid    (hem   adequate   salaries.      He   himself  deadened   their 
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ambition,  and  drove  many  ot  them  out  of  the  railway  field. 
Hence,  by  as  much  as  he  had  proved  himself  a  good  engi- 
neer in  his  re-invention  of  the  hydraulic  process  of  trestle 
filling,  by  that  same  test  he  had  coincidently  proved  him- 
self less  than  an  ideal  railway  president. 

While  it  is  undeniably  true  that  railway  presidents  and 
other  executives  often  err  through  lack  of  respect  for  en- 
gineers and  engineering,  is  it  not  also  clear  that  engineers 
have  erred  through  failure  to  demand  and  secure  adequate 
respect  for  engineering  science?  Is  it  not  patent  that  it 
is  the  duty  of  engineers,  not  only  to  their  profession  but 
to  the  public,  to  make  their  knowledge  militant,  to  use  every 
means  in  their  power  to  spread  the  gospel  of  engineering 
as  the  economic  salvation  of  mankind? 


Why  Large  Public  Utility  Com- 
panies and  Railways  Are  Often 
Poorly  Managed 

As  a  company  grows  larger  there  is  a  tendency  toward 
wider  distribution  of  its  stock  among  small  holders  who  are 
able  to  give  a  little  or  no  supervisory  supervision  to  the 
managerial  policies  of  the  company.  When  eventually  no 
single  stockholder  is  devoting  his  time  managing  or  care- 
fully supervising  the  management  of  the  company,  almost 
invariably  there  follows  a  decrease  in  economic  efficiency. 
This  is  a  phenomenon  that  has  never  received  the  atten- 
tion that  it  merits,  for  attention  has  been  distracted  by  the 
profits  that  large  companies  usually  make  because  of  the 
economy  of  operating  on  a  large  scale. 

American  railways — both  steam  and  electric — illustrate 
the  point  in  question.  Salesmen  who  try  to  sell  office  ma- 
chinery and  other  labor  saving  devices  to  railway  compa- 
nies, as  well  as  to  manufacturing  companies,  are  usually 
impressed  by  the  difference  in  the  attitude  of  the  men  they 
meet  in  railway  offices  and  in  manufacturers'  offices.  The 
latter  are  commonly  keen  and  interested  listeners  to  the 
salesman's  arguments,  and  are  usually  willing  to  give  his 
products  a  trial.  The  former — the  railway  employes — are 
apt  to  show  slight  interest  and  often  are  actually  antag- 
onistic to  any  suggested  change.  This  has  puzzled  many 
a  salesman,  and  apparently  it  puzzles  the  editor  of  the  Elec- 
tric Railway  Journal.  We  quote  from  a  recent  editoriaJ  en- 
titled "Is  It  Difficult  to  Sell  a  New  Idea  to  a  Railway  Man- 
ager?" 

A  question  put  to  u.<s  not  Ions  aso  by  a  mannlacturer  whose 
business  bring.s  him  into  contact  with  a  wide  line  ot  industries 
was  this:  "Are  railways  businesslike?"'  Yankee  style,  we  asked 
him:  "Businesslike  in  wliat  sense?"  His  reply  was:  "Business- 
like in  the  sense  of  studying  new  money-saving-  processes  on 
merit."  Drawing  tlien  upon  his  experience  with  other  industries 
he  continued  somewhat  along'  these  lines:  "Compared  with  manu- 
facturing industries,  railway  managers  do  not  seem  to  have  the 
same  acute  business  sense.  For  example,  several  years  ago  we 
spent  many  thousands  of  dollars  to  develop  a  certain  process  be- 
fore we  tried  to  commercialize  it.  When  we  brought  it  to  the  at- 
tention of  people  in  several  competitive  lines  of  business,  tliey 
'perked  up'  at  once.  No  sooner  had  the  process  been  explained 
to  them  than  they  began  telling  its  how  many  thousands  of  dol- 
lars they  would  be  able  to  save.  Their  only  concern  was  that 
their  competitors  might  "beat  them  to  it'  !  When  we  put  the  same 
proposition  before  the  steam  and  electric  railroads,  it  was  a  dif- 
ferent and  sadder  story.  A  few  here  and  there  asked  to  be  shown 
and  then  bought,  but  the  majority  were  skeptical.  It's  hard  for 
me  to  understand  the  difference  in  viewpoint.  Wliat's  the  answer?" 

Our  interlocutor  had  struck  bottom,  and  we  had  to  answer  with 
declarative  instead  of  interrogative  sentences.  We  were  embar- 
rassed to  make  the  admission,  but  we  did  say  that  it  seemed  to 
us  that  the  difference  was  largely  due  to  the  fact  that  the  manu- 
facturers always  had  before  them  the  costs  of  their  operations 
compared  with  those  of  others  who  were  selUng  to  the  same  trade, 
whereas  the  railway  company  seldom  had  real  production  costs 
and  still  more  seldom  compared  them  to  advantage  with  other 
properties.  Furthermore,  such  comparison  was  difflcult  because 
of  varying  factors  in  different  towns.  Another  difficulty  was  that 
the  frequent  change  in  control  compared  with  privately  owned 
concerns  put  a  premium  on  the  use  of  goods  of  lowest  first  cost 
instead  of  lowest  continuing  cost. 

"That's  too  bad,"  said  our  friend  dryly,  "but  don't  you"  think 
that  the  railway  men  would  have  been  a  bit  keener,  too,  if  they 
had  to  bustle  everlastingly  for  customers?"  And  then  we  thought 
it  was  time  to  leave ! 


The  editor  of  the  Electric  Railway  Journal  gives  two  fac- 
tors as  the  reason  why  railway  managers  are  usually  less 
keen  than  manufacturing  managers  to  adopt  new  ideas, 
namely  (1)  lack  of  adequate  cost  analysis,  and  (il  frequent 
changes  in  management.  While  those  are  factors  worthy 
of  consideration,  they  are  not  the  predominant  factors,  in 
our  judgment.  The  great  sources  of  the  trouble  are  (II 
the  failure  to  pay  railway  managers  in  proportion  to  their 
efficiency,  and  (2)  the  failure  to  have  an  intelligent  critic 
who  takes  the  place  of  the  owner  of  a  small  company,  and 
whose  income  depends  mainly  upon  the  profits  of  the  com- 
pany. 

The  writer  has  been  in  close,  even  intimate,  touch  for 
more  than  a  dozen  years,  with  a  great  many  steam,  elec- 
tric and  other  public  utility  companies,  both  large  and 
sniall.  He  has  observed  that  while  the  large  companies 
usually  excel  in  engineering,  the  small  individually  owned 
companies  usually  excel  in  management.  While  the  large 
companies  have  better  load  factors,  buy  more  economically, 
and  in  other  ways  enjoy  the  economic  advantages  that  go 
with  large  size,  the  small  individually  managed  companies 
operate  with  proportionately  fewer  men,  and  have  a  keener 
eye  for  bettering  their  profits. 

It  should  be  obvious  that  the  fact  that  a  large  electric 
compan.v  manufactures  power  at  less  cost  per  kilowatt 
hour  than  a  small  company  is  not  the  sole  and  final  cri- 
terion by  which  to  judge  the  relative  efficiency  of  manage- 
ment. Mere  size  of  plant  units  alone  gives  a  marked  eco- 
nomic advantage  in  power  generation,  often  without  any 
merit  attaching  to  the  management  for  that  factor.  The 
low  unit  costs  of  generating  power  with  large  plants  itself 
tends  to  hide  the  poor  business  management  which  often 
exists  in  the  big  power  companies.  Similarly  in  railway 
operation,  low  ton-mile  or  car-mile  costs  do  not  of  them- 
selves prove  superior  management.  They  may  only  show 
greater  density  of  traffic. 

Until  men  more  generally  realize  that  the  most  impor- 
tant single  law  of  management  is  to  pay  all  employes,  in- 
cluding managers,  in  proportion  to  their  economic  perform- 
ance, we  shall  continue  to  have  big  companies  showing 
large  profits,  yet  poorly  managed.  We  shall  see  great  sav- 
ings effected  through  the  elimination  of  competition,  fol 
lowed  by  a  decided  falling  off  in  inventions  and  in  the  use 
of  newer  devices  by  those  in  the  employ  of  the  big  com- 
panies. What  is  true  of  the  big  companies  is  true — and  to 
a  more  marked  degree — of  city,  state  and  federal  govern- 
ments, and  for  the  very  same  reason.  A  limited  salary  for 
managers  and  executives  is  the  surest  means  of  deadening 
ambition,  killing  initiative  and  halting  progress. 


Will   Motor  Truck   Competition 

Revolutionize  Railway 

Operation? 

Some  of  the  steam  and  electric  railway  journals  have 
awakened  to  the  fact  that  motor  trucks  are  already  taking 
much*  of  their  short  haul  freight  and  would  take  a  great 
deal  more  if  the  highways  were  all  good,  and  are  begin- 
ning to  decry  the  motor  truck  as  an  economic  freight  car- 
rier.    Thus  one  railway  journal  recently  said: 

Transportation  of  freight  by  truck  at  the  present  time  is 
not  only  uneconomical  but  is  highly  unpatriotic  since  it  takes 
botii  man  and  money  power  from  more  essentia!  enterprise.*^. 
The  particular  Job  of  the  railways  in  this  connection  must  be 
lirst  properly  to  equip  and  prepare  themselves  for  the  handling 
of  this  business,  and  second,  both  by  deed  and  by  suitable  puti- 
licity,  to  show  that  of  the  two  methods  of  handling  the  freight 
business,  theirs  is  the  more  essential. 

But  the  stark  fact  is  that  motor  trucks  are  competing 
both  with  electric  and  steam  railways  for  business  and 
are  getting  it  in  large  quantities.  To  do  so  they  must  either 
give  a  lower  rate  (including  the  terminal  costs),  or  they 
must  give  enough  quicker  service  to  justify  the  shipper  in 
paying  a  higher  rate.  All  talk  about  lack  of  patriotism  oh 
the  part  of  truck  owners  is  beside  the  point.  Here,  if  any- 
where, "money  talks,"  now  as  in  times  of  peace. 

We  are  not  of  those  who  believe  that  motor  trucks  will 
displace   railways   except   where   the   traffic   is   light   or   the 
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haul  long:  and  it  may  happen  that  when  railway  managers 
put  their  wits  to  work,  motor  trucks  will  often  lind  it  dllfi- 
culi  to  compete  with  railways  on  short  hauls  But  the 
fact  is  that  Americar.  railway  companies  have  always  Ig- 
nored the  possibility  of  so  organizing  their  business  as  to 
reduce  the  cost  of  delivery  over  the  roads  and  streets  at 
both  ends  of  the  rail  haul.  They  have  said:  "That  Is  the 
shippers'  and  the  consumers'  problem — the  hauling  one,  the 
highways—  and  we  shall  not  consider  that  part  of  the  trans- 
portation   problem." 

Hut  now  the  railways  are  beginning  to  learn  that  be- 
cause they  ignored  both  ends  of  transportation  cost,  they 
are  losing  a  large  part  of  what  they  thought  was  securely 
theirs  for  all  time.  It  is  the  old  story  In  a  new  binding. 
Let  any  man  ignore  his  customer's  welfare  when  he  could 
help  his  customer,  and  eventually  the  ignoring  will  "cost 
him  dear." 

Wellington,  in  his  "Kconomlc  Theory  of  Hallway  Loca- 
tion." lays  down  the  rule  that  a  railway  should  be  located 
through  the  "center  of  gravity  '  of  the  products  to  be 
hauled:  because,  even  though  it  may.  not  pay  at  first  to  do 
so  (because  of  high  costs  of  right  of  way  and  terminal 
lands).  It  will  pay  the  railway  eventually  by  insuring 
against  the  loss  of  business  to  some  other  railway  that 
will  locate  through  the  "centers  of  gravity"  and  thus  re- 
duce the  total  transportation  costs  to  the  customers.  That 
was  excellent  and  far  sighted  advice.  But  as  railways  have 
come  to  enjoy  greater  freedom  from  competition  from  other 
railways,  they  have  tended  more  and  more  to  ignore  the 
<-osts  to  their  customers  for  hauling  over  the  roads  and 
streets.  So  they  are  suddenly  being  confronted  with  a  com- 
petitive situation  that  is  by  no  means  pleasing  to  contem- 
plate. 

Short  haul  railway  rates  will  have  to  be  lowered.  Tei- 
mlnal  facilities  will  have  to  be  improved  in  order  to  expe 
<lite  loading  and  unloading,  for  time  of  triinsoorlation  is 
one  of  the  big  factors  in  favor  of  motor  trucks.  And  it  may 
even  happen  that  railways  will  be  forced  into  the  truck- 
ing business  themselves.  Possibly  we  may  see  a  great  ex 
tension  of  the  use  of  motor  trucks  that  have  special  wheelr 
permitting  them  to  run  on  rails  or  pavements  indifferently. 
Certain  it  is  that  the  motor  truck  is  going  to  arouse  rail- 
way managers  as  they  have  not  been  aroused  in  twenty 
years. 


The 


'Voice  of  God"  as  Heard  in 
Buffalo 

Till-  public  service  commission  of  ui)per  .New  York  state 
ordered  a  6  ct.  street  car  fare  in  several  cities,  but  the 
Supreme  Court  of  the  state  ruled  that  the  increased  fare 
«ould  not  be  put  into  effect  without  the  consent  of  the  cit- 
ies, because  5  ct.  fares  were  specified  In  the  street  railway 
franchises.  Accordingly  the  City  Council  of  Buffalo  adopted 
a  resolution  waiving  the  franchise  restriction,  but  by  a 
special  referendiwii  vote  the  citizens  overruled  the  action  of 
the  council.  The  vote  was  3.5.661  for  the  repeal  of  the  City 
CouncH's  action  and  only  7,044  In  favor. 

There  has  seldom  occurred  a  better  illustration  of  the 
fallacious  principle  involved  In  permitting  the  general  pub- 
lic to  decide  an  economic  question  involving  many  technical- 
ities. Also  it  would  be  hard  to  find  a  better  illustration  of 
overwhelming  public  unfairness  toward  a  public  service 
company.  Consider  the  significance  of  the  fact  that  only 
one  voter  in  six  had  enough  sense  to  uphold  a  decision 
of  the  state  public  service  commission  even  after  it  was 
endorsed  by  the  City  Council.  The  public  knew  at  least 
one  thing,  and  that  was  that  prices  and  wages  had  ad- 
vanced fully  SO  per  cent.  They  knew  also  that  the  em- 
ployes of  the  street  railway  were  on  the  verge  of  striking 
for  increased  wages.  They  knew  that  they  themselves  had 
no  such  acquaintance  with  the  facts  of  the  case  as  their 
representatives  had.  Yet  five  voters  out  of  six  paid  no  at- 
tention to  the  facts  that  they  did  know,  and  made  no  at- 
tempt to  get  at  the  facta  that  they  did  not  know.  It  was 
enough  for  them  that  the  street  car  company  was  asking  for 


another  cent  on  each  fare,  and  that  they,  the  voters,  would 
have  to  pay  it. 

There  is  one  redeeming  fact  In  the  situation  at  Buffalo, 
namely,  that  every  newspaper  but  one  in  the  city  con- 
demned the  action  of  the  voters,  and  that  all  the  large 
banks  of  the  city  Issued  public  statements  urging  the  peo- 
ple to  grant  the  6  ct.  fare. 

"Vox  popull  vox  del,"  says  the  old  Roman  proverb,  but 
certainly  It  Is  queer  "voice  of  God"  that  we  hear  in  the 
"voice  of  the  people"  of  Buffalo. 


Public  Service  Commissions  and 
Standardized  Industry 

To  the  Kditor:  Permit  me  to  commend  the  first  editorial 
utterance  in  your  issue  of  Sept.  18.  l'.«18:  "Have  Public 
Service  Commissions  proved  to  be  a  failure?" 

I  assume  that  we  must  attempt  to  picture  what  would 
have  been  the  condition  today  had  we  had  no  Public  Service 
Commissions,  if  a  full  analytic  answer  should  be  attempted 
to  your  question:  but  your  article  answers  the  question  so 
nearly  100  per  cent  negatively  that  every  well  informed 
business  man  must  agree   with  you. 

The  failure  of  Public  Service  Commissions  to  deal  fairly 
with  corporations  is  costing  us  all  very,  very  dearly  at  the 
present  time.  It  is  not  to  be  supposed  that  any  perfect 
machinery  for  dealing  with  corporations  will  be  discovered 
at  an  early  date. 

Each  clause  in  your  article  states  the  fact  contained 
therein  so  ably  and  forcibly  that  to  multiply  words  is  use- 
less. The  writer  commends,  however,  your  idea  that  should 
an  able  engineer  be  provided  for  in  every  body  of  commis- 
sioners, a  great  deal  of  friction  would  be  avoided  and  a 
irreat  deal  of  needed  information  be  given. 

The  article  in  the  same  issue.  September  18.  "Lane  says 
the  tiovernment  should  own  standardized  industries,  but 
where  are  they  "  is  also  to  the  point,  and,  I  am  somewhat  sur- 
prised, as  no  doubt  you  were,  to  have  an  utterance  of  that 
character  coming  from  as  thoughtful  and  able  a  man  as  Mr. 
Lane. 

Such  a  course  would  result  in  stagnation  and  not  in  any 
incentive  toward  invention  and  improvement.  Unless  we 
.ire  willing  to  become  such  humble  nonentities  as  the  aver- 
age Cerman  citizen,  no  such  gospel  should  be  either  preached 
or  practiced.  There  can  be  no  such  thing  as  complete 
standardization. 

\V.  F.  McCLURE, 
State  Engineer  of  California. 

Sacramento,  Cal. 


The  Single  Tax  Theory  and  Gov- 
ernment Price  Regulation 

To  the  Editor:  Having  listened  to.  read  and  heard  of 
"explosions"  of  the  Henry  George  Single  Tax  theory  on  a 
great  many  different  occasions,  all  of  which  "explosions" 
have,  to  date,  proven  to  be  nothing  more  than  "mis-fires," 
it  is  with  great  pleasure  that  I  have  read  your  editorial 
touching   upon   the   "fallacious   reasoning"  of  this   theory. 

Coming  from  one  concerned  with  my  own  profession,  a 
sure-enough  explosion  will  be  most  interesting  to  about  one- 
half  million  proponents  in  these  I'nited  States,  a  source  of 
endless  enjoyment  and  profit  to  numerous  highbrow  and 
low-brow  opponents,  and  of  eternal  edification  to  the  "pro- 
fession of  the  hour."  Considering  the  extraordinary  quali- 
fications of  "we"  civil  engineers  in  the  arts  of  perception 
and  retention,  abstract  procedure,  logical  deduction  and 
scientific  precision,  there  ought  to  be  no  mis-fire  when  a 
civil  engineer  begins  to  explode  the  Single  Tax  theory. 
Personally.  1  have  been  unable  to  dynamite  Henry  George's 
arguments,  though  not  for  lack  of  investigation  and  atten- 
tion. I  trust  that  you  can  offer  a  more  complete  expose  of 
the  Single  Tax  fallacy  through  the  columns  of  your  period- 
ical,  because  the  economic  problem  of  taxation   is,  as  you 
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say,  "the  greatest  that  confronts  America,"  and  if  "we"  set.  When  the  locomotive  is  struggling  up  hill  the  rails 
civil  engineers  tackle  the  problem  and  do  not  solve  it  we  are  pulled  back  by  the  backward  pull  of  driving  wheels,  re- 
will  lose  our  prestige  as  doctors-of-dry-science  and  will  be  suiting  in  the  joints  at  the  bottom  of  the  hill  becoming 
in  the  NG  class  as  mayors  or  managers  of  municipalities  tight  and  "stretched  out"  at  the  top.    It  will  he  noticed  on 

Your  brief  editorial  presents,  to  my  mind,  some  conflict-  double  track  crossing  that  they  are  driven  in  the  direction 

ing  ideas.     You  say  that  the  Henry  George  theory  of  a  sin-  oi  traffic  by  the  pounding  on  the  flangeway  gaps.     It  seems 

gle  tax  on  "land"  (meaning,  no  doubt,  "land-value"  as  there  »o    the     writer    that     the     bearing    in     the     chair     would 

is   a  different   meaning  between   the  two   terms)    is   "based  become   smooth   from  the   constant   pounding,   which   would 

on  fallacious  reasoning."  yet  you  add  that  "there  was  real  decrease  the  resistance  to  longitudinal  movement, 

merit  in  his  suggestion  that  the  public  should  share  in  the  The   so-called   "creep"   question   is   on   par  with   its   twin 

unearned  increment  in  land  values."  brother   "corrugation,"   in   which   barrels   of  ink  have   been 

The  sum  and  substance  of  "Progress  and  Poverty"  is  that  spread  in  "fine  haired"  theory,  and  barrels  of  money  spent 
the  public  owns  that  which  it  creates;  i.  e.,  land  value,  just  'or  cure,  but  so  far  very  little  for  prevention, 
as  the  individual  has  a  clear  title  to  all  that  he  creates,  Two  out  of  hundreds  of  cases  the  writer  wishes  to  illus- 
which  is  everything  but  land  and  land-value,  air  and  air-  trate:  In  former  years  there  was  used  what  was  known  as 
value,  seas  and  seas-value.  In  other  words,  the  individual  the  "stub  toe"  switch,  since  substituted  by  "split  switch" 
has  created  no  part  of  our  worldly  sphere  that  existed  at  the  (points)  which  are  still  used,  the  writer  believes,  on  mining 
time  when  our  Creator  finished  the  job  and  turned  it  over  to  trams.  Usually  the  throw  end  had  about  2-in.  play  or  ex- 
us  to  exploit.  Neither  can  an  individual  create  Wall  st.  pansion  at  the  fixed  end.  Very  often  the  "fish"  bolts  would 
land-values  in  the  wilds  of  Wisconsin.  This  can  be  done  rattle  out.  and  all  there  was  to  keep  the  rail  from  turning 
only  by  a  city  of  souls.  If  this  is  "fallacious  reasoning."  over  was  a  few  spikes  at  the  "fixed"  end,  and  bridle  rods 
wherein  lies  the  "merit"?  If  we  allow  the  individual  to  at  the  free  end.  When  the  engine  was  struggling  with  a 
keep  that  which  he  has  not  earned  or  created,  is  burglary  heavy  "drag"  in  winter  with  the  track  covered  with  ice,  on 
right  and  proper?  In  view  of  the  untold  misery,  crime,  dis-  the  driving  wheel  touching  the  rail  it  would  slam  longitu- 
ease  and  sin  that  now  results  from  our  present  system  of  rtinally  under  the  engine  with  the  same  speed  of  the  rota- 
taxation,  can  we  honestly  legalize  the  private  appropriation  tion  of  the  wheel, 
of  publicly-created  land-values?  Also  another  instance:     At  the  bottom  of  a  heavy  grade 

You  state  that  "we  are  now  witnessing  a  radical  applica-  (bank)  about  88  ft.  per  mile  (1  in  66)  the  rails  wers  forced 

tion  of  this  idea  in  the  income  tax.  .  .  ."     The  present  in-  down  hill."  due  to  the  frictional  resistance  of  the  wheels 

elusion  of  taxable  incomes  cannot  be  classed  with  the  "un-  when  brakes  were  set  on  heavy  freight  "drags."     There  was 

earned  increment."   because  they  are   "earned"  even   if  the  trouble  with  the  rails  buckling  and  a  crossing  was  forced 

recompense  is  outrageously  high.     That  is.  work  has  been  out  of  line.     To  overcome  this  difficulty  the  section  foreman 

performed  regardless   of  the  amount  of  money  paid  in  re-  "swiped"  a  set  of  points  in  order  to  provide  expansion,  and 

turn.     If  it  is  proper  for  the  Government   (in  other  words,  applied  them  without  orders.     It  is  needless  to  say,  at  the 

the  public)    to  "appropriate"  the  excess  profits  of  Individ-  top  of  the  hill  at  the  point  where  the  driver  would  set  the 

uals,    wherein   lies    the   fallacy,   or   injustice,   of  the   public  brakes  the  joints  were  "stretched  out  to  the  limit." 

taking  all  the  wealth  of  its  own  creation   (land-value)   and  Mention  has  been  made  by  a  correspondent  from   South 

keeping  its  fingers  off  private  fortunes?  America  that  the   rail   travels   more  on   one   side  than   the 

Why   should    you    and   I,    as   a   partnership    or    firm,    rob  other.     This  is  undoubtedly  due  to  mechanical  reasons,  such 

"you"  to  pay  "our"  bills  and  at  the  same  time  allow  "me"  as  the  fastening  being  tighter  or  binding,  since  South  Amer- 

to  appropriate  "our"  earnings  for  "my"  private  use?   Where  ica  uses  the  "flat-footed"  rail  with  tie   (sole)   plates.     It  is 

would  "you"  get  off?     This  is  the  condition  that  you  and  I  possible  that  there  may   be   more  plates  on  one  side  than 

(as  the  public)  are  now  imposing  upon  you  (as  the  individ-  the  other,  as   the  plate   would  offer  less  resistance  to  the 

ual).  travel  of  the  rail  than  the  bare  tie. 

Your  "serious  objection  to  Government  price  regulation."  New  Y'ork.                                                        JOHN  JERVIS. 

as   killing   the  incentive   to  efficiency,   is  right   and   timely.  

When   the   public  cannot   keep   its   fingers  off  private   busi-  j'««t>'i           'i-urk'^-Vi             t-    (^       *■      f  1 
ness,  or  private  business  cannot  keep  its  fingers  off  public  Loading    KailS    Wltn    UltCner    at    LiOSt  OI  Z 
property,  there  is  bound  to  be  trouble,  and  that  is  all  that  CetltS  Per  Rail 
now  ails  our  present  svstem  of   taxation.     As  for  the  "ex- 
tremes   of   socialism"    that   vou    properly   fear,    our    Repub  By  using  a  railroad  ditcher  the  Crowell  &  Spencer  Lumber 
licans.    Democrats,    et   al.,    of   the    political    sects    are    now  Co.,  of-Longfileaf,  La.,  was  able  to  load  60-lb.  rails  from  piles 
steeping  us  into  a  chaos  of  radical  socialism  unexpected  by  onto  flat  cars. at  a  cost  of  about   2  ct.  per  rail.      The  crew 
even   the   most   ardent   socialists.     As   regards   your   appre-  consisted   of   the   ditcher   operator,   fireman,   and   a   section 
hension   of   "unregulated   individuals."    assuming   that   such  few  of  3  men  and  foreman.     Its  duties  were: 
individuals  would  actually  constitute  the  menace  that  your  One  man  operating  ditcher. 

statement    suggests   and    bearing   in   mind    that    you   and    I  One   fireman.      As  wood  was  burned,  it  was  his  duty   to 

would    undoubtedly   be   included   among   the   "unregulated,"  keep  a  supply  of  it  on  the  ditcher, 

ke  have  jails  for  them.                        THOMAS  X.  ASHTOX.  One  man  to  put  stakes  in  pockets,  carry  water  and  load 

Fall  River,  Mass.  spikes  and  angle  bars. 

One  man  on  car  to  keep  rails  straight  and  unhook  tongs. 

Frequently  entire  cars  were  loaded  without  it  being  neces- 

R.3il    Creep  ^^^y   ^°  unhook  the   tongs   even   once.     When  the  operator 

dropped  the  rail  1  or  2  feet  the  tongs  usually  let  go  them- 

To  the  Editor:     Referring  to  the  article  "Rail  Creep"  in  opiyes 

your  July  31  issue:     In  the  opinion  of  the  writer,  the  word  '   one' man  on  the  ground  to  hook  the  tongs. 

"creep"  is  a  misnomer.     It  gives  the  impression  that   it  is  ^^^    foreman,    who    kept    the    rails    turned    ball    up. 

similar  to  expansion,  as  on  a  bridge  span  or  rail  itself.  ,j.,^jg  ^^^^^.  ^^.^^^^  ^j^^  American  ditcher  loaded  2,083  rails  in 

In  the  estimation  of  the  writer  where.  "Jonah  is   in  the  o  days,  the  actual  working  time  being  4%,  0V2  and  6  hours, 

whale"  is  the  crude  design  of  track  taken  from  horse  car  The  ditcher  was  on  its  own  flat  car  and  loaded  onto  empties 

days  and  mining  tram;  namely,  space  between  rail  ends  for  ^gt    in    front    and    behind    it.      The    daily    cost    of    the    rail 

expansion,  and  the  rail  not  anchored  to  the  tie   (sleeper).  loading,  according  to  the  American  Ditcher  Scoopings,  was 

He  hopes  to  illustrate  this  by  observations  taken  in  below  ^g  follows: 

zero   weather,   when   snow   and  ice  have  lodged  under  the  Ditcher  operator    i  5-00 

rail.      On  level   track,   when   the   engine   is   "churning,"   the  Ditcher  fireman    2.50 

rail  is  "jarred"  ahead  by  the  front  truck,  and  then  pulled  Gang°(orlman*".'^".^'":'^:  i : ! '. : ! '. ! ! ! '. '.i '. !  i : !  ^ ! '.  ^ : .'     3^25 

back   by   the   tractive   effort   of  driving   wheels.     On    down  Fuel    (wood)    i.OO 

grade  it  is  driven  ahead  by  the  pounding  on  the  joints  and  '-"'•  "'^-ste.  etc • 

frictional   resistance    of   the    wheels   when   the   brakes   are  Total    $19.75 

'(72) 


October  16,  1918. 


ENGINEERING    AND     CONTRACTING 


359 


CnniDiinf-ivo  (\)v;t«i  <inrl  Ro*;iilf«i  i^i  ''"""■  ""'"'"^'^'^  ""■>  "^'^  ■"""'*  i'<*»-  «''»>    '"  other  words,  the 

V>.UnipardlI\  C     V.OSrS    anCl    I\CSUirS    OI  ,.„„j,  «j,h  ti,e  machine  «..rfuced  a  mll^  In  16  davs  and  wlth- 
Hand    and     Machine     laninini!  "ut  a  machine  in  ;{2  day.s.     Ordlnarll.v,  with  laborers-  wages 
.                             *          "  iit   22  ct.   per  hour.  It   will   co.st  from   10  to  25  ct.  each  to 
of    Tics  '"'"P  *  "^  *'"'  ^  tampinK  pick. 
Tl,.-    \.«     York   C.ntral    H.    K.    Ije^an   ..vpcriiiitntinK   with  Comparative  Cost  of  Tie  Tampinfl  by  Hand  and  by  Pneu- 
n»-chankal   tie   tampers   In    IHIH.      .At   the   present   time   the  ""*'"=   °",*"*- ,   '^   ifil'^-tltlve   lest   conducted   on   on-  of   the 
companv    Is    ..mplovlng     the    two    and    four-tie    pneumatic  """^''   '"""■"'"1«.    Hand    vs.    .Machine   tampinK.   using   a   four- 
tamper  outnts.  the  two  tamper  electric  outfit  with  electric  '^"'P^''  «•»«"""«  ""'"••  «a8  as  follows: 
generator  set.  the  two  tamper  electric  with  re.slstance  set  NumUT             i?"'"'*"        Keetoftraclt 

and  two  tamper  electric   with  compound   motor  set.     Inter-      Hund  khui;   °.  W "'  ""g*'  '""sSo**' 

estlnp  data  on   the   use  of  these  outtils   were   given  by   Mr.  MnrM"'"'^"' 

»;,  W.  Vaughan.  Kngineer   Maintenance  of  Way.  New   York      '     Fort-ni;in       '"' 

fenlral    K.    H..   in   a   paper  presented   before   the   New   York      •'^^'vint;  jO  Time  80  hours  28 

Hailroad  Club.     .-Xn  abstract  of  the  paper  follows:  Expenses 

General      Results     with     Pneumatic     Tie     Tampers.— The  .Vuniber                     overhead, 

tampers  are  handled   by   ordinary   laborers,   who  hold   them  ||.,„(|     .     ,                                 of  rnen.     ^J'ases.           etc.           Total. 

in  a  vertical  position  with  the  broad  face  of  bar  against  the         '  Korpman. ".' ''  ^'  »i'..50 

tie  until  the  end  of  bar  reaches  the  bottom  of  the  tie,  then.      -^lafh'no  sanR  6  »1S.30.  $6.95  |2o.4i 

by  swinging  them   back  to  the  proper  angle,  the  ballast  is      .savinf,-    ....' jO  »I8  05 

driven   under  the  center  of  the  tie.  Saving  in  Favor  of  Machine  Tamping. 

In  it.,   work  the  tool  tamps  the   ballast   under  the  tie,  in  '"  '"""""*'  "■■'''"'"  "'  -'"  "■'''''  »'  ^'^''^ «■«'«"'» 

about    the    same    manner    only    more    thoroughly    than    the  °°    ^''^    ^''"    Francisco-Oakland    Terminal    Ry.,    the    first 

tamping   picks.     The   pneumatic    tamper,    however,   can    be  '^°^'   ^'^^   *  prime  consideration,   owing   to  the   widespread 

used  more  advantageously  in  many  ways,  especiallv  around  "^^'^  °^  retrenchment,  and  the  cost  of  the  compressor  was 

slip  switches,  and  in  tunnel  work  where  a  small  number  of  ^^"^^i  by  using  a  battery  of  six  lift,  capacity  pumps  on  a 

men    with    tampers    will    do   the   work    under   traffic    where  truck.      These    tampers    proved    particularly    successful    in 

formerly  large  gangs  were  employed  and  traffic  discontinued  tamping  heavy  special  work.     On  this  railroad  they  allowed 

while  work  was  being  done.     In  one  particular  case.  6  men  ^  ™^"  *'''^  ^^^  machines  for  work  which  formerly  required 

did  the  work  of  30  men.  ^^-     ^f  the   6  men  one  is  stationed  to  flag  vehicles,  while 

The   pneumatic   tampers    do    better    and    more   thorough  another  handles  the  connection  to  the  trolley  wire,  leaving 

work  than  can  be  done  with  picks  or  bars  in  the  hands  of  ^^^  remaining  four  to  do  the  tamping. 

the  average  track  laborer.  The  track  laborers  prefer  these  ^^"''  '^^°''  ^^  ^--^^  P^""  ^^y-  'h^  relative  costs  are:  Air 
tools  to  tamping  picks  or  bars  on  account  of  the  ease  in  tamping  Jl.S.  hand  tamping  $40.  a  saving  of  $25  per  day. 
handling  and  because  thev  can  tamp  the  ties  without  bend-  -'^^  ^  matter  of  fact  the  tie  tampers  paid  for  themselves 
ing  their  backs.  within  10  days.  The  tampers  are  aI.so  used  for  flat  tamp- 
There  is  no  difficulty  in  holding  the  tool  to  tamp  directlv  '"^  in  advance  of  concreting,  fitted  with  chisels  when 
under  the  rail,  in  and  about  turnouts,  frogs  and  other  -^vanted  for  chipping  concrete  and  with  cutters  when  used 
(ramped   quarters,   or  at   water  pans   where  track   is   more  '°  stripping  out  asphalt 

or  less  flooded  with  water.     The  operation  of  the  pneumatic  ^  '^'^^  ™^^e  on  the  New  York  Central  R.  R.  to  determine 

tampers  is  more  efficient  here  than  any  hand  tamping  tools.  ^^^  ^^^'^  *"d  "■^t^  °f  "^^^^  ^'^s  as  follows: 

Owing  to  the  shortage  of  labor  during  the  year  past,  the  d.mly  COST  WITH  M.vCHIXE. 

force  on  a  4-track  railroad   with   sections  of  11   equivalent       '  fnrenian.  lO  hours  at    32  ct »  3.20 

miles  have  consisted  of  a  foreman,  two  men  and  a  tamp-  W^Vl  i?  ^^^ ^"u  ex.. '^.':'::::::::. ::::::: :.::::::::[  lit 

ing   outfit.     By   leaving   the   outfit   out   on   the   line   and   by       •  Ml— 2  piiit.-^  at  6  ct ..'.....['.'.]]'.[[[    '!i2 

using  a  work  train  crew  to  shift  it  each  morning  or  night,  Total                                                                                         TlFoo 

the  foreman  was  able  to  tamp  every  tie  in  his  two  fast  ex-  ^^^^^  -;:^,^  wiTHOfT  MACHINE." 

press  tracks   m   addition  to  installing  ties  and  taking  care       i  foreman,  ic  hours  at  32  ct j  3  20 

of  other  work  ordinarily  done  by  a  gang  of  10  men.  *  men.  lo' hours — 40  hours  at  22  ci.................... '.'.'.'.'.'.    siio 

Ties  can  be  dug  out  and  other  ties  can  be  spotted  in  and  Total                                                                                          ..,  .- 

thoroughly   tamped    without    disturbing    adjacent    ties,   thus  cost  pfrmitp  op  track- ' 

expediting   tie   renewals   and   resurfacing  of  the   track.     By       without  machine  32  days  at  Vl2      ..  ,384  00 

equipping   it    with  a  rose   drill,   it   can   he   used   for   drilling       with  machine.  16  days  at  Jl.'i.no   210.00 

holes  in  rock  excavations.  _.„  .     ,  ,         ,  ,  

_,,,..  ...  .  Difference  m  favor  of  machine   $144.00 

Track   surfaced   bv   pneumatic   tie  tampers  is   more  even 

in    surface   and    stands   up   longer   under   traffic    than    when  ^^^^^  ^^^  ^^'''  ^'°^^  Central  R.  R.  began  the  use  of  tamp- 

tamped  by  hand.     As  an  illustration.  2  miles  of  track  on  a  '''"''  "'*'  "^^^'  charges  were  assumed  as  follows: 

good   sub-grade   on    the   .\'ew    York   Central   was   tamped   bv  nepreciatlon  at   10^ 

...  .         ,    ,  .  I  merest    at    3"V 

machine  and   was   not   resurfaced   for  two  years,   there  not  itepair.v  at    i% 

being   a   soft   spot    that   needed   it.  Total  (Ixed  chHrges '.'.'.'.'.'.'.'.'.'.'.'.'.'.'.20% 

.\nother  section  of  6  miles  in  length  (9  equivalent  miles)  The  experience  for  several  years  indicate  that  the  depre- 
on  account  of  bad  bottom,  was  very  difficult  to  keep  in  good  elation  and  repairs  are  much  less  than  that  assumed.  How- 
condition.  For  the  last  two  years  this  section  has  been  ever.  It  continues  for  the  present  to  use  the  above  figures, 
kept  in  good  condition  with  a  force  consisting  of  a  foreman.  It  has  been  found  that  under  normal  conditions  each  ma- 
four  men  and  a  tamping  machine.  This  could  not  have  chine  will  be  used  for  tamping  20.000  ties  per  season.  On 
been  done  without  the  machine  except  by  a  larger  gang.  this  basis  the  fixed  charges  amounts  to  $.02  per  tie,  or  $64 
All  foremen  who  have  used  machines,  agree  that,  when  per  mile  surfaced.  Therefore,  allowing  for  fixed  charges 
they  have  a  machine  with  a  small  gang  of  men.  they  can  in  the  above  statement,  there  will  be  a  saving  In  favor  of 
get  work  done  that  it  would  be  Impossible  to  do  with  a  the  machine  of  $80  per  mile, 
small  gang  without  the  machine.  The   New    York   Central    machines,   under  adverse   condi- 

Beslde   the  advantages   mentioned  above  there   is  an   Im-  tions.  have  been  used  for  surfacing  from  3  to  6  miles  per 

mediate   economy   In   the  use  of  the   machine,   because   the  .season   and.   normally,   should   average    at     least     6     miles, 

work  can  be  done  more  cheaply      During  1917,  observations  Hence  the  annual  saving  per  machine  Is  quite  substantial, 

were  taken  on  three  main  line  sections,  on  each  of  which  This  does  not  take  into  account  the  secondary  saving  due 

the  New  York  Central  R.  R.  had  a  foreman  and  four  men.  to  the  greater  stability  of  the  track. 

with  a  2-tool  pneumatic  tamping  outfit  and  giving  the  track  Electric  Tie  Tampers. — Electric  tie  tampers  were  first 
a  surfacing  lift  of  from  1  in.  to  1'4  in.  Each  gang  surfaced  used  on  the  New  York  Central  in  1913.  These  have  been 
an  average  of  10  rails  a  day.  while  It  was  found  that  a  same  Improved  until  the  present  type  of  machine  has  been  de- 
size   gang,   without   a   machljie,  and   under  the   same  condl-  veloped.     The  tampers  now  used  weigh  90  lb.  complete,  the 
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tamper  weighs  86  lb.,  and  the  bar  4  lb.  The  motor  is  con- 
tained in  a  bell  on  the  side  ot  the  machine  and  drives  a 
crank  in  the  back  of  the  casing.  The  crank  in  turn  moves 
a  reciprocating  cylinder  within  which  is  a  tree  piston  driven 
back  and  forth  by  the  air  compression  in  the  cylinder  and 
a  solenoid  at  the  lower  end  of  the  tamper,  the  reciprocating 
cylinder  shifting  the  magnetic  field  produced  by  the  sole- 
noid. Suitable  handles  are  provided  to  support  the  tool 
at  its  center  of  mass  and  a  specially  designed  nose  piece 
holds  the  tamping  bar  in  place.  The  control  is  located  in 
a  switch  mounted  in  the  upper  handles.  On  account  of  the 
weight  it  requires  two  men  to  operate  each  machine. 

Twelve  of  these  machines  are  now  being  used  in  the  elec- 
tric zone,  and  others  are  in  service  on  the  exterior  zone. 
In  the  electric  zone  current  is  taken  from  the  third  rail  and 
is  conveyed  to  the  machine  through  resistance  boxes  by 
means  of  a  contact  device  which  is  laid  across  the  rails. 
The  resistance  used  is  similar  to  that  in  the  heaters  in- 
stalled in  electric  cars.  The  resistance  unit  is  10V4  in.  high, 
12  in.  wide  and  42 Vi  in.  long.  In  the  exterior  zone  the 
power  is  secured  from  a  generator  set  mounted  on  a  hand 
car  which  weighs  complete  2,150  lbs.  The  equipment  con- 
sists of  a  car  and  4-HP.  gasoline  engine  connected  to  a  220- 
volt  generator  and  equipped  with  a  clutch,  so  that  the  en- 
gine may  be  used  to  drive  the  car.  The  outfit  supplies 
ample  power  to  operate  two  tampers  with  a  surplus  for 
lights  and  drills. 

As  a  further  development,  it  has  been  planned  to  use  the 
tampers  in  the  electric  zone  between  Utica  and  Syracuse. 
In  this  district,  because  of  the  varying  voltage,  it  is  not 
possible  to  use  the  resistance  as  in  the  islectric  zone.  In- 
stead, it  is  proposed  to  use  a  motor  generator  set  in  which 
both  the  motor  and  generator  set  are  compound-wound. 
This  motor  generator  set  is  so  designed  as  to  take  care  of 
the  fluctuation  in  the  voltage  and,  as  the  weight  is  only 
240  lb.,  it  can  be  easily  handled  by  three  men. 

The  generator  set  is  enclosed  in  a  strongly  constructed 
box  and  moved  to  points  where  required.  A  third  rail  con- 
tact device  has  been  designed  which  need  not  be  removed 
for  traffic.  The  cost  of  current  for  operation  is  7  ct.  per 
hour  on  the  basis  of  3  ct.  per  K.  W.  plus  10  per  cent  for 
accounting. 

In  tamping  track,  the  machines  are  generally  operated  iu 
sets  ot  three,  so  that  in  case  of  accident,  an  extra  tamper 
Is  at  hand  with  which  to  continue  the  work.  The  tamp- 
ing is  done  by  two  machines  working  simultaneously  on 
opposite  sides  of  the  tie.  With  them  it  is  possible  to  tamp 
ties  closer  together  than  would  be  possible  to  tamp  by 
hand,  all  the  space  necessary  being  that  into  which  the 
tamping  bar  can  be  driven.  They  are  especially  useful 
around  switches  where  the  ties  are  closely  spaced.  Some 
interesting  data  has  been  compiled  showing  the  cost  of 
work  with  the  machines  as  contrasted  with  hand. 

Cost  of  Tie  Tamping  with  Electric  Outfits. — A  test  was 
made  with  a  set  of  electric  tampers  late  in  the  winter  under 
unfavorable  working  conditions.  They  were  operated  in 
this  case,  from  an  engine  generator  set  mounted  on  a  car. 
The  outfit  was  assigned  to  a  regular  main  line  section  gang 
consisting  of  one  foreman  and  five  men.  Two  men  were 
assigned  to  each  machine,  which  is  necessary  on  account 
ot  the  w-eight.  Four  men  were  doing  the  tamping  and  the 
fifth  digging  out  and  feeding  ballast  to  the  machine,  dress- 
ing up  track,  etc.  The  work  consisted  in  making  the 
final  surface  after  the  track  had  been  raised  12  in.  pre- 
viously but  had  not  yet  been  put  in  service,  the  ties  being 
tamped  16  in.  on  the  outside  of  the  rail  and  8  in.  on  the  in- 
side. Under  these  conditions  an  average  of  27  ties  were 
tamped  per  hour.     The  daily  cost  of  the  work  was: 

1  foreman.   .S  hours  at   32  ct ?  2.5(> 

5  men,  8  hours — 40  hours  at  1'2  ot S.SO 

Gasolene,  4  gal.  at  24  ct 96 

Engine  oil,   %   pint  at  6  ot .04 

Total    per   dav    $12.36     $12.36 

Time  of  crew  going:  to  and  from  work    1.42 

Total   cost    $13. TS 

Tie.s    tampert     216 

Cost  per  tie   $n.064 

Another  test  of  tamping  by  hand  under  similar  condi- 
tions shows,  with  the  above,  the  comparative  cost  of  tamp- 
ing by  hand  and  by  machines.  Tamping  by  hand,  one  fore- 
man and  six  men  at  a  cost  of  $14.76  per  day,  tamped  one 


mile  of  track  in  26  days,  or  a  total  cost  per  mile  of  $383.76. 
The  gang  with  the  electric  outfit  tamped  a  mile  in  15  days, 
which  at  $13.78  per  day  makes  a  total  ot  $206.70  per  mile, 
showing  a  difference  in  favor  of  the  machine  of  $177.06 
per  mile. 

The  cost  of  tamping  with  electric  tampers  per  foot  of 
track,  including  fixed  charges,  figures  up  as  shown  below. 
The  fixed  charges  are  calculated  on  the  basis  of  the  actual 
costs  of  one  engine  generator  set  mounted  on  a  car;  two 
electric  tampers;  two  resistances;  including  contacts, 
cables,  etc.,  which  are  used  when  current  is  taken  from  the 
third  rail  instead  of  the  engine  generator  set.  The  fixed 
charges  per  day  are  based  on  the  assumption  that  the  ma- 
chine will  be  in  service  180  working  days  per  year: 

TIK    TAMPERS    OPERATED   FROM   A    GENERATOR. 

operation — 

Foreman,   10  hours  at  32  ct $  3.20 

Ti  men,  10  hours  each — 50  hours  at  22  ct 11.00 

Or.solene,   4  gal.   at   24   ct 96 

Engine  oil,    --i   pint   at  6  ct 04 

Ki.xetl  Charges — 

I>epreciation — generator  at   15%    42 

1  >c-preciation — t\^'o   tampers   at   30%    67 

interest    and    maintenance — generator   at    10%    28 

Interest  and  maintenance — 2  tampers  at  15% 33 

Total   per  day    $16.90 

Average  o(  356  ft.   tamped  per  day — 

Total  cost   per   ft $0,047 

TIE    TAMPERS    OPERATED    FROM    THIRD    RAIL. 
Operation — 

1  foreman,    10   hours  at    32    ct $  3.20 

i:  men.  10  hours — 60  hours  at  22  ot 13.20 

Power.   96  K.   W.   hr.   at  1  ct 96 

Fixed  Charges — 

Depreciation — 2    tampers    at    30%     67 

Depreciation — 2   resistances  at   1.5%    OS 

Interest  and  maintenance — 2  tampers  at    15%    .33 

Interest  and   maintenance — 2  resistances   at   10% 06 

Total   per   day    $18.50 

.\verage  of  356  ft.  tamped  per  day — 

Total    cost    per    ft $0,052 

In  above  test  the  tampers  were  in  actual  service  an  aver- 
age of  eight  hours  out  of  a  10-hour  day.  Where  the  tamp- 
ers are  operated  from  the  third  rail  six  men  in  the  gang 
are  necessary,  as  a  watchman  is  employed  who  does  not 
do  anything  except  to  look  out  for  trains. 


Rules  for  Foremen 

The  following  rules  are  reiirinted  from  the  Efficiency 
Magazine: 

Be  Fair.  Have  no  favorites  and  no  scapegoats.  A  fore- 
man has  to  act  as  judge  many  times  every  day;  therefore, 
he  must  be  just. 

Make  Few  Promises  and  Keep  Them.  A  foreman  must  be 
the  exact  opposite  o;  a  politician.  Politics  is  the  art  of 
making  promises;  and  sometimes  a  foreman  forgets  that  his 
job  requires  a  far  higher  standard  of  truth  and  honor  than 
prevails  in  politics. 

Don't  Waste  Anger,  Use  It.  Your  anger  is  the  most  valu- 
able thing  you  have;  but  you  should  not  use  it  carelessly. 
Keep  your  most  forceful  language  for  special  occasions. 
Before  a  foreman  can  control  other  people  successfully  he 
must  learn  to  control  himself. 

Always  Hear  the  Other  Side.  Never  blame  a  worker  until 
lie  has  been  given  a  chance  to  give  his  point  of  view. 

Don't  Hold  Spite — Forgive.  When  you  have  had  to  scold 
a  worker,  be  sure  that  you  go  to  him  the  next  day  in  a 
friendly  way  and  show  him  how  to  do  something.  There 
should  always  be  blue  sky  and  sunshine  after  a  storm. 

Never  Show  Discouragement.  Never  let  yourself  be 
beaten.  A  foreman  must  have  perseverance,  and  "never  say 
die." 

Notice  Good  Work  as  Well  as  Bad.  Mingle  praise  and 
blame.  Let  the  workers  see  that  you  can  appreciate  as  well 
as  condemn. 

Watch  for  Aptitudes.  Take  a  keen  human  interest  in 
your  workers.  Notice  them.  Study  them.  Put  each  one 
where  he  can  do  best. 

Be  an  Optimist.  Don't  let  your  worries  and  troubles  de- 
form you  into  a  pess.mist.  Inspire  confidence.  Put  the 
"righto"  spirit  into  the  works.  Say,  "Come  along,  men.  all 
together." 

Take  Your  Full  Share  of  the  Blame.  This  is  the  most 
difficult  of  all.  It  is  heroic,  but  the  foreman  who  can  share 
both  blame  and  praise  with  his  workers  will  have  discovered 
the  secret  of  managing  men.      • 
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Concrete  Caissons  of  Trapezoidal 
Section  in  Breakwater  (con- 
struction 

ConiTele  caissons  of  trapezoidal  section  are  being  used 
for  the  construction  of  llie  soiitli  brt-iikwaler  at  Racine. 
Wis.  Previously  concrete  caissons  of  rectanKiiiur  se<'lloii 
have  been  used  for  the  north  breakwater  at  Racine  and 
also  at  Milwaukee.  t^heboyKau.  Manitowoc  and  .MROina  har- 
bors on  the  west  shore  i>f  Lake  MichlKan.  The  trapezoidal 
section  was  adopted  prlnuirily  to  efffit  greater  economy  in 
breakwater  construction  aloim  witli  increased  stability. 
The  principal  savins  is  due  to  the  reduied  section  of  su- 
perstructure compared  to  that  of  the  rectangular  type,  the 
total  resultant  savins  amountins  to  $2n  or  more  per  linear 
foot  of  breakwater.  Three  heights  of  caissons  are  beins 
used  in   the  south  breakwater  at   Racine;     21   ft.  :f   In.,  18  ft. 


lacks  with  lie  roils  passlnfc  JUHt  above  the  top  and  below 
the  bottom  of  the  caisson.  The  entire  form  Is  set  In  ad 
\ance  if  roncreiinR,  which  is  done  In  one  continuous  opera 
lion. 

Caissons  are  allowed  to  harden  in  dayti  and  are  then 
launched  over  ways  having  a  slope  of  1  ft.  vertical  to  8  ft. 
horizontal.  The  ways  extend  from  a  height  of  about  3  ft. 
abi.ve  water  to  a  depth  of  about  2U  ft.  below  the  surface, 
so  thai  the  lamest  caisson  floats  free  of  the  shoes  with- 
out plunfsins  Klimlnatlon  of  plunginK  permits  the  niini- 
inuiu  amount  of  reinforcement  to  be  used  and  makes  it  un- 
necessary to  place  temporary  decks  for  launching.  Two 
launch  ways  are  provided  at  the  Milwaukee  plant  which 
makes  it  possible  to  build  and  launch  a  caisson  every  6 
to  9  days,  de|)en(linB  on  the  size.  The  launching  weight 
of  the  largest  size  caisson  is  a  little  over  .'>U0  tons. 

.■\fter  launching,  the  caissons  are  generally  sunk  on  Uie 
lake  bottom  near  the  plant  in  such  depth  of  water  that  the 
top   will   remain   above   the   surface.     When   delivery    is  to 


,'C--*'--J^t 


jr ^ef; 


Plan  and  Sections  of  54  ft.  by  20  ft.   10  in.  x  15  ft.  3  in.  Reinforced   Concrete    Caisson    for    South    Breakwater.    Racine.    W 


;;  in.,  and  15  ft.  3  in.  All  caissons  are  .54  ft.  long.  In  ft. 
wide  on  top  and  have  side  walls  sloping  1:3.  The  smaller 
sizes  are  formed  by  cutting  :!  ft.  in  height  from  the  bottom 
of  the  form  for  the  next  larger  size.  The  liottom  widths 
are  24  ft..  1'2  ft.  and  2u  ft.,  respectively.  Kach  caisson  has 
;!  cross  walls  10  in.  thick.  For  the  largest  size  caisson  the 
side  walls  are  12  in.  thick  at  the  top  and  16  in.  at  the  bot- 
tom; end  walls  are  16  in.  thick  and  the  bottom  24  In.  Sides, 
ends  and  cross  walls  are  provided  with  double  reinforce- 
ment, and  a  mixture  of  1:2:4  concrete  is  used,  tlie  coarse 
aggregate   being   1    in.    broken   stone. 

The  caissons  are  built  at  .Milwaukee.  Wis.,  by  hired 
labor  with  a  Covernment  plant  constructed  especially  for 
the  purpose.  The  plant  is  eciuipped  with  locomotive  crane, 
a  l-cu.  yd.  mixer  with  side  loader,  sand  and  stone  bins  for 
gravity  charging  and  sheds  for  steel  and  cement.  The 
crane  is  used  for  handling  forms,  setting  steel,  and  hoist 
ing   concrete. 

The  bottom  of  the  form  Is  a  3-ln.  plank  placed  on  block- 
ing. The  plank  remains  as  a  part  of  the  caisson,  being  an 
ihored  to  the  concrete  with  ^-in.  x  7-in.  wire  spikes.  The 
core  forms  are  supported  on  steel  knees  which  rest  on  the 
plank  bottom.  The  ends  of  the  core  forms  are  in  halves  so 
that  by  unbolting  the  center  joint  they  can  be  taken  apart 
for  removal.  The  bottom  reinforcing  steel  is  suspended  in 
position  from  the  cores  and  by  small  concrete  briquettes 
laid  on  the  plank  bottom.  The  reinforcing  steel  for  sides, 
ends  and  cross  walls  is  assembled  into  mats  over  templates 
on  the  wharf.  Is  hoisted  to  place  by  the  crane,  and  is  se- 
cured In  position  with  steel  spreaders  and  wire.  The  out- 
side forms  are  held  by  12-ln.  x  18-ln.  trussed  timber  strong- 


be  made,  they  are  syphoned  out,  provided  with  temporary 
deck  and  towing  rig  and  towed  to  Racine  where  they  are 
transferred  to  the  contractor  for  the  breakwater  work. 

The  decks  are  :;  in.  in  thickness,  consisting  of  2-in.  T.  *i 
Ci.  plank  and  1-in.  matched  lumber  between  which  is  a 
layer  of  painted  canvas.  Each  deck  consists  of  four  sec- 
tions which  are  secured  in  place  by  anchor  bolts  embedded 
in  the  top  of  side  and  end  walls  of  the  caisson  when  mould- 
ed. The  decks  are  drawn  down  on  a  "^j-in.  water  hose 
placed  on  top  of  the  caisson  walls  to  secure  watertight- 
ness  and  the  joints  between  sections  are  calked.  The  tow- 
ing speed  is  2',^  to  3  miles  per  hour  with  two  caissons  per 
trip.  Decks  are  removed  by  the  contractor  at  Racine  and 
returned  to  Milwaukee  on  a  small  scow  taken  with  each 
tow   for  that   purpose. 

The  breakwater  Is  being  built  on  a  stone  foundation  with 
trench.  .\  trench  with  a  bottom  width  of  about  40  ft.  and 
a  depth  of  4  ft.  below  the  natural  sand  bottom  of  the  lake 
Is  dug  anil  then  tilled  to  a  depth  of  4  ft.  with  flux  stone 
from  dump  scows.  The  remaining  height  of  the  founda- 
tion is  made  of  ao  to  20(»-lb.  stone,  except  that  a  thickness 
of  about  1  ft.  at  the  top  consists  of  stone  weighing  from 
10  to  .lO  lb.  each  so  that  leveling  can  be  done  as  easily  as 
possible.  The  leveling  Is  done  by  divers  so  as  to  provide 
a  uniform  bearing  over  the  entire  bottom  area  of  the  cais- 
son. A  small  amount  of  .'lOO-lb.  to  1-ton  stone  is  placed 
on  the  lake  side  of  the  foundation  to  prevent  wave  action 
from   disturbing   the   smaller   stone. 

Caissons  are  floated  to  place  and  sunk  onto  the  Ftone 
foundation  by  filling  them  with  water,  either  "-rough 
syphons  or   by   pumps.     Stone   weighing  50   to  200  lb.  and 
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also  sand  is  used  to  fill  the  caissons  to  witliin  4  ft.  of  the 
top.  The  sand  or  stone  filling  is  sealed  over  with  6  in.  of 
meager  concrete  placed  in  the  dry,  to  prevent  loss  over- 
board by  wave  action  before  the  superstructure  is  built. 

The  concrete  superstructure,  which  is  made  of  1:2:4 
concrete,  using  -%-in.  broken  stone,  extends  from  the 
meager  concrete  to  a  height  of  314  ft.  above  the  top  of  the 
caisson.  Timber  forms  are  used  for  molding  the  upper  3% 
ft.  and  concrete  is  deposited  in  the  dry.  The  top  of  the 
completed  structure  is  4  ft.  above  U.  S.  datum  for  Lake 
Michigan  or  about  5  ft.  above  mean  lake  level. 

Where  sand  filling  is  used,  a  well  12  in.  square  is  pro- 
vided, which  extends  from  the  sand  filling  up  through  the 
superstructure  to  within  6  in.  of  its  top.  A  2i^-in.  pipe 
with  cap  extends  from  the  top  of  the  well  to  the  top  of 
the  superstructure.  The  well  and  pipe  will  permit  sound- 
ings to  be  taken  from  time  to  time  in  each  pocket  of  the 
caisson  to  determine  whether  or  not  there  has  been  loss 
of  sand  through  cracks  in  the  caisson  walls,  which  might 
possibly  develop  on  account  of  uneven  settlement  on  the 
foundation  or  from  other  causes.  In  case  of  serious  loss 
of  sand  filling,  it  is  proposed  to  fill  the  void  with  grout 
placed  through  the  pipe  and  well. 

The  total  length  of  concrete  caisson  breakwater  to  be 
built  it  1,512  ft.  of  which  702  ft.  remain  to  be  completed 
this  season.  The  work  of  building  the  foundation,  sinking 
and  filling  caissons  and  molding  concrete  superstructure  is 
being  done  by  Greiling  Bros.  Co.  of  Green  Bay,  Wis.  Robert 
Moser  is  their  local  superintendent  of  construction.  The 
work  is  being  done  under  the  direction  of  J.  A.  B.  Tomp- 
kins. District  Engineer  for  the  U.  S.  Engineer  Department. 
E.  M.  Nisen  is  U.  S.  Assistant  Engineer  and  A.  I.  Reed  is 
U.   S.   Inspecting   Engineer. 


Railway  Ditching  With  Teams  and  Scrapers 
And  With  Steam  Ditchers 

In  a  committee  report  submitted  at  the  recent  convention 
of  the  Roadmasters  and  Maintenance  of  Way  Association 
it  is  stated  that  teams  and  scrapers  have  given  good  results 
in  railway  ditching.  Dirt  can  be  handled  in  this  way  in  very 
short  cuts  and  across  track  for  20  to  25  ct.  per  cu.  yd.  These 
figures  are  based  on  teams  at  80  ct.  per  hour  and  labor  at 
25  ct.  Where  heavy  ditching  is  to  be  done  the  committee 
recommends  the  use  of  steam  ditchers,  together  with  at 
least  two  16  to  20  yd.  side  dump  cars  and  a  spreader  car  for 
short  hauls.  For  a  longer  haul  from  four  to  six  side  dump 
cars  should  be  used.  A  light  engine  can  be  assigned  to 
this  work.  With  an  outfit  of  this  kind,  which  includes  a 
train  crew,  ditcher  engineer  and  firemen,  dirt  can  be  han- 
dled for  10  to  25  ct.  per  yard,  depending  on  the  haul. 


Attendance  at  German  Technical  Schools. — The  number  of 
students  at  technical  schools  of  Germany  is  70  per  cent  less 
than  in  pre-war  times,  according  to  a  IT.  S.  Consular  Report, 
which  bases  its  information  on  an  article  in  Aug.  27  Frank- 
furter Zeitung.  In  the  eighth  war  semester — the  summer  of 
1918 — states  the  report,  the  11  high  technical  schools  of  the 
Empire  had  2.231  students  on  the  rolls,  as  compared  with 
1,721  in  1917,  and  about  12,000  at  the  outbreak  of  the  war. 
The  increase  over  1917  is  due  chiefly  to  the  return  of  stu 
dents  from  the  field,  some  of  whom  were  furloughed  to  fin- 
ish their  studies,  while  others  were  invalided  home.  The 
school  registers  carry  10,145  names  of  students  "on  leave." 
Among  the  students  in  attendance  were  183  women,  most 
of  whom  are  studying  architecture  or  chemistry.  The 
schools  had.  in  addition,  916  men  and  1246  women  registered 
as  "guests"  (hospitants),  so  that  the  total  number  of  per- 
sons in  attendance  was  4393,  as  against  13,000  to  14,000  in 
peace  time.  The  school  at  Aix-la-Chapelle  showed  the  great- 
est increase  in  the  number  of  students,  owing  to  a  larger 
attendance  of  students  from  Luxemburg.  Charlottenburg 
had  429  students  in  attendance,  holding  thus  the  first  place, 
as  it  did  in  peace  times.  Then  followed  Munich,  with  410 
students;  Dresden  had  273;  Aix-la-Chapelle,  253;  Darm- 
stadt, 174;  Karlsruhe,  162;  Hanover,  152;  Danzig,  123; 
Stuttgart,  114;    Brunswick,  75;    Breslau,  66. 


Proper  Forming  and   Treating  of 
Bits  Increase  Drilling  Efficiency 

That  increased  efficiency  in  drilling  can  be  obtained  by 
proper  forming  and  treating  drill  bits  is  pointed  out  by  Mr. 
Howard  T.  Walsh  in  an  article  in  Mine  and  Quarry.  The 
accompanying  curves,  reprinted  from  his  article,  show  re- 
sults that  were  obtained  by  one  of  the  largest  copper  mines 
in  this  country.  Lines  OA,  OB,  OC  show  drilling  speed  in 
inches  per  minute  obtained  with  their  standard  machine- 
sharpened  drill  bits  using  Vs-in.  changes  in  gage.  Lines 
OA',  OB',  OC  show  results  obtained  by  using  bits  with 
proper  reaming  edges  and  faces  and  a  1,16-in.  change  In 
gage.  In  addition  to  increased  drilling  speed,  their  steel 
breakage  has  decreased  from  10.5  per  cent  to  1.5  per  cent 
and  the  amount  of  footage  obtained  from  each  steel  before 
resharpening  was  increased  50  per  cent. 

Mr.  Walsh  states  that  a  number  of  vertical  gaging  dies, 
furnished  with  the  Sullivan  sharpeners,  may  be  used  in 
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Relative    Drilling    Speeds. 

forming  bits  with  correct  reaming  edges  and  faces.  These 
dies  are  equipped  with  a  positive  gaging  device  arranged 
for  1/16-in.  changes  in  gage.  If  any  mine  official  will  go  into 
this  situation  carefully,  he  may  expect  approximately  the 
following  results:  Increased  drilling  speed  from  40  to  100 
per  cent;  decreased  steel  breakage;  increased  footage  from 
each  steel  sharpened;  lower  sharpening  costs;  less  time  lost 
underground:   and  life  of  drilling  machines  increased. 

In  using  the  gaging  dies,  the  bit  is  upset  in  the  clamping 
die  by  the  horizontal  hammer  and  dolly  in  the  usual  man- 
ner. The  vertical  dies  are  adjusted  to  the  proper  gage  by 
means  of  the  key  and  thumbscrew.  The  proper  gage,  ream- 
ing edge  and  wing  taper  are  applied  by  hammer  action 
under  the  vertical  swaging  hammer.  Changes  in  gage  for 
the  different  steels  in  a  set  are  made  in  a  few  seconds. 

The  popular  "bull"  bit.  the  familiar  "cross"  bit  or  the 
new  "double  arc"  bit  can  be  made  in  these  dies  rapidly  and 
cheaply.  The  all-hammer  process  and  the  alternation  be- 
tween the  dolly  and  vertical  swages  compact  the  metal  and 
improve  its  wearing  quality. 


Street  Car  Fares  Increased  in  240  Cities. — Up  to  Aug.  1, 
street  car  fares  have  been  increased  in  240  cities  in  the 
United  States.  These  cities  have  a  population  of  12,000,000. 
The  amount  of  increase  ranges  from  a  straight  10  ct.  fare 
to  the  abolition  of  workmen's  rates.  Three  cities,  one 
which  is  Tacoma  with  municipal  lines,  have  a  10  ct.  fare. 
One  city  has  an  8  ct.  fare,  and  43  cities  have  a  7  ct.  fare. 
Boston  is  the  largest  city  in  which  this  latter  rate  is 
charged. 
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Labor  Saving  Appliances  for  Rail 
Renewing 

Three  typfs  of  spfiially  dcvisi-il  riiachliit's  urf.boiiiK  iiHed 
ill  mil  renewiil  work  with  excellent  success  by  the  Main- 
tenance of  Way  Department  of  the  ChicaKO,  llurltnglon  & 
gulncy  H.  H.  These  inacliines  were  described  In  a  recent 
issue  of  the  Kuilway  Review,  to  which  we  are  indebted  for 
the  illustrutions  and  infurniatiun  that  follow. 

Rail    Handling    Machine.     This   machine,   Fig.   1,   picks   up 


Fig.    1  — Rail    Laying    Machine. 

rails  which  have  been  distributed  along  the  track,  and  lifts 
them  into  position  for  laying  in  the  track.  Four  men  are 
required  to  operate  and  perform  the  work  expeditiously; 
namely,  one  operator  to  handle  and  take  care  of  the  ma- 
chine;  two  men  to  steady  the  ends  of  the  rail  which  is 
fceing  picked  up.  and  one  man  at  the  center  to  apply  the 
rail  tongs.  This  machine  can  pick  up  100-lb.  rails  up  to  Si- 
ft, in  length  and  place  them  in  position  at  the  rate  of  90 
rails  per  hour,  if  necessary. 

Power  is  furnished  by  a  4Vixo%,  four-cylinder  gasoline 
motor  and  so  connected  that  the  operator  can  move  the 
machine  in  either  direction,  at  a  speed  varying  from  4  to  16 
miles  per  hour.  The  low  speed  is  used  while  laying  rails, 
and  the  high  speed  only  when  going  to  and  from  stations. 
.\11  levers  for  operating  the  hoist  and  machine  in  general 
are  conveniently  located  near,  and  manipulated  from  the 
operator's   seat. 

The  weight  of  machine  complete  is  approximately  4500  lb., 
and  it  is  so  constructed  that  four  men  can  remove  it  from 
track  in  less  than  six  minutes,  using  a  pair  of  specially  de- 
signed trucks  or  dollies,  which  are  placed  underneath  the 
frame,  allowing  the  machine  to  be  run  upon  two  crossing 
planks  laid  at  right  angles  with  the  rails. 

Suitable  trailer  cars  can  be  coupled  to  this  machine, 
whereby  a  gang  of  75  to  100  men  Is  quickly  conveyed  to  and 
from  the  work,  thereby  eliminating  the  necessity  for  hand 
or  motor  cars. 

In  addition  to  laying  steel  the  machine  is  used  to  haul  and 
distribute  extra  rails,  spikes,  bolts,  etc..  when  the  steel  gang 
is  closing  or  finishing  the  track.  It  Is  also  successfully  used 
as  a  rail  loader.  In  which  case  it  is  placed  and  anchored  on 
a  Hat  car.  and  while  the  train  Is  in  slow  motion  the  old  rails 
are  picked  up  and  placed  in  another  car  ahead. 

Recently,  one  of  these  machines  was  in  operation  near  a 
station  where  the  rail  was  distributed  on  either  side  of  the 
track  and  several  switches  which  were  to  be  placed  were 
piled  along  a  team  track.  With  this  machine  four  men  dis- 
tributed the  rail,  frogs  and  switches  in  two  hours.  It  would 
have  taken  I.t  men  six  hours  to  do  this  work  by  hand. 

During  a  four-hour  run  a  gang  of  58  men.  using  one  of 
these  rail-laying  machines,  laid  240  901b.  mils  in  four  hours. 
On  another  day  a  gaUK  of  48  men.  using  one  of  these  ma- 
chines, laid  l.i"  liMi-lb.  rails  in  14r>  minutes,  the  machine 
being  delayed  several  times  waltini;  for  adzcrs.  During  a 
part  of  this  run.  60  rails  were  laid  in  45  minutes. 

From   the  standpoint  of  labor  saved   when  laylnt:  rails  by 


hand.  16  men  are  reciulred  on  tongs;  while  with  the  machine 
only  three  men,  In  addition  to  the  engineer,  are  required  for 
the  same  work,  effecting  a  saving  of  11'  men. 

Machine  for  Sawing  or  Marking  Ties. — The  purpose 
of  this  machine  (Fig  1' i  Is  to  saw  or  mark  ties  which  re- 
cjulre  "adzing,  t'ircular  saws  mark  the  ties  on  each  side  of 
the  rails,  being  set  and  gaged  from  the  top  of  the  rail  to 
cut  at  a  depth  corresponding  to  the  bottom  of  the  rail.  It 
is  readily  understood  that  by  sawing  the  ties  In  this  man- 
ner, very  little  intelligence  and  effort  Is  required  to  do  an 
accurate  job  of  adzing,  not  only  simplifying  the  task,  but 
also  giving  the  reijuired  even  and  uni- 
form bearing  for  the  tie  plates. 

The  machine  weighs  approximately 
2800  lbs.,  and  Is  provided  with  a  certain 
pivot,  permanently  attached  underneath 
the  car  frame.  ,\fter  raising  one  end  of 
the  car,  a  wooden  block  is  placed  under 
the  pivot  and  the  pack  is  removed,  after 
which  the  machine  is  swung  at  right 
angles  to  the  track  and  pushed  upon  two 
planks  properly  placed  on  the  right-of- 
way.  This  operation  is  so  simple  that 
two  men  can  take  the  machine  off  the 
track  in  less  than  six  minutes. 

Power  is  furnished  by  a  4^x5^^.  four- 
cylinder  gasoline  motor,  which  propels 
the  machine  at  3  to  18  miles  per  hour, 
in  either  direction.  The  low  speed  is 
used  while  sawing  ties  and  is  connected 
synchronously,  so  that  when  the  sawing 
is  extra  deep,  the  machine  slows  up  in 
accordance  with  the  speed  of  the  engine. 
Two  men  are  required  to  successfully  operate  this  ma- 
chine: one  operator  to  handle  machine  and  look  after  the 
work  in  general,  and  one  assistant  to  walk  ahead  looking 
out  for  obstructions  such  as  rock,  rail  braces,  etc.  I'nder 
normal  conditions  3  to  5  miles  of  track  are  sawed  per  day. 
depending  largely  on  the  number  of  trains  during  the  work- 
mg  hours. 

Rail   Drilling   Machine. -Another  appliance  that   has  been 
found  particularly  useful  in  rail  renewing  is  a  rail  drilling 


Fig.    3— Rail    Drilling    Machine. 

machine,  the  function  of  which  Is  to  drill  holes  in  the  rails 
for  rail  anchors,  connections,  etc.,  superseding  the  hand 
power  drilling  machines.     It  Is  illustrated  in   Fig.  3. 

Power  is  furnished  by  a  4-h.p..  4x4  single  cylinder,  4-cycle. 
water-colled  gasoline  motor,  which  propels  the  car  at  a 
speed  of  18  miles  per  hour  while  going  to  and  from  work. 
The  drill  frame  Is  so  constructed  that  it  can  be  swung  In 
position  and  operated  with  one  hand,  drilling  any  size  hole 
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up  to  1 '  4  in.  The  time  required  to  move,  set  machines,  and 
drill  the  hole  is  less  than  one  minute. 

Under  normal  and  average  conditions  it  requires  two  men 
to  successfully  operate  this  machine  at  its  maximum  effi- 
ciency; namely,  one  operator  to  handle  the  machine  and  one 
assistant  to  mark  the  location  of  holes  and  to  aid  in  remov- 
ing the  machine  from  the  track,  etc.;  and  on  main  line, 
necessary  flagmen  for  protection.  In  cases  where  the  work 
warrants,  two  of  these  machines  are  operated  close  to- 
gether, using  only  one  experienced  operator  and  two  assist- 
ants, and  only  two  flagmen. 

The  average  number  of  holes  drilled  with  one  of  these 
machines  per  day  is  240,  requiring  3  gal.  of  gasoline  and  2 


-Machine    fo 


pints  of  lubricating  oil.  The  drill  bits  are  lubricated  or 
cooled  with  pure  water  contained  in  a  tank  at  the  rear  of 
machine  and  conveyed  to  the  drills  by  pipe  and  flexible 
tubing.  The  weight  of  this  machine  complete  is  1140  lb.  and 
two  men  can  remove  same  from  the  track  in  less  than  4 
minutes. 

In  addition  to  several  prominent  features,  such  as  auto- 
matic feed,  etc.,  a  drill  grinder  is  also  mounted  on  the 
frames  of  this  machine,  and  the  drills  are  ground  while 
waiting  for  passing  trains. 

The  machines  were  devised  by  Mr.  W.  T.  Krausch.  engi- 
neer of  buildings,  and  Mr.  E.  F.  Weber,  assistant  engineer 
C.  B.  &  Q.  R.  R. 


Engineers   Wanted    for   Construction    Division    of   Army.— 

The  U.  S.  Civil  Service  Commission  will  hold  open  competi- 
tive examinations  for  the  following  positions:  Chief  of 
survey  party,  ?2700-$3000;  transit  man,  $2400;  levelman. 
$2100;  rodman,  $1800;  chairman.  $1800;  one  topographic 
draftsman,  $2100.  The  last  position  is  open  to  women.  It 
is  expected  that  the  following  appointment  will  he  made 
from  these  examinations:  50  chiefs  of  survey  party,  50  tran- 
sitmen.  25  levelmen,  125  rodmen.  150  chainmen,  for  duty  in 
the  field;  and  50  draftsmen  for  duty  in  the  field  and  in 
AVashington,  D.  C.  Competitors  will  not  be  required  to  re- 
port for  examination  at  any  place  but  will  be  rated  upon  the 
sworn  statements  in  tbeir  applications  and  upon  corrobora- 
tive evidence  adduced  by  the  Commission.  The  duties  of 
chief  of  Survey  party  will  be  to  take  charge  of  and  super- 
vise survey  parties  engaged  on  field  surveys  in  connection 
with  the  layout  of  camps,  sewer  systems,  railroad  yards, 
docks,  wliarves,  etc.  Application  blanks  (Form  1312)  can  be 
obtained-  ffoih  the  U.  s.  Civil.' Service  Commission.  Wash- 
ington- D."*Cy.  cr 'from  the  U.  S. 'Oivil 'Service  Boards  in  the 
larger  citifes.  '  -.'  '   "■' 


The   U.   S.    Employment   Service 
And  Railway  Labor* 

The  United  States  Employment  Service  has  undertaken 
the  task  of  recruiting  man  power  for  the  most  essential 
service.  The  railroad  division  has  been  organized'  for  the 
recruiting  of  all  classes  of  railroad  labor.  It  is  in  a  class 
ty  itself.  Unfortunately,  we  were  slow  in  starting.  The 
wage  was  low  and  when  the  first  call  was  made  for  com- 
mon labor  at  a  higher  wage  by  the  Government  it  drew 
more  heavily  from  the  railroads  than  from  non-essential 
industries.  A  great  effort  is  being  made  to  correct  this  evil. 
The  railroad  wage  has  been  increased 
to  compare  more  favorably  with  the  in- 
creased cost  of  living.  The  long  haul 
or  transporting  of  labor  from  one  part 
of  the  country  to  another  is  being  dis- 
couraged. The  recruiting  of  labor  at 
so  much  per  head  is  being  abolished. 
Fee  agencies,  a  most  distasteful  prac- 
tice, must  no  longer  exist. 

At  present  we  are  looking  to  the  Mex- 
ican for  relief,  more  especially  in  the 
Southwest,  but  Mexicans  are  always 
such  an  unknown  quantity  and  so  unde- 
pendable.  Congressional  assistance  has 
been  granted,  but  men  have  been  held 
back  on  the  other  side  of  the  border 
by  the  political  trickster  for  pecuniary 
advancement.  By  co-operation  with  the 
United  States  Employment  Service  and 
the  United  States  Immigration  Service 
it  is  hoped  to  straighten  out  the  tangle 
and  get  more  men.  Should  the  situa- 
tion be  cleared,  the  southwest  territory 
can  be  supplied  during  the  winter 
months  and  in  the  spring  we  can  ship 
to  northern  roads. 

The  United  States  Employment  Serv- 
ice is  destined  to  become  a  great  branch 
of  the  American  government.  It  has 
come  to  stay.  Established  for  the  pro- 
tection of  both  capital  and  labor,  it  is 
designed  to  prevent  unrest  and  strikes,  to  compel  arbitra- 
tion by  the  appointment  of  boards,  to  adjust  all  differences 
while  business  continues  without  interruption  and  to  avoid 
the  enormous  losses  experienced  in  the  past. 

A  clearance  section  has  also  been  established.  This  de- 
partment or  branch  of  service  makes  a  complete  tabulation 
of  all  labor  recruited  in  each  state,  and  these  reports  go  to 
the  general  clearance  division  at  Washington.  In  this  way 
it  is  possible  to  ascertain  how  much  labor  is  furnished  by 
each  state.  Each  state  has  been  given  its  quota:  an  esti- 
mated number  based  upon  its  population  and  its  former  rec- 
ord, and  as  this  record  has  been  incomplete  no  doubt  these 
figures  or  percentages  will  have  to  be  adjusted  from  time  to 
time. 

Chicago  has  been  drained  to  such  an  extent  that  it  is  abso- 
lutely impossible  to  ship  as  many  men  to  other  states  as 
have  been  shipped  in  the  past,  unless  many  non-essential  in- 
dustries are  closed.  This  part  of  the  service  will  be  looked 
after  by  the  war  industry  and  community  boards,  which 
have  already  been  established.  It  is  their  duty  to  decide 
what  are  essential  and  what  are  non-essential. 

The  Employment  Service  was  organized  only  the  early 
part  of  this  year  as  a  branch  of  the  Department  of  Labor,  it 
started  with  a  comparatively  small  appropriation,  but  it  al- 
ready has  established  some  600  distinct  recruiting  offices. 
Our  records  show  that  we  are  recruiting  about  12,000  men 
per  month  in  Chicago  for  the  railroads  alone  and  we  need 
twice  that  number. 

*From  an  address  by  M.  G.  Kibbe  of  the  Railways  Division,  of 
V.   S.   Employment'-SerVjce.    preseiTed   at    the   recent   convention 

of  the   P.oadmasters  and  Maintenance  of  Way  Association. 


Contracts  for  New  Orleans  Canal. — A  $600,000  contract  for 
locks,  gates  and  fixed  parts  lor  canal  of  Port  of  New  Or- 
leans has  been  let  to  McClintic-Marshall  Co. 
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Precautions  for    Handling   Ex- 
plosives* 

By   Ainill  1{    l.A    MOTTK, 
M.ir..K.-l'.    TiM-hlilriil    I'lVlMloli    K.    1.    ilul'olll    ilf    .\\-lllotll»    fo 

Danger  from  Immediate  Reloading  of  Bore  Holes.  — Pont 
I'Xploilc  a  charKe  l«  ohaniber  ii  bore  hole  and  llieii  inline- 
(liutely  reload  it.  as  the  bore  hole  will  be  hot  and  the  wec- 
ond  shafKe  may  explode  prematurely.  Considerable  heat 
is  generated,  not  only  by  the  explosive  Itself,  but  in  the 
compression  that  occurs,  and  unless  ample  time  Is  allowed 
between  •sprlnglnn"  shots,  accidents  are  likely  to  occur 
from  an  explosion  ol  the  charges  which  may  be  placed 
in  the  hot  pocket,  or  become  iKuiled  from  fragments  of  fuse 
or  wire  insulation.  l)f  course,  when  the  pocket  is  full  of 
water  and  tills  up  immediately  after  each  "springing"  op- 
eration, there  is  no  danger  from  the  hole  being  too  hot.  but 
another  hazard  presents  itself  in  the  loading  of  "sprung" 
holes.  That  is  the  danger  of  the  dynamite,  especially  when 
a  straight  dynamite  is  used  and  the  cartridges  are  slit, 
getting  between  the  cracks  and  crevices  of  the  rock  in 
such  a  way  that  when  the  hole  is  being  tamped  it  may  be 
pinched  under  considerable  pressure  and  cause  an  explo- 
sion. For  this  reason,  dynamite  of  the  gelatin  type  Is  much 
safer  to  use  where  this  operation  is  regularly  performed, 
but  where  gelatin  cannot  be  used  the  next  best  thing  is 
not  to  slit  the  cartridges. 

Tamping  Should  Be  Done  with  Wooden  Tampers. — Don't 
di)  tamping  with  iron  or  steel  bars  or  tools.  Use  only  a 
wooden  tamping  stick  with  no  metal  parts."  There  is  great 
danger  in  punching  dynamite  with  an  iron  tamping  rod. 
especially  in  holes  bored  in  hard  rock.  It  would  seem  a 
simple  thing  to  provide  miners  with  wooden  tamping  slicks 
and  compel  their  use,  but  a  number  of  them  look  upon  it 
as  a  needless  refinement,  and  always  having  their  drill 
steels  with  them,  they  prefer  to  use  them.  When  black 
blasting  powder  was  used  to  a  greater  extent  than  it  is 
now.  ccpper  was  looked  upon  as  a  safe  material  to  use 
with  it.  because  it  would  not  strike  a  spark,  and  that  same 
feeling  has  descended  to  dynamite,  but  it  is  just  as  easy  to 
detonate  a  drop  of  nitroglycerin  or  a  pinch  of  dynamite 
with  a  copper  hammer  as  it  is  with  a  steel  one. 

Forcing  Cartridges  Prolific  Source  of  Accidents. — Don't 
force  a  cartridge  of  exi)losives  into  a  bore  hole.  This  is 
one  of  the  prolilic  sources  of  accidents  in  the  use  of  ex- 
plosives and  one  of  the  most  difficult  to  control.  If  a  miner 
or  blaster  has  a  cartridge  of  dynamite  sticking  half  way 
down  in  a  bore  hole,  it  is  a  great  temptation  to  drive  it 
further  by  main  strength  rather  than  let  it  go  and  waste 
the  bore  hole  and  all  the  labor  that  it  represents.  Fortu- 
nately, modern  explosives,  which  are  much  less  likely  to 
explode  from  rough  handling  than  the  straight  dynamites 
of  10  or  20  years  ago.  have  reduced  the  number  of  acci- 
dents from  this  cause  to  a  considerable  extent.  The  rem- 
edy, of  course,  is  to  have  the  drill  bits  always  made  to 
gage,  allowing  for  a  suflicient  clearance  over  the  diameter 
of   the  dynamite  that   is  being  used 

Precautions  for  Electric  Firing.  "Don't  have  y  wire  car- 
rying electric  current  near  detonators  or  charged  bore  holes 
at  any  time  except  for  the  purpose  of  firing  the  blasts." 
One  of  the  dangers  of  having  electric  mining  or  quarrying 
machinery  around  explosive  operations  is  the  chance  of 
one  of  the  terminals  coming  in  contact  with  the  electric 
blasting-cap  wires.  Considering  the  care  necessary  to  make 
connections  properly  for  tiring  the  blast  purposely,  it  would 
seem  that  this  danger  Is  remote,  but  a  number  of  acci- 
dents have  occurreil  through  careless  placing  of  light 
wires.  When  the  blasts  are  fired  by  the  lighting  or  power 
current.  It  Is  doubly  necessary  to  observe  this  caution, 
because,  even  with  special  safety  switches,  there  is  always 
a  chance  of  the  workmen  becoming  confused  and  connect 
ing  the  wrong  wire.  Though  the  power  and  lighting  cur- 
rent Is  generally  advised  for  quarry  and  construction  work 
in  the  open,  the  regular  blasting  machine  is  much  safer  in 


undereroimd  work,  as  by  Its  use  the  danger  of  connecting 
the  blast  to  a  live  wire  can  be  avoided,  and  though  In  open 
work  the  number  of  shots  that  It  Is  desired  to  fire  at  any 
one  lime  may  be  in  excess  of  what  the  blasting  machine 
can  do.  It  Is  rare  Indeed  that  such  necessity  arises  In  min- 
ing or  tunneling  operations.  By  keeping  an  entirely  dif- 
ferent circuit  for  the  firing  of  the  blast,  much  greater  safety 
in  operation  is  secured,  but  under  no  conditions  should 
electric  drills,  electric  punchers  or  undercutters  be  operated 
or  other  wires  allowed  around  a  room  where  men  are 
charting   bore   holes   for  electric   firing. 

Hang-Fires.— "Don't  hurry  In  seeking  an  explanation  for 
the  failure  of  a  charge  to  explode."  This  Is  to  warn  blast- 
ers against  returning  to  the  face  In  the  event  of  a  hang- 
fire,  until  sufficient  time  has  elapsed  to  render  It  safe. 
High-grade  safety  fuse  Is  a  wonderfully  reliable  device.  It 
is  strong,  resists  abrasion  well  and  stands  Immersion  in 
water,  often  for  several  hours;  and  it  Is  uniform  in  its 
burning  speed.  Cheap  fuse  is  not  regular  In  Its  burning 
rate.  Is  not  waterproof  and  will  not  stand  abrasion  against 
rock  in  the  bore  hole  nearly  as  well  as  the  better  grades. 
However,  any  kind  of  safety  fuse  is  likely,  occasionally,  to 
hang  fire. 

Accidents  happen  more  frequently,  perhaps,  from  a  mis- 
count In  the  number  of  explosions.  Where  8  or  10  fuses 
are  lighted  simultaneously,  two  will  frequently  go  off  at 
exactly  the  same  time,  making  one  report.  Consequently, 
blasters  are  inclined  to  venture  back  to  the  face,  even  if 
the  reports  heard  do  not  tally  with  the  number  of  fuses 
lighted,  assuming  that  two  or  more  have  gone  off  together. 
In  the  event  of  a  misfire,  half  an  hour  Is  the  least  time  that 
should  be  allowed  before  investigating.  Two  or  three  hours 
is  much  better,  and  waiting  until  the  next  day  is  practically 
safe.  Hangfires  can  be  eliminated  by  the  use  of  electric 
blasting  caps  and  electric  squibs,  and  the  Increased  sales 
of  these  devices  are  gradually  cutting  down  the  number 
of  accidents  from  this  cause. 

Precautionary  Measures  in  Case  of  IVIIsfires. — "Don't  drill, 
bore  or  pick  out  a  charge  which  has  failed  to  explode."  A 
careful  miner  can  sometimes  be  depended  upon  to  remove 
the  tamping  and  insert  another  primer.  It  is.  however,  at 
times  safer  to  drill  another  hole  near  the  missed  one.  but 
this  is  not  practicable  in  many  instances,  especially  in 
hard  rock,  and  in  "sprung"  holes.  As  a  precautionary 
measure  against  striking  the  charge  In  the  case  of  a  mis- 
fire, it  Is  suggested  that  a  piece  of  newspaper  or  a  hand- 
ful of  some  other  easily  recognized  foreign  substance  be 
placed  on  top  of  the  last  cartridge  before  the  tamping  or 
stemming  is  done.  This  acts  as  an  indicator,  so  that  the 
tamping  may  be  removed  with  comparative  safety  without 
any  chance  of  digging   into  the  explosive. 

Use  of  Only  One  Kind  of  Explosive  in  Bore.— "Don't  use 
two  kinds  of  explosives  in  the  same  bore  hole  except  where 
one  is  used  as  a  primer  to  detonate  the  other."  It  Is  a 
common  practice  in  some  sections  to  place  a  dynamite 
c-irtridge  in  the  bottom  of  a  bore  hole  and  the  main  charge 
of  black  powder  on  top  of  that,  firing  the  black  powder 
with  fuse  or  squib.  The  dynamite  explodes  from  the  shock 
of  the  black  powder,  but  it  does  not  explode  as  completely 
as  when  detonated  by  a  blasting  cap.  and  it  is  doubtful  if 
any  real  benefit  is  obtained.  Different  explosives  have  such 
different  rates  of  detonation  that  it  is  not  only  wasteful 
but  freciiiently  dangerous  to  use  this  method  of  blasting. 

Frozen  or  Chilled  Explosives.— "Don't  use  frozen  or  chilled 
explosives."  .-Mthougli  frozen  dynamite  is  more  difficult  to 
detonate  with  a  blasting  cap  than  when  It  Is  properly 
thawed,  it  is  more  sensitive  to  other  kinds  of  shock.  Be- 
fore low-freezing  explosives  became  as  generally  used  as 
they  are  today,  a  number  of  accidents  occurred  wiien  men 
broke  the  frozen  cartridges  In  two  or  rolled  them  to  break 
up  the  frozen  crystals.  In  loading  well  drill-holes  with 
large-sized  cartridges,  a  number  of  thawed  cartridges  could 
be  dropped  Into  the  holes,  sometimes  100  ft.  or  more  In 
depth,  with  safely.  I'uncliing  a  hole  Into  a  frozen  cartridge 
is  by  no  means  a  safe  operation,  and  the  fumes  from  frozen 
dynamite  are  more  poisonous  tluui  from  the  same  dyna- 
mite when  properly  thawed.  In  fact,  frozen  dynamite  fre- 
Muenllv    takes    fire    from    the    blasting    cap    and    burns    up. 
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giving  off  large  quantities  of  exceedingly  noxious  gases, 
which  may  render  the  workings  uncomfortable  If  not  dan- 
gerous to  the  men. 

Use  Thawed  Dynamite  as  Soon  as  Possible. — "Don't  allow 
thawed  dynamite  to  remain  exposed  to  low  temperatures; 
use  it  as  soon  as  possible."  Blasters  often  attempt  to  use 
explosives  which  have  become  chilled  or  partly  frozen,  and 
when  remonstrated  with  say  that  the  powder  has  been 
thawed.  For  this  reason,  they  are  urged  to  use  dynamite 
as  soon  after  it  has  been  thawed  as  possible  and  to  take 
precautions  against  it  freezing  again  after  it  leaves  the 
thawing  house. 

Precautions  for  Storage  of  Explosives. — "Don't  paint  mag- 
azine roofs  black."  On  a  bright  summer  day  the  tempera- 
ture directly  under  the  roof  oi  the  magazine,  especially  if 
the  ventilation  is  poor,  may  rise  to  as  high  as  130°.  This 
may  cause  the  dynamite  to  leak,  and  the  waterproofing 
on  fuse  and  electric  blasting  caps  to  run,  so  that  they  will 
not  carry  the  spark  or  explode.  For  the  same  reason,  high 
explosives,  fuse  or  detonators  should  not  be  exposed  to  the 
direct  rays  of  the  sun  longer  than  is  necessary.  Sunlight 
tends  to  decompose  nitroglycerin,  as  well  as  to  cause  it  to 
leak  if  it  becomes  too  hot. 

"Don't  keep  electric  blasting  caps,  blasting  machines  or 
blasting  supplies  in  a  damp  place."  All  of  these  accessories 
are  either  spoiled  or  their  life  and  usefulness  are  materially 
abbreviated  by  damp  storage.  A  blasting  machine  which 
is  kept  in  a  dry  place  will  be  twice  as  effective  as  one  not 
kept  dry.  and  the  same  is  true  of  blasting  caps. 

"Don't  store  or  transport  blasting  caps  or  electric  blast- 
ing caps  with  high  explosives."  High  explosives  by  them- 
selves are  fairly  insensitive  to  shock  and  wil'  withstand 
an  extraordinary  amount  of  rough  treatment  at  times  with- 
out exploding;  whereas  detonators  are  extremely  sensitive 
both  to  shock  and  to  sparks,  and  though  they  are  violent 
in  their  explosion,  effects  are  local.  When  they  are  car- 
ried in  the  same  receptacle  or  transported  together  there  is 
established  a  condition  combining  the  sensitiveness  of  the 
caps  with  the  far-reaching  force  and  violence  of  the  high 
explosive.  The  rule  against  storing  or  transporting  blast- 
ing caps  with  high  explosives  is  a  particularly  necessary 
injunction,  and,  unfortunately,  it  is  often  largely  disre- 
garded in  mines  and  quarries  where  the  powder  man  car- 
ries a  box  containing  20  or  30  lb.  of  dynamite  with  a  box 
of  caps  or  a  bunch  of  primers  on  top  of  the  dynamite. 

Placing  Blasting  Caps  in  Cartridges. — "Don't  insert  blast- 
ing cap  or  electric  blasting  cap  in  explosive  cartridges  care- 
lessly. Have  closed  end  of  detonator  point  toward  the  bulk 
of  the  charge,  and  have  it  tied  to  the  cartridge  securely." 
A  large  proportion  of  blasters  using  electric  blasting  caps 
punch  a  hole  diagonally  through  the  side  of  the  cartridge, 
insert  the  detonator  and  take  a  halt  hitch  around  the 
cartridge  with  the  wires.  If  the  hole  is  punched  through 
the  cartridge  at  too  great  an  angle,  it  is  likely  to  go  through 
the  cartridge  and  possibly  jam  in  the  bore  hole.  This 
would  probably  lead  to  a  fatal  accident.  The  detonator 
should  lie  as  nearly  as  possible  in  the  central  axis  of  the 
dynamite  cartridge,  although  a  slight  angle  does  no  harm, 
provided  the  end  of  the  detonator  is  well  inside  the  car 
tridge.  The  object  in  having  the  detonator  point  toward 
the  bulk  of  the  charge  is  that  the  greatest  effect  of  the 
detonator  is  from  its  loaded  end.  If  the  detonator  points 
away  from  the  bulk  of  the  charge,  unexploded  powder  may 
be  deposited  in  the  bottom  of  the  hole  and  afterward  cause 
trouble.  The  detonator  should  always  be  tied  or  fastened 
securely  to  the  cartridge,  so  that  there  is  no  danger  of  its 
pulling  out  when  the  charge  is  loaded  and  tamped.  Other- 
wise unexploded  powder  or  misfired  holes  may  result. 

Precautions  In  Electric  Blasting. — "Don't  attempt  to  use 
electric  blasting  caps  with  the  regular  insulation  in  very 
wet  work.  For  this  purpose  secure  'waterproof  or  'sub- 
marine' electric  blasting  caps."  This  does  not  necessarily 
apply  where  only  one  shot  is  fired  at  a  time,  but  where 
several  shots  are  fired  there  is  a  possibility  of  electric 
leakage  and  short  circuits  through  the  ground  to  the  elec- 
tric blasting  cap  wires.  This  results  in  the  under  holes  and 
those  adjoining  going  off  and  the  holes  in  the  middle  of 
the  line  missing  fire.  "Don't  use  old  or  broken  leading 
wire  or  connecting  wire."    Broken  wires  are  prolific  sources 


of  misfires  and  failure  to  get  the  shot  off  at  the  time  de- 
sired. Breaks  inside  of  the  insulation  are  not  easy  to  de- 
tect, and  the  use  of  wire  that  may  contain  broken  sections 
or  strands  often  costs  much  more  than  would  new  ma- 
terial. 

Precautions  for  Handling  and  Using  Fuse. — "Don't  han- 
dle fuse  carelessly  in  cold  weather,  for  when  cold  it  is  stiff 
and  breaks  easily.  It  should  be  warmed  slightly  before 
using.  "  "Don't  store  fuse  in  a  hot  place,  as  this  may  dry 
it  out  so  that  uncoiling  will  break  it."  The  waterproofing 
material  on  fuse  is  a  compound  of  various  asphalt  tars 
with  guttapercha  and  similar  substances  which  become 
brittle  in  cold  weather  and  which  also  are  likely  to  run  if 
subjected  to  too  high  a  temperature.  It  is  well  worth  while 
to  store  the  fuse,  at  least  immediately  before  its  use,  at 
a  temperature  between  60  and  80=  F.  If  the  fuse  is  too 
cold  it  may  crack  when  uncoiled  and  cause  a  misfire  or  a 
hang-fire,  with  its  resulting  danger,  or,  if  stored  in  too  hot 
a  place,  it  is  likely  to  go  out  and  cause  a  misfire. 

"Don't  lace  fuse  through  dynamite  cartridges,  and  don't 
place  several  slit  or  broken  cartridges  on  top  of  primer 
with  cap  and  fuse.  This  practice  is  frequently  responsible 
tor  the  burning  of  the  charge."  The  paper  shell  of  the 
dynamite  cartridge  is  sufficient  protection  against  the  side 
spit  of  the  fuse  from  igniting  the  dynamite  inside  the  shell. 
Without  this  protection  the  side  spit  is  almost  sure  to 
ignite  the  dynamite,  which  will  burn  much  more  rapidly  in 
a  bore  hole  when  strongly  confined  than  it  will  in  the  open, 
sometimes  causing  the  loss  of  a  considerable  proportion  of 
the  charge,  besides  giving  off  poisonous  fumes  and  possibly 
blowing  out  the  tamping  and  so  making  the  explosion  in- 
effective. 

Strong  Detonators  Insure  Complete  Detonation. — "Don't 
expect  explosives  to  do  good  work  if  you  try  to  explode 
them  with  a  detonator  weaker  than  a  No.  6."  The  use  of 
modern  low-freezing  ammonia  dynamites  has  resulted  in  an 
immense  reduction  in  the  number  of  accidents,  as  those 
explosives  are  less  sensitive  to  shock  and  friction  than 
those  in  general  use  20  years  ago.  At  the  same  time,  these 
explosives  require  a  much  stronger  detonator  to  develop 
their  full  power  than  did  the  older  type  of  explosives.  Al- 
though it  is  possible  under  favorable  conditions  to  de- 
tonate even  these  modern  explosives  with  weaker  detona- 
tors than  a  No.  6,  there  is  a  considerable  factor  of  safety 
gained  by  using  the  stronger  caps.  They  not  only  insure 
complete  detonation,  but  increase  the  effective  power  of 
the  explosive  and  reduce  the  amount  of  noxious  fumes  to 
a  minimum.  Explosives  which  have  been  stored  for  some 
time  under  adverse  conditions  become  more  insensitive,  and 
a  larger  detonator  tends  to  offset  this  condition  to  a  con- 
siderable extent.  Strong  detonators  will  fire  larger  charges 
than  weak  ones,  and  they  not  only  reduce  chances  of  mis- 
fires, but  almost  entirely  eliminate  the  chance  of"  a  prop- 
erly primed  charge  burning  instead  of  exploding.  No.  6 
or  stronger  detonators  are  required  for  all  "permissible" 
explosives  which  are  not  "permissible"  unless  the  strong 
detonators  are  used. 


Selecting  and  Protecting  Rope 

Care  should  be  used  in  buying  ropes,  states  Mr.  John 
Upton  in  a  recent  issue  in  The  National  Builder.  A  good 
hemp  is  hard  yet  pliant,  of  a  yellow  or  greenish  gray  color, 
and  has  a  sort  of  silver  or  pearly  lustre.  A  dark  or  black- 
ish color  indicates  that  in  the  process  of  curing  the  hemp 
has  suffered  from  fermentation.  Brown  spots  tell  us  that 
the  fibers  were  wet  when  spun,  and  are  weak.  Sometimes 
good  hemp  is  used  for  the  outside  and  a  poor  quality  for 
the  inside.  This  can  be  detected  by  making  an  examina- 
tion of  the  end  of  the  rope.  Ropes  which  have  a  woolly 
appearance,  or  where  the  ends  of  the  fiber  protrude,  should 
not   be  used  for  important  work. 

.\11  ropes  should  be  protected  from  dampness.  They  can 
be  soaked  in  a  solution  of  bluestone  (copper  sulphate). 
Have  your  rope  dry.  Let  it  lie  in  the  bath  for  three  or  four 
days  and  then  dry  thoroughly.  Ropes  are  frequently 
allowed  to  unravel  at  the  ends  and  thus  become  shorter.  If 
a  crown  were  woven  at  the  end,  or  even  a  piece  of  twine 
wrapped  around  it,  this  might  easily  be  avoided. 
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Efficiency   Tests    of    Rock    Drill 
Accessory   Equipment 

A  series  of  exhaustive  tests  on  rock  drill  accessory  equip- 
ment were  made  last  year  by  Mr.  Charles  F.  Willis,  consult- 
ing supervisor.  I'helpsDodKP  t'orporutlon.  BIsbee,  Ariz. 
Some  of  thf  ( oncluslons  deduced  from  the  tests  are  given 
by  Mr.  Willis  in  an  article  In  a  recent  Issue  of  the  Engineer- 
ing and  Mining  Journal,  from  which  the  matter  following  is 
abstracted: 

The  tests  were  made  on  a  Paynter  rock  drill  tester,  the 
drill  used  in  the  tests  was  a  Chicago  Pneumatic  Tool  Co. 
stoper. 

Pressure  Tests.  In  the  pressure  tests  it  was  desired  lo 
ascertain  lor  all  pressures  the  point  of  maximum  efficiency 
under  exi.stlng  conditions.  For  instance,  it  was  determined 
that  at  50-lb.  gage  pressure  the  machine  would  not  use  over 
50  cu.  ft.  of  air  per  niin.,  would  not  deliver  over  960  blows 
per  niin..  with  LMu  lb.  per  stj.  In.  force  ol"  blow,  and  would 
deliver  only  7  ft. -lb.  of  energy  per  blow,  it  was  ascertained 
that  the  most  economical  pressure  for  this  machine  was  90- 
Ib.  gage  pressure.  At  100  lb.  no  greater  efficiency  was  noted, 
and  the  cost  of  compressing  the  61  cu.  ft.  of  air  necessary 
for  the  additional  10  lb.  pressure  would  serve  no  useful  pur- 
pose. The  tests  Illustrated  forcibly  that  the  first  thing  for 
which  a  rock  drill  should  be  tested  Is  the  most  economical 
I)ressure  at  whicli  it  will  operate. 

Effect  of  Temperature  and  Humidity. — It  was  considered 
possible  that  there  might  be  some  relation  between  rock- 
drill  efficiency  and  the  temperature  of  the  place  where  the 
drill  was  operating,  and  to  ascertain  this  a  series  of  tests 
were  made  with  the  room  at  various  temperatures  from  70° 
to  100"  F,  It  was  found  that  the  efficiency  of  the  machine 
was  slightly  greater  at  80  than  at  70  .  but  above  that  tem- 
perature no  changes  could  be  observed.  The  increased  effi- 
ciency from  7ii  to  80  was  probably  due  to  a  loosening  of 
the  oil.  Humidity  tests  were  run  at  70",  80  ,  90',  100°  and 
110°,  with  increasing  steam  moisture.  However,  no  changes 
in  the  results  were  apparent,  and  it  was  therefore  concluded 
that  neither  humidity  nor  temperature  has  any  appreciable 
effect  on  rock  ilrill  etlicieni  y. 

Tests  of  Type  and  Shape  of  Gasket.— The  tests  proved 
conclusively  that,  even  with  the  same  size  of  opening,  the 
most  efficient  operation  of  the  drill  was  obtained  by  a 
molded  gasket  with  rounded  edges.  The  next  most  efficient 
type  was  a  gasket  made  with  a  gasket  cutter,  giving  smooth 
edges,  with  the  cutting  perpendicular  to  the  face  of  the  gas- 
ket. The  third  in  order  was  a  gasket  cut  with  a  knife,  par- 
ticular care  being  taken  to  make  the  walls  perpendicular  to 
the  face  of  the  gasket.  The  least  efficient  was  a  gasket  cut 
with  the  walls  oblique  to  the  surface  of  the  gasket. 

In  practice  it  is  found  that  the  most  common  gasket  is  the 
last  one  mentioned— a  gasket  hurriedly  cut  with  the  knife 
not  held  perpendicular  to  the  plane  of  the  gasket  rubber. 
Kven  in  this  case  it  made  a  difference  in  the  operation  of 
the  drill  whether  or  not  the  gasket  was  placed  with  the 
sharp  edge  toward  the  Incoming  air.  To  be  sure,  the  rela- 
tive difference  in  efficiency  is  small,  but,  taken  over  the 
period  of  time  that  a  drill  is  running,  and  then  multiplied  by 
the  number  of  drills  in  operation,  it  shows  that  a  poorly  cut 
gasket  is  an  expensive  proposition,  and  that  a  molded  one, 
although  more  expensive  as  to  first  cost,  is  in  the  end  the 
more  economical. 

The  greatest  diffen>nce  observed  by  the  use  of  the  differ- 
ent gaskets  was  in  the  blows  per  minute  recorded.  As  an 
alternative,  conies  the  use  of  the  ground-joint  union,  thus 
doing  away  with  gaskets.  While  new,  the  ground-joint 
unions  were  found  to  be  more  economical,  provided  great 
care  was  taken  to  have  no  leaks,  for  Inasmuch  as  the  par- 
ticular drill  on  which  these  tests  were  made  was  not  quite 
10  per  cent  efficient,  the  loss  even  of  1  cu.  ft.  of  air  per  min. 
would  make  a  perceptible  Increase  In  the  cost  of  operation. 
The  conclusions  derived  from  the  tests  made  on  gaskets 
Indicate  as  first  choice  the  use  of  molded  gaskets;  as  second 
choice,  ground-Joint  unions,  and  find  nothing  in  favor  of  the 
home-made  knife-cut  gasket. 

Couplings  Tests  Showed  Little  Variation.  Tests  were 
made  on  L'l;  <oMpling-i  of  five  different  types.  Kxperiments 
showed  that  in  the  twenty  odd  tests  made  upon  couplings  no 
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changes  In  the  efficiency  of  the  drill  were  to  be  recorded 
The  tests  were  negative  all  the  way  through,  even  when  the 
size  of  the  coupling  was  changed 

Effect  of  Different  Oils  on  Drill  Efficiency.— ProJ)ablv  the 
most  important  of  the  tests  were  those  made  on  lubrication. 
For  purposes  of  comparison  the  oils  used  will  be  denomi- 
nated A.  B,  C,  etc.  With  the  exception  of  E,  all  were  Cali- 
fornia asphaltum-base  neutral  lubricating  oils,  scientifically 
refined  and  filtered.  The  gravity  of  the  California  oils 
ranged  from  17  to  2^  Baum«:  the  flash  test  varied  from 
300  to  340  F.;  the  fire  test  from  330°  to  410  .  and  the  vis- 
cosity from  7tl'  to  220  at  loO  Saybolt;  E  was  a  Penn.syl- 
vanla  neutral  lubricating  oil. 

The  E  oil  was  in  many  ways  the  best  of  the  oils  tested, 
giving  a  greater  number  of  blows  per  minute  and  a  greater 
force  of  blow  than  any  other  of  the  oils  Included  in  the  tests. 
The  chief  disadvantage  of  this  oil,  however,  was  its  lack  of 
endurance,  probably  due  to  the  fact  that  It  Is  rather  a  thin 
product.  It  is  evident  that,  in  order  to  get  its  maximum 
efficiency,  not  less  than  1'.^  c.c.  .should  be  fed  for  every  30 
minutes  of  running  time.  Particularly  noticeable  on  E  oil 
was  the  absence  of  the  sticking  of  the  valves  that  was  .so 
noticeable  in  the  other  tests.  E  Is  an  excellent  oil  for  the 
careful  drillnian  who  will  not  forget  to  add  oil  when  neces- 
sary. 

The  D  oil,  during  its  initial  operation,  was  almost  as  effi- 
cient as  E.  but  fell  off  rapidly,  and  even  at  the  end  of  15 
minutes  of  continuous  operation  had  lost  its  real  value.  D 
was  also  a  fined  oil,  entirely  too  thin  for  rock-drill  lubrica- 
tion, unless  such  lubrication  were  automatic.  In  this  case, 
however,  E  would  be  the  better  oil. 

The  oil  designated  C  was  the  most  durable  of  the  oils 
tested,  having  virtually  as  great  efficiency  at  the  end  of  one 
and  one-half  hours  of  continuous  running  as  in  its  initial 
operation.  While  its  efficiency  was  only  80  percent  of  that 
of  E,  at  the  end  of  45  minutes  and  from  then  on  up  to  one 
and  three-quarters  hours  it  was  much  more  efficient.  C  oil 
should  be  used  at  the  rate  of  not  less  than  25  c.c.  for  each 
one  and  one-half  hours  of  running  time. 

Throughout  all  of  the  tests  on  oils  it  was  conclusively 
proved  that  lack  of  oil  does  not  mean  Injury  to  the  rock 
drill,  but  only  to  its  efficiency,  for  insufficient  lubrication 
merely  allows  it  to  deliver  a  less  number  of  blows  per  min- 
ute at  a  less  strength  per  blow.  It  is  particularly  noticeable 
on  C  oil  that  the  efficiency  is  increased  in  the  period  be- 
tween 45  minutes  and  IV2  hours.  This  is  undoubtedly  due 
to  the  heating  of  the  drill  and  the  increased  fluidity  of  the 
oil  thereby  produced.  The  increased  fluidity  is  therefore 
responsible  for  the  rapid  drop  in  efficiency  after  the  rise  to 
the  point  of  highest  efficiency. 

Next  of  importance  from  the  point  of  view  of  initial  oper- 
ation was  B  oil,  although  it  had  little  endurance  quality.  If 
this  oil  is  used,  it  should  be  fed  at  the  rate  of  not  less  than 
25  c.c.  every  15  minutes.  It  shows  Its  point  of  heating  and 
increased  fluidity  at  45  minutes,  although  the  increase  was 
slight. 

The  A  oil  was  remarkable  for  its  endurance,  maintaining* 
almost  a  steady  efficiency  for  l»-i  hours,  its  point  of  rise, 
so-called,  being  at  the  end  of  one  hour.  However,  from  the 
point  of  view  of  an  enduring  oil,  it  was  most  regular.  This 
oil  should  be  fed  at  the  rate  of  not  less  than  25  c.c,  every 
1  'i  hours. 

From  the  standpoint  of  initial  efficiency,  E  was  best,  D 
second  best.  From  the  point  of  view  of  endurance,  C  was 
best,  .\  second  best.  T>  had  nothing  10  commend  It  from 
either  point.  Considering  the  horsepower  delivered  per  c.c. 
of  oil,  C  excelled  the  others,  largely  on  account  of  its  endur- 
ance, although  E.  on  account  of  Its  high  Initial  efficiency, 
undoubtedly  excelled  .-V. 

In  oil  selection  It  is  imdoubtedly  more  important  to  exam- 
ine enduring  qualities  rather  than  initial  efficiency,  unless 
oils  of  enduring  qualities  are  of  low  efficiency.  The  tests 
have  shown  that  larger  quantities  of  oil  than  25  c.c.  added 
at  one  time  are  of  no  additional  value,  because  of  the  fact 
that  the  excess  Is,  in  each  case,  passed  through  the  machine 
and  out  the  exhaust  without  serving  any  useful  purpose. 

For  purposes  of  comparison  two  highly  recommended 
rock-drill  oils  were  tested,  one  of  which  may  be  called  F  and 
the  other  G.     F  proved  to  be  a  highly  efficient  oil.  as  to  inl- 
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tial  operation,  maintaining  its  higli  efficiency  for  a  period  of  These  tests  demonstrate  the  importance  of  selecting  the 

about  10  minutes;  had  no  point  of  rise  due  to  heating,  but  at  right  size  and  Ivind  of  valves  for  the  passage  of  air  used  in 

the  end  of  one  hour  it  had  entirely  lost  its  efficient  action.  rock  drills.     While   it   has  always   been   thought  that,  if  a 

It  was  shown  to  be  necessary  to  feed  the  F  oil  at  the  rate  of  Va-in.  hose  were  used,  a  l^-in.  valve  should  also  be  used,  this 

not  less  than  25  e.c.  every  15  minutes.     G,  while  an  oil  of  was  shown  by  the  tests  here  recorded  to  be  a  fallacy. 

high  initial  efficiency,  was  also  an  enduring  oil,  having  its  

point  of  rise  at  1^4  hours,  which  means  that  it  should  be  fed  

at  the  rate  of  not  less  than  25  c.c.  for  a  like  period.  Old     RallS    Uscd    fOF  XleS    111    StfeCt 

Tests   were   also  made  with  high-grade   automobile   lubri-  _^      .  -                 __,           . 

eating  oil,  but  it  was  found  to  be  inefficient  both  in  initial  IvailW^ay     1  TaCk 

efficiency  and  durability.     This  fact  onlv  serves  to  empha-  ,                   ,   .,      .  „   ,           ,     .      ,,,,„.,       ,,   ,          ,-,..,. 

,,             J     „                ■      ,     .•         .,     .,    ■  In   some   ot   the  track   work   in    1H16   the   Helena   Light   ifc 

size  the  need  ot  correct  selection  ot  oil.  ,,    .,           „         »■   n   i           it      .             ,        i      u        ■.     ^         • 

Railway  Co.   ot   Helena,   Mont.,  emploved  old  rails   for  ties. 

Air  Transmission   and    Rock    Drill    Efficiency.— Tables  are  The    construction    is    described    in    The    Concrete    Highwav 

available  that   show   what   may   be  expected   as  to  drop   in  Magazine,   from  which  the  matter  in  this  article  is   taken, 

pressure  of  compressed  air  passing  through  pipes  and  pipe  r,,,,-      ,     ■  ■                         i.   j    u 

*,„.            ..             ,     .     J         ^  ^        ?          ,    ...                 ^  »,  This   decision   was   reached    because    the    company   could 

fittings.     It  was  desired  to  determine  whether  or  not  there  .                            •,   ^   •      u-   i         j            .■        i.                    ,,   j 

...        •   .J.       ^      ,   ..       ,    t            ,,          .   ui           J  "Ot  procure  a  rail  6  in.  high  and  was  therefore  compelled 

was  any  direct  or  indirect  relation  between  these  tables  and  .                  .,.  .          ■,      r,  ^  JL-            ,,       ^            -^              x, 

.   .,       ,  .,,    .^     ,„         J              .         ,.  .■        J  to  use  a  414-in.  rail.     But  this  would  not  permit  more  than 

the   action  of  the  drill   itself,  and   experimentation  demon-  ,,„,    ■        ^               ,               ^i      ^-            ,       .,      a 

»     ^    ,  ^.    ^  .,          ,      .         ^.          ,   .■       •     J.       >       J  2%   in.  ot  concrete  over  the  ties   under  the  flangeway  and 

strated  that  through  pipes  the  relation  is  direct  and  corre-  ..                 ,           .,        ,.,..,..,.,              ..               ^ 

,,,.,?                      »     »      .,    »           -J     •       ,         ■  It  was  not  considered  that   this  thickness  ot   concrete  was 

sponds  closely  to  the  pressure  tests;  that  considering  loss  in  «;   ■      t      -1^1,                        1     j          ■       j                -j       ,  , 

,,..,„.,,       .,        c     .         .  sufficient.     The  company  had  on  hand  a  considerable  quan- 

pressure.  caused  bv  certain  definite  lengths  of  pipe  ot  cer-  ...        ,                .   ^c  lu    t^      -.       v.-  i                   .    ■     ,       .if       ^ 

f  .       .     '      I,       •     j   ,.         J           ,,      •             ,,■   V,     «r  ■            .  tity   of   wornout   45-lb.   T-rail,  which   were  cut   in  lengths  of 

tain  sizes,  the  air  delivered  would  give  as  high  efficiencv  to  ,,        ,.-.■.         ^     ,     .  ■     n           1  j    ,   .     .,      .       ,        •,        ,_ 

..      J  .,,         .,    .                                       ,j   -e           ,■  J    ,-     \,  b  and  7  tt.   and  electrically   welded  to  the  track  rails,  the 
the  drill  as  that  same  pressure  would  if  supplied   directly. 

This  applied,   however,  only   to   straight  pipes;    the   effects  ^ 

began  to  deviate  radically  with  the  use  of  elbows,  for  the  ||^^^^^^HB|(4lki             jl^HkJfliffhxTl 

efficiency  of  the  drill  was  indirectly  related  to  the  fall  in  ^^^^^^^^^^HBsfflL«idie>  H^MHf^    ' 

pressure  created  in  changing  direction  of  flow.  The  elbow  I^^^^^^^^^^HI^QP^^  '^^^WW  E^F^yfe  } 
curves  were  especially  significant.  It  was  found  first  of  all 
that  the  air  consumption,  that  is,  the  cu.  ft.  of  air  per  min- 
ute consumed,  did  not  vary.  The  relation  between  the 
energy  delivered  in  ft.-lb.  of  energy  per  blow  was  directly  in 
proportion  to  the  tables  showing  the  added  length  of  pipe 

for  each  elbow-  of  different  size.     The  number  of  blows  per  ,-"■""     ■    • "  '^TSSIBP^H&il^^-^'^^'SLSltew^'^'^SBI' 

minute,   however,   varied   widely   from   a   direct    proportion.  1  -^g^^  '  -  -  »        '"*        ^'^^T^BlBfc^^^^S'lBB^^^^i 

and   consequently    the   actual   horsepower    delivered    varied  Sr             '    '                             "  ^^^^^^?j(^^*^^^^^9| 
correspondingly.     These   and    other    tests    demonstrate    the 

tact  that   friction   seriously  aft'ects   the   blows  per  minute  on  View  of  Track   Before  Placing  of  Concrete,  showing   How  Tie  and 

any  drill,  while  it  does  not  affect  air  consumption,  ft.-lb.  of  ''^''  ^^""^  welded  Together, 

energy  per  blow  or  lb.  pressure  per  sq.  in.  per  blow.  base  of  the  tie  rail  to  the  base  of  the  track  rail,  as  shown 

Effect  of  Elbows  on   Drill   Efficiency, — Particularly  notice-  in   one   of  the   accompanying   views, 

able  is  the  varying  efficiency  of  the  drill  on  the  passage  ot  At  turnouts  the  ties  were  cut  long  enough  so  that  at  the 

air  through  elbows  of  different  sizes;  although  a  1%-in.  hose  heel  ot  the   switch  and  at  the  frog,   they  could  be  welded 

was  used,  the  drill  with  six  lV2-in.  elbows  was  only  60  per  to  all  four  rails.     Back  of  the  frog  for  5  or  6   ft.,  the  ties 

cent  efiicient.    If  six  elbows  were  to  be  used,  the  size  should  were   extended   to   reach   one  rail   ot  the   other  track,   thus 

be  lM,-in.  elbows  to  have  the  drill  maintain  its  highest  effi-  .i-'iving   a   very   rigid   construction. 

ciency,   and,   even   then,   the   number   of   blows   per   minute  It  was   found   that    track   built   as   above   described   could, 

delivered  through  six  l^-in.  elbows  was   lessened.  not  be  lined,  nor  could   superelevation   be   given   after  the 

The  conclusions  from  the  tests  on  air  transmission  and  its  ties  were  welded.  The  specifications  for  concrete  pave- 
relation  to  rock-drill  efficiency  were  that  straight  pipe  has  raent  required  a  thickness  of  tJ  in.  at  the  gutter  and  S  in. 
no  other  effect  than  that  given  in  the  many  tables  pub-  at  the  center  of  the  street.  The  depth  of  track  as  built 
lished,  due  to  loss  in  pressure,  but  the  other  fittings  that  was  S%  in.;  5%  in.  of  concrete  under  the  steel  tie  was  con- 
require  the  air  in  passing  through  them  to  change  direction  sidered  sufficient.  This  made  the  concrete  in  the  street 
one  or  more  times  have  both  a  serious  and  detrimental  car  section  14  in.  thick.  The  mix  throughout  was  Itl'i:". 
effect.  This  is  more  particulary  noticeable  in  the  conipari-  Specifications  required  reinforcement  but  between  rails, 
son  between  globe  and  gate  valves.  reinforcement  was  placed  with' heavier  wires  parallel  to 
.  Gate  Valves  Preferable  to  Globe  Valves.— There  is  much  '^e  axis  of  the  track  instead  of  transversely.  An  endeavor 
difference  between  globe  and  gate  valves  in  the  amount  of  ^^as  made  to  bond  the  concrete  to  the  rails.  No  weak 
friction  created  by  the  passage  of  air.  It  was  demonstrated.  Points  had  developed  in  this  construction  one  year  after 
in  the  first  place,  that  the  amount  of  air  passing  through  a  finished,  nor  do  any  show  at  the  present  time, 
valve  was  in  direct  proportion  to  the  size  of  the  orifice,  irre-  ^o  successful  were  the  results  of  this  experiment  re- 
spective of  the  shape  of  that  opening;  but  a  remarkable  .^^arded  that  when  Helena  Ave.  was  paved  in  1917,  the  same 
variation  was  observed  in  the  operation  of  the  drill,  which  t>Pe  of  construction  was  adopted  with  but  two  exceptions, 
was  in  no  way  related  to  the  size  of  the  opening  but  en-  The  first  was  omission  of  reinforcement,  and  second  the 
tirely  to  its  shape  and  the  change  of  direction  in  the  pas-  introduction  of  a  longitudinal  joint  :',  in.  beyond  the  end 
sage  of  air.  of  ties,   the  idea  being  to  make  the  track  construction   in- 

In  all  the  tests  there  was  generally  an  increase  in  effi-  dependent  of  the  street  pavement.  Instead  of  building  the 
ciency  by  use  ot  a  gate  valve  compared  with  a  globe  valve  track  section  ahead  of  the  sides,  thus  obtaining  a  straight 
of  the  same  size,  particularly  with  regard  to  the  number  of  -ioint,  the  pavement  was  laid  full  width  and  when  the  con- 
blows  per  minute  and  less  noticeable  as  to  the  energv  deliv-  crete  was  struck  off  with  a  template,  the  joint  filler  was 
ered.  This  bears  out  the  conclusion  as  to  the  relation  of  allowed  to  fall  out  of  line.  Joints  should  be  staggered  as 
friction.  It  will  be  noted,  however,  that  the  differences  in  t'''^  eliminates  the  copper  bonds.  The  ties  act  as  cross- 
efficiency  between  the  globe  and  gate  valves  was  greater  on  '^ouds  and  staggering  tends  to  prevent  cracks  in  the  pave- 
the   %-in.   valve,  and   the  variation   decreased   with   the  in-  ment. 

crease  in  the  size  of  the  valve,  until  with  the  114-ln.  valve  The  heaviest  cars  operating  over  this  line  weigh  IS  tons, 

practically  no  dift'erence  could  be  noted.     These  facts,  how-  T'le  cost  per  tie  in  place  was: 

ever,   do   not   apply   to   the   earliest   stages   of  opening   the  ,salva-i_-  of  T  ft   of  J5-lb   rail    iii.i  at  1  <t                               ^^si'o'i 

valves,  for,  on  a  %   turn,  a  globe  valve  is  actually  wider      LaborT  cutting    ..........    !or. 

open  thap  a  gate  valve,  owing  to  the  lap  due  to  the  seating      Labor,  welding ^11 

of  the  gate.  vcv  tie   $1.3!) 
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Applications  of  Conveyors  for 
Handling   of  Materials 

NowwhiTc  111  III.-  iiuliislriul  fabric  has  tlic  illsturbiinci- 
bnuiKlit  1)11  by  war  <'uiulltiiins  been  inorf  keenly  felt  than  In 
the  iinskillfd  labor  market  -  amonn  the  shovelers,  lifters  and 
movers  of  goods  and  materials.  I'erhaps  because  this  typo 
of  labor  had  always  been  plentiful  and  relatively  cheap 
there  had  been,  before  the  war.  less  application  of  machin- 
ery to  such  purposes  than  In  almost  any  other  Held. 

Ore  docks,  coal  docks,  srain  elevators,  and  some  larRe 
plants  were  equipped  with  complete  and  well  arranged  con- 
veyor systems.  Hut  unless  large  ((uanlities  of  material 
were  to  be  handled  in  a  highly  organized  way.  it  was  the 
custom  to  depend  on  human  labor  using  very  primitive 
equipment. 

Construction    jobs,    retail    coal    yards,    and    factory    power 


meet  any  reiiuirements.  This  made  it  practical  to  carry  at 
factory  for  prompt  shipments  a  large  stock  and  held  down 
the  investment  tied  up  in  such  a  stock  to  reasonable  pro- 
portions. 

These  conveyors  in  hundreds  of  buKinesses  have  proved 
llielr  ability  to  reduce  handling  costs  from  50  to  Wl  per  cent. 
.Single  unils  have  replaced  from  :!  to  LMi  men.  They  were 
so  badly  needed  thai  they  have  paid  for  themselves.  In 
many  cases.  In  less  than  a  month. 

Such  portable  belt  conveyors  elevate  an  well  as  move 
material  and  so  have  made  it  possible  to  use  more  fully  the 
storage  space  available.  Without  additional  cost  material 
can  be  piled  to  the  top  of  a  warehouse  or  a  coal  shed,  and 
on  the  open  ground,  higher  and  more  compact  piling  of 
material  Is  possible.  .Additional  construction  of  storage 
ouildings  can   in   this   way  often   be  avoided. 

In  the  service  of  the  Western  United  Cas  &  Electric  Co. 
at   its   plant   in  Joliet.  III.,  two  B-C   portable  belt   conveyors. 


plants  were  examples  of  undertakings  where  it  would  long 
ago  have  been  practical  to  install  mechanical  handling  of 
materials,  and  where  human  labor  was  usually  exclusively 
depended   upon. 

War  conditions  undermined  old  methods  from  two  direc- 
tions. Transportation  became  uncertain  and  made  it  essen- 
tial to  receive  material  in  the  largest  possible  quantities 
whenever  transportation  was  available  and  store  it  until  it 
could  be  used.  It  was  no  longer  possible  to  depend  on  ship- 
ments arriving  at  the  plant  in  such  regular  sequence  lUat 
coal  or  other  materials  could  be  unloaded  from  the  cars  for 
immediate    use.      Storage    required    more    handling,    more 


Fig.   i — Sketch   Showing    How   Conveyor   is   Used   to    Load    a    Rail- 
road  Car   From    a    Motor   Truck — the   Truck    Dumping    Di- 
rectly   Into    the    Hopper    End    of    the    Conveyor. 

labor.  'I'liis  increased  demand  for  labor  came  al  a  time 
when  the  ranks  of  labor  liad  been  greatly  depleted  by  tlio 
war  demands  for  man-power,  and  when  all  Industry  was 
straining  to  the  utmost  to  produce  war  materials.  High 
wages  and  the  knowledge  that  any  number  of  jobs  were 
waiting  made  the  lower  grades  of  labor  unreliable  and  hard 
'o    handle. 

This  situation  aroused  more  interest  In  light,  portable, 
material-handling  machines  than  ever  had  been  felt  before. 
It  became  an  established  principle  with  many  companies  not 
only  to  replace  labor  by  machinery  whenever  the  machine 
coiihl  do  the  work  cheaper,  but  to  prefer  the  machine  if  the 
costs  were  the  same  or  even  slightly  higher. 

Light,  strong,  well-designed  portable  conveyors,  economi- 
cal of  power,  easily  moved  about  and  set  up,  made  their 
appearance.  They  were  designed  and  built  In  standardized 
sections  that  could  be  assembled  in  unils  of  any  length  to 


Fig.   3 — Sketch   Showing   How  Conveyors  Can   be   Used   to   Increase 

the    Storage    Capacity    of    Space    by    High-piling    Over 

the   Whole   Area. 

made  by  the  Barber-Greene  Company,  of  Aurora,  ill.,  are 
operated  in  series  in  loading  coke  into  railway  cars.  These 
cars  are  loaded  in  from  two  to  four  hours,  according  to  size 
and  type,  with  less  than  half  the  labor  that  was  previously 
required  to  load  them  in  from  7  to  10  hours.  The  saving  in 
cost  is  about  50  per  cent.  This  is  typical  of  results  secured 
by  use  of  these  conveyors  in  many  places. 

Several  types  of  conveyors  have  been  worked  out  to  meet 
different  requirements  by  the  Barber-Greene  Co.  For  ele- 
vating at  angles  under  25^  a  plain  belt  is  employed.  For 
angles  of  :?0°  to  35^  a  belt  equipped  with  steel  nights  Is 
lirovided  to  jirevent  The  material   slipping  down   the  grade. 


fntto  i»Mvmm 


Fig.  4 — Sketch  Showing  the  Use  of  Permanent  Conveyor,   a   Chute 

and   Portable  Conveyor  for   Building   Storage   Piles 

Well    Back    From   the   Railroad   Track. 

For  chemicals  that  will  corrode  iiielal  conveyors  of  similar 
design  are  provided  with  wooden  frames.  The  conveyors 
are  made  portable  by  mounting  them  on  a  wheeled  truck  or 
suspending  them  from  a  trolley  attached  to  an  overhead 
steel  cable. 

A  wide  variety  of  applications  has  been  worked  out  since 
these  conveyors  went  into  use  -many  of  (hem  unforeseen 
until  they  were  discovered  in  practical  use.  They  unlond 
cars  into  piles,  into  storage  sheds,  into  wagons  or  motor 
trucks.  They  load  cars  from  trucks  or  wagons,  storage 
piles  or  sheds.  Where  the  carry  is  longer  two  or  more  con- 
veyors can  be  worked  In  combination-sometimcs  with  a 
chiile  between  them.  A  careful  sludy  has  been  made  of 
piling  systems  and  methods  developed  by  which  the  largest 
timnage  can  l-e  stored  on  a  given  amount  of  surface. 

.•\  t'ew  methods  of  applying  the  conveyor  are  illustrated  Iti 
the  accompanying  ilrnwings. 
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Filtered  Air  Supply  for  Pneumatic 
Tools 

The  desirability  of  providing  a  clean  air  supply  for  pneu- 
matic tools  is  pointed  out  in  a  recent  Standard  Practice 
Bulletin  of  the  Division  of  Steel  Ship  Construction  of  the 
U.  S,  Shipping  Board  Emergency  Fleet  Corporation.  Ex- 
tracts   from    the    bulletin    follow: 

One  of  the  simplest  and  most  logical  steps  in  an  effort 
to  prolong  the  life  of  air  tools,  as  well  as  the  compressing 
equipment,  would  include  a  proper  cleansing  of  the  air 
supply  at  the  compressor  intake.  Air  taken  in  around  the 
average  manufacturing  plant  is  anything  but  clean,  even 
though  the  inlet  it  favorably  located,  and  it  is  certain  that 
the  wear  of  pneumatic  tools  is  very  rapidly  increased  by 
dust  and  grit  carried  in  the  air,  even  when  the  tools  are 
properly   oiled. 

Cloth  filter  screens,  if  properly  designed  and  handled, 
will  clean  the  air  to  a  very  large  extent  and  can  be  made 
to  serve  the  purpose  in  a  very  satisfactory  way.  The  larger 
the  filtering  area,  the  closer  the  grade  of  cloth  that  can 
be  used,  and  the  more  perfect  the  filtration.  A  very  open 
cheese  cloth,  for  Instance,  placed  over  an  inlet  strainer  hav- 
ing not  more  than  two  or  three  times  the  area  of  the  com- 
pressor   suction    pipe    would    do    very    little    good    while    a 
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Drum    Construction    of    Heavy    Wire    Netting    for    Compressor 
Intake  Filter. 

closer  woven  and  more  substantial  cloth  placed  over  a 
much  larger  area  will  admit  the  air  at  a  lower  velocity, 
with  no  more  resistance,  and  will  clean  it  very  much  more 
thoroughly. 

Careful  tests  made  by  the  Standard  Practice  Branch  of 
the  Emergency  Fleet  Corporation  show  that  air  will  pass 
through  a  light  grade  of  unbleached  muslin  (common  un- 
bleached cotton  cloth)  at  the  rate  of  100  cu.  ft.  per  minute 
per  square  foot  of  area,  when  subjected  to  a  suction  pres- 
sure, equal  to  %-in.  static  head  of  water,  or  the  equvalent 
of  approximately  1/100  lb.  On  account  of  the  pulsating 
action  of  the  air  entering  a  compressor  suction  pipe,  a  light 
cotton  cloth  filter  should  be  based  on  a  velocity  of  not 
more  than  1  ft.  per  second  or  60  cu.  ft.  per  minute  per 
square  foot  of  surface. 

While  the  arrangement  of  a  compressor  intake  filter  will 
depend,  more  or  less,  on  the  particular  location  and  sur- 
roundings, it  will  always  be  possible  to  extend  the  suction 
pipe  outside  of  the  building  in  the  form  of  a  drum,  con- 
structed of  heavy  wire  netting,  as  indicated  by  the  accom- 
panying sketch.  The  filter  cloth  can  be  placed  around  the 
drum,  or  series  of  drums,  where  large  area  is  required. 

It  a  supporting  layer  of  poultry  wire  is  secured  around 
the  outside  of  the  cloth  a  large  measure  of  cleaning  can 
be  very  conveniently  accomplished  by  admitting  a  sufficient 
volume  of  high  pressure  air  directly  into  the  intake  pipe  and 
reversing  the  flow  through  the  cloth,  at  intervals  when  the 
compressor  is  not  in  operation.  An  intake  of  this  type 
should  be  protected  by  hood  or  shelter  to  keep  the  cloth 
dry. 

A  plain  "U"  tube  draft  gage  conveniently  located  and 
connected  with  the  suction  drum  would  indicate  the  re- 
sistance imposed  by  the  cloth  as  it  becomes  clogged  and 
call  attention  to  the  necessity  of  cleaning. 

Air  washers  similar  to  those  used  for  cleaning  air  for 
the  ventilation  of  buildings  should  provide  an  ideal  means 
for  completely  removing  all  dust  and  dirt  from  a  compres- 
sor plant  air  supply. 

While  the  humidity  will  be  increased  in  the  air  before 
the  compression  during  certain  weather  conditions,  it  is 
interesting  to  note  that  no  practical  disadvantage  will  re- 
sult, for  the  following  reasons: 


Air  having  a  relative  humidity  of  15  per  cent  or  over, 
when  compressed  to  100  lb.  and  cooled  to  its  original  tem- 
perature, is  fully  saturated.  Since  the  air  approaching  the 
tools  is  usually  saturated  when  no  washer  is  used,  the  only 
difference  will  be  the  quantity  of  water  condensed  in  the 
pipes. 

The  quantity  of  water  condensed  in  the  pipes  under  the 
present  conditions,  gives  serious  trouble  if  not  properly 
provided  for  by  the  use  of  separators  in  the  distributing 
system  and  an  even  greater  quantity  will  give  no  trouble 
whatever  if  proper  provision  is  made  tor  its  collection  and 
disposal.  Hence  the  difference,  except  in  very  dry  weather, 
is  a  matter  of  quantity  of  water  to  be  handled  in  the  pipes 
and  not  a  difference  in  the  final  humidity  of  the  air  at  the 
tools. 

If  after-coolers  are  used,  to  precipitate  the  moisture  at 
the  power  house  after  compression,  the  question  becomes 
one  of  quantity  of  water  precipitated  and,  except  in  very 
dry  weather,  conditions  in  the  distributing  lines  will  be 
identical  either  with  or  without  air  washing. 

A  study  of  the  pneumatic  tool  situation  at  one  of  the 
large  shipyards  showed  that  the  foreign  matter  carried  in 
the  air  was  of  such  a  nature  and  extent  as  to  practically 
preclude  the  use  of  the  small  wire  gauze  strainers,  which 
belong  in  the  air  gun  connections,  on  account  of  too  fre- 
quent stoppage.  The  operators  arbitrarily  remove  the 
strainers  on  account  of  the  delays  which  they  cause. 

The  repair  room  records  in  this  plant  show  that  more 
than  50  per  cent  of  all  air  tool  repairs  consist  of  cleaning 
air  parts  and  working  parts  affected  by  the  dirt  carried  in 
the  air.  In  like  manner,  a  large  percentage  of  compressor 
troubles,  so  far  as  the  air  cylinders  and  valves  are  con- 
cerned are  directly  caused,  or  aggravated  to  a  large  ex- 
tent, by  the  dirt. 

There  is  every  reason  to  believe  that  a  proper  cleansing 
of  the  air  supply,  together  with  separating  tanks  or  cham- 
bers, located  near  the  distributing  headers  for  the  removal 
of  water,  pipe  scale,  etc.,  will  do  much  to  relieve  the  rapid 
deterioration   of  air  tools. 


Gas  Driven  Locomotive  for  Industrial 
Purposes 

A  standard  gage  gasoline  locomotive  designed  for  the  re- 
quirements of  the  mining  field  and  other  industrial  purposes 
is  illustrated  below.  This  locomotive  weighs  about  25,000 
lb.     Its   dimensions   are:      Length,    219    in.;    width,   96   in.; 


Model    L.60   standard    Gage    Milwaukee    Gasoline    Locomotive. 

height  over  cab,  132  in.;  wheel  base  84  in.  It  is  geared  for 
speeds  of  4.2  miles  and  8.4  miles  per  hour  at  a  governed 
engine  speed  of  700  rpm.  The  guaranteed  draw  bar  pull 
on  suitable  clean  dry  rail  is  5,400  lb.  in  low  gear  and  2,700 
lb.  in  high  gear.  The  engine  is  of  the  4-cycle,  4  cylinder, 
vertical  type,  the  cylinders  having  a  7  in.  bore  by  8  in. 
stroke.  The  speeds  in  the  transmission  are  changed  by 
means  of  jaw  clutches  with  all  gears  in  mesh,  obviating  the 
use  of  sliding  gears. 
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Precautions  for  Reducing  Acci- 
dents on   Construction 
Work* 

By   VV.  J.   LYNCH. 

Asulnlant   lo  VU-i-  rrf«lilciit,  Tliuin|>8oii-SiiiiT>'il  fo. 

Use  only  substantial  machinery  and  equipnu-nt  aih-ipted 
for  the  work  on  which  It  Is  used. 

Machinery  and  etiulpnu-nt  when  returned  to  the  contrat- 
lors  yard  from  a  Jdb  should  be  given  a  thorough  Inspection 
and  overhauling,  so  that  it  will  be  In  first-class  condition 
when  delivered  to  a  new  operation. 

I'nder  no  circumstances  should  equipment  be  overloaded; 
take  no  unnecessary  chances  where  human  life  is  In  danger. 

Where  wooden  derricks,  travelers  or  timber  rigging  is 
used,  see  that  all  timbers  are  in  good  condition  and  are 
erected  plumb  and  square,  and  that  all  chains  and  fittings 
are  securely  tied  or  bolted. 

Where  stiff-leg  derricks  are  used,  see  that  they  are  prop- 
erly weighted.  On  industrial  work,  where  the  derrick  is 
lo  remain  in  one  location  for  a  considerable  time  unloading 
materials,  small  concrete  foundations  are  .so;iie:imes  pro- 
vided—bolts set  in  the  concrete  being  used  to  hold  the 
derrick. 

In  very  cold  weather  unusual  care  should  be  exercised 
not  to  overload  derricks,  on  account  of  the  action  of  the 
cold  on  the  metal  parts. 

Frequent  cleaning  of  boilers  and  mechanical  equipment 
serves  economy  in  operation  as  well  as  being  an  important 
element    in    accident    prevention. 

To  protect  operators  from  falling  materials,  provide  hous- 
ing where  hoisting  engines  or  motors  are  exposed. 

Crank  shafts,  gears,  and  all  revolving  projections  should 
be  encased  or  other  effective  protection  provided. 

Horizontal  shafting  and  hoisting  cables  should  be  rail 
guarded  or  some  danger  mark  appear  in  the  area  in  which 
the  shafting  or  cables  are  located,  to  indicate  danger  to  the 
workmen. 

Vertical  shafting  or  cables  should  be  placed  in  unexposed 
shafts  where  possible,  but  when  running  through  exposed 
areas  should  have  temporary  enclosure  for  7  ft.  in  height, 
or  be  rail  guarded 

The  space  adjacent  to  moving  cables,  engines,  etc.,  should 
be  kept  clear  of  piles  of  used  lumber,  rope,  rubbish,  etc. 

Moving  cables  should  be  free  from  chafing  against  con- 
crete, tile,  steel,  or  other  hard  material,  producing  wear. 

Where  guy  cables  turn  over  edge  of  steel  plates  or  sharp 
corners,  provide  wood  or  other  protection  against   cutting. 

The  loads  should  not  be  thrown  too  quickly  on  the  motors 
of  electric  hoists.  This  brings  severe  strain  on  the  hoist- 
ing mechanism  and  may  result  in  burned-out  coils. 

Cleaning  or  repairing  should  not  be  done  while  machin- 
ery  is  In   motion. 

Blocks  and  sheaves  should  be  selected  for  the  cables 
u.sed.  to  prevent  undue  wear  on  the  cable. 

Steam  shovels  should  be  kept  on  as  nearly  a  level  bed 
as  possible,  to  prevent  overturning.  Special  care  should 
be  exercised  in  lifting  loads  with  locomotive  cranes  when 
on   Inclined  tracks  or  curves. 

Steam  shovels  and  locomotive  cranes  should  be  kept 
orderly,  and  mi.scellaneous  parts  kept  In  their  places,  to 
eliminate   stumbling  or  tripping   haxard. 

Only  those  actually  required  should  be  allowed  on  steam 
shovels  or  cranes,  and  wherever  possible  workmen  should 
be  kept  out  of  the  way  of  the  swing  of  the  loads,  the  op- 
erators  being   Instructed   to   Insist   upon  this   precaution. 

See  that  all  chains  and  cables,  including  rings  and  hooks 
in  same,  are  amply  strong,  the  use  of  steel  cable  being  rec- 
ommended. Keep  machine  fittings  and  cable  well  oiled 
and  greased.  See  that  all  guy  cables  are  securely  fastened 
by  substantial  clamps.  Plates,  shackles,  chains,  hooks,  etc., 
that  show  any  sign  of  fracture  or  are  badly  bent  should  re- 
ceive Immediate  attention,  and  If  liable  to  be  subjected  to 
heavy   strain  or  heavy  loads,  should   be  replaced. 

Hooks  lifting  very  lieavy  loads  should  have  either  a  safety 
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••lamp  or  be  securely  lushed,  to  prevent  spreading  and  drop 
liing  of  load.  When  lifting  heavy  loads,  avoid  liharp  bends 
on  the  cable  slings,  and  when  lifting  steel  use  wood  block 
ing  to  prevent  slipping  and  to  prevent  abrasion  of  the  cable 

See  that  the  shafts  of  hoisting  engines  are  true,  and 
ilutches,  brakes  and  gears  engage  properly  and  work  freely 

Hiding  derrick  loads  or  material  hoists  should,  of  course 
lie  prohibited. 

Material  hoists  should  be  guarded  with  wire  or  other  en 
closure  on  three  sides  and  wood  bar  at  front  opening. 

Passenger  hoists  should  be  provided  for  workmen,  en 
closed  on  three  sides  and  top.  with  gate  enclosure  at  the 
opening. 

All  power  saws,  planers  and  jointers  should  have  enclos- 
ing guards. 

Unless  absolutely  necessary,  workmen  should  not  be  per- 
mitted to  ride  on  automobile  trucks.  Many  accidents  have 
occurred  through  falls  from  overcrowding,  hitching  on  and 
jumping  off  trucks  in  motion. 

Men  using  acetylene  torches  should  use  goggles  and 
s;Ioves. 

Many  accidents  occur  from  the  use  of  defective  and 
worn  hand  tools.  Cracked  or  insecure  handles  should  be 
replaced;  saws,  chisels,  etc.,  should  be  kept  sharp,  and 
hammers  and  sledges  with  mashed  or  fractured  heads 
should  be  dressed   or  replaced. 

In  cutting  concrete,  wire  or  other  holders  should  be  used 
to  hold  the  handle  of  the  cold  chisel  in  order  to  avoid  in- 
jury when  the  blow  on  the  head  of  the  cold  chisel  is  mis- 
directed. Tools  should  not  be  left  lying  around  to  be  tripped 
over  or  knocked  on  workmen  below. 


The   Wages  of  Railway  Technical 
Engineers 

The  American  Association  of  Kngineers  has  petitioned 
the  Board  of  Railroad  Wages  and  Working  Conditions  of 
the  U.  S.  Railroad  Administration  for  a  special  hearing  to 
consider  the  subject  of  wages  of  railroad  technical  engi- 
neers. The  association  has  appointed  a  committee  of  rep- 
resentative railroad  engineers  to  assist  in  gathering  and 
presenting  the  facts  that  bear  on  this  case. 

The  onerous  conditions  brought  upon  railroad  technical 
engineers  by  reason  of  wages  too  low  to  meet  living  ex- 
penses has  been  brought  repeatedly  to  the  attention  of 
the  association.  One  petition  from  the  engineering  corps 
of  the  Michigan  and  Logansport  Division  of  the  P.  C.  C.  & 
St.  P.  R.  R.  sets  forth  in  a  striking  manner  the  wage  condi- 
tions on  that  division.  According  to  this  petition  an  in- 
vestigation of  the  pay  rolls  of  a  contractor  who  was  doing 
work  under  the  supervision  of  the  engineers  of  the  Mich- 
igan Division  disclosed  the  following: 

1.  The  contractor's  foreman  receives  $225  per  month  as 
against  $i;?6  paid  to  the  railroad  company's  engineer  on 
construction. 

2.  The  contractor's  chief  clerk  receives  $1.50  per  month  as 
against  $136  paid  to  the  railroad  engineer  on  construction. 

:!.  The  contractor's  team  foreman,  who  has  charge  of  5 
or  7  teams,  receives  $14  per  month  more  than  the  engi- 
neer on  construction. 

4.  The  following  contractor's  employes  receive,  in  addi- 
tion lo  the  salaries  and  wages  quoted  below,  time  and  one- 
half  for  overtime  and  double  time  for  holidays,  while  no 
such  compensation  for  overtime  is  being  awarded  the  en- 
gineer. In  fad  he  is  not  allowed  anything  whatever  for  the 
time  in  excess  of  8  hours  he  is  compelled  to  work  nor  for 
work  on  holidays. 

Steam   shovel   engineer   receives   $220   per  month. 

Steam  shovel  craneman  receives  $150  per  month. 

Steam  shovel  fireman  receives  $125  per  month. 

Dump  foremiin  receives  55  ct.  per  hour — a  higher  rate 
than  Is  paid  the  engineer  In  charge  of  the  work,  and  who 
is  a  certified  member  of  the  American  Association  of  Engi- 
neers. 

Track  foremen,  team  foremen  (In  charge  of  6  to  10  team.s 
each),  and  many  laborers  receive  sums  far  in  excess  of  the 
members  of  the  M.  of  W.  corps. 

In  comparison  with  the  above  the  following  is  the  list  of 
salaries  paid  on   Michigan  Division: 
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1.  Assistant  on  Engineering  Corps;  salary,  $136  per 
month;  engineer  in  charge  of  construction;  college  grad- 
uate; 13  years'  experience  of  which  6  years  has  been  in 
charge  of  construction;  member  of  American  Association  of 
Engineers. 

2.  Assistant  on  Engineering  Corps;  salary,  $123.25  per 
month;  first  man  on  maintenance  corps;  college  graduate; 
7  years'  experience.  3  years  in  charge;  member  of  Amer- 
ican Association  of  Engineers. 

3.  Assistant  on  Engineering  Corps;  salary  $105.75  per 
month;  3  years'  experience;  qualified  for  American  Asso- 
ciation of  Engineers'  membership. 

4.  Assistant  on  Engineering  Corps;  salary,  $98.75  per 
month;  3  years'  college;  3  years'  experience;  qualified  for 
junior  membership   in   American   Association   of   Engineers 

5.  Assistant  on  Engineering  Corps;  salary,  $95.90  per 
month;  17  years'  experience  of  which  13  has  been  in  charge; 
certified  member  of  the  American  Association  of  Engineers 

Wages  paid  in  other  lines  of  railway  work  are  cited  in 
the  petition  as  follows:  One  employe  on  the  Michigan  Di- 
vision, 17  years  of  age,  who  has  been  in  the  service  of  the 
company  but  a  few  weeks  and  whose  education  had  its  end- 
ing in  the  fourth  grade  of  the  local  common  schools  at  the 
age  of  16,  for  his  services  as  engine  oiler  during  the  month 
of  August,  1918,  received  well  over  $200.  A  car  repairman 
on  the  same  division  received  $205.50  per  month.  This 
man  formerly  drew  $75  per  month  for  the  same  services 
he  now  renders.  Day  laborers  working  on  the  coal  dock 
and  ash  pit  receive  $112.50  per  30-day  month.  Helpers  in 
the  engine  house  receive  $178.80  per  30-day  month.  Tool 
room  attendants  receive  $130.85  per  month. 


Mines  and   Countermines  on   the 
French  Front* 

By  CAFT.   H.   D.   TROUNCE. 

As  soon  as  the  Germans  had  been  halted  In  their  drive  in 
August,  1914,  they  entrenched  themselves,  and  wherever  the 
trenches  of  the  Allies  were  within  100  yards  of  their  own 
tliey  proceeded  to  start  mining  across  "No  Man's  Land." 
Early  in  1915  they  exploded  a  large  number  of  mines  under- 
neath the  Allied  trenches.  The  French  and  British  imme- 
diately organized  tunneling  or  mining  companies  and  pro- 
ceeded to  countermine.  During  1915  they  were  mostly  en- 
gaged on  the  defensive  in  these  operations  below  ground, 
but  toward  the  end  of  191.5  and  in  1916  and  1917  the  Allies 
succeeded  in  reversing  the  state  of  affairs  and  were  active 
with  offensive  mining. 

When  I  reached  the  trenches  early  in  the  first  week  of 
.January,  1916,  the  British  company  I  was  with  had  succeeded 
in  sinking  a  number  of  shafts  (not,  however,  without  having 
several  of  them  destroyed  by  the  enemy  during  their  con- 
struction! and  had  driven  a  number  of  galleries  well  over 
toward  the  Hun  lines.  Our  trenches  here  opposite  Fomelles 
averaged  from  80  to  150  yards  apart.  On  account  of  shal- 
low water  level,  we  averaged  a  depth  of  about  25  ft.  below 
the  surface,  and  only  by  constant  pumping  with  hand  pumps 
were  we  able  to  keep  up  the  progress  in  our  galleries.  The 
soil  was  generally  a  blue  plastic  clay.  At  intervals  we 
would  strike  running  sand,  and  when  this  happened  we 
usually  found  it  wise  to  abandon  the  drive  and  start  new 
workings.  At  the  outset  many  of  our  tunnels  also  were 
destroyed  by  enemy  "blows."  but  we  succeeded  in  putting 
in  quite  an  elaborate  system  in  the  course  of  time.  The 
sector  we  were  operating  on  had  a  frontage  of  approximately 
half  a  mile,  and  on  this  front  we  had  about  16  shafts.  From 
the  shafts  we  drove  a  complete  system  of  defensive  gal- 
leries. Our  main  galleries  were  about  5%  ft.  by  2%  ft.  to 
3  ft.  in  cross  section;  branch  galleries  about  4V2  ft.  by  2V2 
ft.  and  with  listening  galleries  or  "rabbit  holes,"  were 
usually  in  the  form  of  a  Y  from  the  end  of  branch  galleries 
and  these  were  used  principally  for  listening  purposes. 

There  is  a  marked  difference  between  mining  in  clay  and 
chalk.  Later  on  in  the  Vimy  Ridge  area  we  had  consider- 
able mining  in  chalk.      In  clay  it  was  possible  for  the  Ger- 
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mans  and  ourselves  to  tunnel  to  within  a  few  feet  of  each 
other  before  we  could  hear  any  sound  of  mining;  and  elab- 
orate precautions  were  taken  to  insure  silence.  In  chalk  it 
is  possible  to  hear  from  much  longer  distances,  especially 
where  the  chalk  contained  any  amount  of  flint. 

To  insure  silent  working  in  the  clay  we  would  use  graft- 
ing tools  instead  of  shovels.  No  nails  were  used  in  the  tim- 
bering, all  sets  being  wedged  witli  sand  bags.  Blankets 
were  hung  in  the  end  of  galleries  to  deaden  the  noise.  As 
we  approach  nearer  to  the  enemy  the  men  working  in 
advanced  tunnels  would  have  to  use  canvas  shoes  or  work 
in  their  socks.  No  talking  was  allowed.  Every  precaution 
was  taken  to  insure  silent  work.  As  the  life  of  every  one 
in  the  galleries  depended  on  this,  the  work  was  conducted 
almost  noiselessly.  When  we  reached  within  striking  dis- 
tance of  the  enemy,  we  would  build  a  charge  chamber  and 
load  it  with  guncotton,  connecting  up  with  detonators  and 
a  double  set  of  leads  to  the  charge,  and  at  the  right  mo- 
ment fire  these  charges  from  the  trench  above  by  means  of 
blasting  machines.  From  this  clay  soil  and  at  a  depth  of 
from  20  to  25  ft.,  we  would  blow  craters  60  or  70  ft.  wide  with 
a  small  charge  of  600  or  700  lb.  of  guncotton.  As  a  matter 
of  fact,  when  we  met  the  Hun  below  ground  under  "No 
Man's  land  we  would  endeavor  to  fire  "camouflets,"  that  is, 
a  charge  calculated  to  destroy  enemy  galleries  but  not  to 
break  the  surface  of  the  ground.  We  would  usually  carry 
on  our  work  until  we  heard  the  Germans  talking.  When  you 
can  hear  the  enemy  talking  in  clay  you  can  bet  they  are 
pretty  close.  On  some  occasions  we  have  in  this  way  fired 
our  mine.-i  when  within  three  or  four  feet  of  enemy  mines.  In 
March.  1916,  we  broke  into  a  German  gallery  and  had  a 
fight  with  them  underground. 

Trench  mining  in  clay  is  much  more  dangerous  than  in 
chalk,  on  account  of  the  fact  I  have  mentioned — the  difficulty 
of  hearing  operations  until  one  is  almost  on  top  of  them. 
In  the  chalk  country  further  south,  in  the  Vimy  Ridge 
trenches  and  the  Somme  area,  we  were  mining  at  much 
greater  depths.  Some  of  our  mines  were  150  ft.  deep,  and 
after  the  battle  of  the  Somme  we  found  the  Germans  at  Fri- 
court  had  a  mine  system  200  ft.  deep.  For  these  chalk 
mines  we  used  a  different  and  much  stronger  high  explosive 
than  guncotton.  With  the  British,  we  used  individual  mine 
charges  as  large  as  100,000  lb.  These  would  blow  cone- 
shaped  craters  several  hundred  feet  in  diameter  and  well 
over  loo  ft.  deep.  Some  idea  of  the  terrific  force  of  these 
mines  can  be  obtained  when  you  compare  the  bursting 
charge  of  the  Mills  bomb,  which  contains  4  oz.,  or  14  lb.,  of 
ammonal,  with  the  single  mine  charges  of  100,000  lb.,  or 
400.000  times  that  amount.  You  cannot  see  a  hand  bomb, 
like  the  Mills,  burst  without  having  some  respect  for  its 
destructive  qualities — particularly  if  you  are  close  up. 

Nearly  all  of  our  work  on  these  Flanders  mines  was  done 
by  hand.  At  times  our  galleries  and  tunnels  would  be  half 
lull  of  water,  and  it  required  constant  pumping,  day  and 
night,  to  carry  on  the  operations.  Hand  water  pumps  and 
hand  air  pumps  were  used.  Vertical  shafts  were  sunk  in  this 
clay,  usually  of  case  timber,  and  light  pit-prop  sets  were  used 
lor  the  galleries.  All  the  dirt  was  handled  in  sand  bags 
from  the  face,  and  brought  out  from  the  main  galleries  on 
rubber-tired  mine  cars  and  hoisted  to  the  surface  by  wind- 
lasses. The  sand  bags  were  used  for  reveting  and  repair- 
ing trenches,  which  are  being  continually  destroyed  by  en- 
emy fire  and  action  of  the  weather,  and  the  surplus  bags 
were  emptied  at  night  into  shell  holes  and  old  mine  craters. 

We  were  fortunate,  in  our  work  below  ground  in  not  los- 
ing more  men  than  we  did,  but  it  required  constant  and 
careful  listening  to  avoid  casualties.  We  could  distinguish 
in  time  the  nature  of  the  sounds  of  the  enemy  miners  when 
charging  their  mines,  as  distinct  from  everyday  work,  and 
mighty  useful  it  was  that  we  could  do  so.  When  we  sus- 
pected the  enemy  were  about  to  fire  one  of  their  mines,  we 
would  warn  the  infantry  and  have  them  withdraw  any  of 
their  men  who  were  on  guard  on  top  at  threatened  points. 
Sometimes  they  would  keep  us  guessing,  and  would  hold 
their  mines,  just  as  we  did  ours,  for  several  days  or  even 
a  week  or  two  before  firing  them.  The  fact  that  mining  is 
going  on  between  the  trenches  is  easily  established  after 
several  weeks'  work,  but  every  effort  is  made  to  conceal 
the  exact  location  of  the  galleries. 
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Cleveland    Considers   Broad   Re- 
organization of  Its  Railroad  and 
Interurban  Transportation 
Facilities 

Tlif  suLiiiissun  of  ii  new  railroad  fri'lslit  and  passenger 
torniiiiul  plan  to  the  people  of  Clcvehmd  to  uccomniodato 
all  roads.  IncludinK  interurban  electrics  whose  tratlic  would 
therety  be  removed  from  the  public  streets  to  private 
rights-of-way  has  brought  the  city  face  to  face  with  the 
question  of  abandoning  the  Ions  expected  Union  Depot 
along  the  lake  front  at  the  foot  of  the  mail  or  civic  center. 
The  site  of  the  new  passenger  station  as  proposed  Is  next 
to  and  facing  on  the  public  stiiiare.  while  the  old  site  con- 
templated a  monumental  passenger  terminal  building  en 
the  sightly  blulT  above  the  lake,  this  building  completing 
the  architectural  plan  of  the  .Mall  as  originally  designed  by 
Messrs.  Burnhani.  Carrere  and  Urunner  and  later  partially 
carried  out  by  the  Cleveland  Croup  Plan  Commission  by 
the  erection  of  several  monumental  city  and  county  build- 
ings and  the  preservation  of  site  for  others  conforming  to 
the  original  Mall  plan.  The  new  plan  contemplates  not  only 
union  passenger  facilities  but  also  freight  house.-;  at  the 
high  level  of  the  business  district  and  the  co-ordination 
of  railroad  entrances  under  one  terminal  organization. 
Cleveland  already  has  voted  in  favor  of  the  old  site.  It  is 
now  contemplated  to  place  before  the  voters  an  initiated 
ordinance  covering  the  new  plan. 

The  questions  involved  are  so  conflicting  that  numerous 
civic  organizations  are  studying  the  two  plans  and  to  this 
end  the  Chamber  of  Commerce  recently  retained  Mr.  Bion 
J.  .Arnold  of  Chicago  to  report  upon  the  important  features 
of  the  controversy,  covering  an  analysis  of  the  comparative 
advantages  and  disadvantages  of  the  two  plans,  the  probable 
result  in  traffic  congestion  on  the  public  square  resulting 
from  the  concentration  of  seven  or  more  stations  into  one 
union  station  and  the  practicability  of  largely  organizing 
the  passenger  and  freight  carrying  roads  and  terminal  fa- 
cilities in  Cleveland.  The  most  important  question  pro- 
pounded to  Mr.  Arnold  for  solution  is  as  follows: 

"Is  it  practicable  to  adjust  freight  and  passenger  termi- 
nals in  this  city  to  the  future  requirements  of  a  city  grow- 
ing at  the  rate  at  which  Cleveland  is  growing  and  still 
keep  the  union  passenger  station  on  the  Mall  site?" 

As  both  the  street  car  and  steam  passenger  traffic  is 
growing  so  fast  as  to  double  in  about  eight  years  or  less 
(and  in  the  case  of  some  roads  in  four  or  five  years),  the 
problem  of  meeting  Cleveland's  rapid  growth  is  an  impor- 
tant one.  The  Cleveland  district  is  now  estimated  to  hold 
nearly  1.000.000  persons  and  the  great  industrial  expansion 
Is  already  developing  grave  problems  in  housing.  New 
freight  facilities  are  already  fully  absorbed,  thoir  capacity 
is  to  be  more  than  doubled,  and  it  is  contemplated  in  the 
new  plan  to  direct  all  passenger  traffic  through  Cleveland 
from  the  lake  front  tracks  to  a  new  Interior  right-of-way 
which  is  Intended  to  be  used  also  by  the  various  inter- 
urbans  entering  Cleveland.  These  electric  roads  handle 
fully  one-half  as  much  passenger  business  as  the  steam 
roads. 

The  city  is  also  studying  rapid  transit  and  subway  de- 
velopment, new  viaducts  across  the  valley  of  the  Cuyahoga 
and  the  straightening  of  this  crooked  stream  to  facilitate 
much  needed  harbor  development. 

The  Held  survey  and  development  studies  of  the  Arnold 
investigation  are  already  In  progress,  in  charge  of  .Mr.  ,1. 
K.  Hibbins  of  Chicago  and  a  preliminary  report  will  be 
shortly  made  iiublic  at  a  conference  In  Cleveland  at  which 
city  and  railroad  officials  and  others  prominently  identified 
with  this  railroad  question   will  be  present. 

The  survey  conducted  by  Mr.  Hibbins  follows  identical 
'Ines  of  similar  investigation  made  in  connection  with  re- 
ports of  Mr.  .-Vrnold  on  terminal  development  problems  In 
Chicago,  Baltimore.  Syracuse,  New  Orleans  and  Jersey  City, 
previounly  published.  In  these  studies,  the  fullest  co-op- 
eration and  unification  of  railroad  facilities  have  been 
urged,  not  only  for  passenger  but  also  for  freight.  It  re- 
mains to   be   seen   whether  such  a  policy  as  recommended 


by  Mr.  Arnold  can  now  be  adapted  to  the  special  coudi- 
tions  brought  about  by  Cleveland's  topography  and  extraor- 
dinary  growth. 


Separator  for  Removing  Water  from 
( iom  pressed  A  i  r 

In  connectiiii  with  the  operation  of  iineumalic  lool.-^  any 
water  which  is  In  the  compressed  air  supplied  to  them  occu- 
pies valuable  power  space  in  the  cylinders  of  the  tools,  there- 
by decreasing  their  efficiency  and  sooner  or  later  resulting  In 
damage  to  the  tool  Itself,  due  to  the  constant  internal  ham- 
mering action  of  the  water.  A  device  for  mechanically  re- 
moving water  from  compressed  air  has  recently  been  placed 
on  the  market  by  the  Oriscom-Rus.sell  Co..  90  West  St.. 
New  York.  This  separator  utilizes  centrifugal  force  to  re- 
move the  water  from  the  air.  As  the  air  and  water  enter 
it  they  pass  through  a  helical  path  formed  about  a  central 
cylinder,  resulting  in  a  swirling  motion  of  the  entire  mass. 


Stratton    Air   Separator. 

As  water  is  several  hundred  times  heavier  than  air  it  is 
thrown  out  of  the  curving  air  current,  and  against  the  walls 
of  the  separator,  which  it  meets  at  an  angle  without  any 
spatter  or  splash  and  slips  smoothly  along  until  it  reaches 
the  receiver  space  at  the  bottom.  Here  the  motion  is  re- 
tarded by  vanes  in  order  to  permit  drainage  of  the  accumu- 
lated water.  It  is  stated  that  the  resulting  separation  is 
complete,  with  practically  no  pressure  loss.  The  separator 
is  made  of  close-grained  cast  iron,  suitable  for  a  working  air 
pressure  not  in  excess  of  200  lb.  per  square  inch,  is  simple 
in  construction,  has  no  movable  parts  and  will  operate  in- 
definitelv  with  a  minimum  of  attention. 


Change  of  Working  Hours  Reduces  Rush  Period  Con- 
gestion On  Oct.  7,  an  order  issued  by  the  Health  Commis- 
sioner of  New  York  City,  changing  the  hours  of  work  for 
offices  and  business  houses  went  into  effect.  This  order 
was  issued  in  order  to  lessen  the  crowding  on  the  trans- 
portation lines  during  the  morning  and  evening  rush  hours 
on  account  of  the  prevalence  of  Spanish  Influenza.  The  re- 
sults of  the  first  four  days  under  this  order  showed  that 
in  the  morning  rush  hours  the  crowding  on  the  transporta- 
tion lines  was  not  materially  affected,  but  in  the  evening 
rush  hours  a  great  improvement  was  noted  in  that  there 
was  much  heavier  riding  between  4:  HO  and  ."j  o'clock  and  less 
congestion   between   5   and   6  o'clock. 


Contractors  to  Meet  Nov.  20  to  Form  National  Association. 
— The  temporary  executive  committee  of  contractors  formed 
last  July  at  the  Atlantic  City  convention  of  Building  In- 
dustries, has  issued  a  call  to  all  general  contractors  to  at- 
tend a  convention  at  Chicago,  .Nov.  M  and  21,  n'  which 
time  steps  will  be  taken  for  the  formation  of  a  National 
Association. 
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News  Letter 

St.  Louis  Items. 


Joe  Vorst,  St.  Genevieve,  Mo.,  wants  to  buy  a  second  hand  50 
or  60-ft.   corral  tent. 

Owen-Block  Coal  Co.,  Pattonsburg,  Ind.,  want  to  buy  or  lease 
a  stnall  steam-shovel. 

Dan  C.  Crane,  Box  411,  Spring-field,  Mo.,  can  use  a  couple 
ot   10    to    12-team  outfits. 

D.  E.  McMillan  of  the  McMillan  Contracting  Co.,  reports  their 
work  at  Delta,  Mo.,   getting  along  nicely. 

Blyth  Bros,  have  their  team  outfit  at  work  at  Union  City,  Ind., 
on  a  piece   of  the   Walsh  Const.   Co.   Job   there. 

Frank  L..  Aymond  is  doing  some  pile  driving  and  bridge  work 
for  Butler  County,  near  Poplar  Bluff,   Mo. 

The  Walsh  Construction  Co.  commissary  and  camp  at  Rock 
Island,    111.,   was   destroyed   by   fire   on    Monday,    Oct.    7th. 

L,.  J.  Smith  and  Scott  Mitchell  of  the  L.  J.  Smith  Construction 
Co.,  Kansas  City,  were  with  us  a  couple  of  days  last  week.  Noth- 
ing new. 

J.  W.  McMurray  Contracting  Co.  has  removed  its  office  from 
the  Sharp  Bldg.  to  suite  511,  Railway  Exchange  Bldg.,  Kansas 
City,   Mo. 

Cameron,  Joyce  &  Co.  sublet  their  drag  line  work  on  the 
Hunt  levee  neai'  Warsaw,  Illinois,  to  Jobst  &  Co.,  Peoria,  111. 
About  100,000  yards  in  this  job. 

Thos.  L.  Rosser,  Jr.,  has  sublet  his  steam-shovel  work  on  the 
Rock  Island  at  Trenton,  Mo.,  to  .McCullough  &  Cheney,  440 
Temple  Court,   Minneapolis,   Minn. 

Contractors  when  in  want  of  labor  or  work  for  their  outfits 
write  Koenig  Labor  Agency,  612  Walnut  St,,  St.  Louis,  Mo.,  or 
.■".OS   Delaware  St.,   Kansas  City,   Mo. 

J.  A.  Ware  has  been  busy  sowing  wheat  on  his  big  ranch  west 
ot  the  city.  J.  E.  Lyman  is  taking  care  of  his  ofllce  in  the  Boat- 
man's Bank  Bldg.    here  during  his  absence. 

Wm.  Ogle,  4700  Goodfellow  Ave..  St.  Louis,  has  5  teams,  and 
A.  Nason,  26  S.  Spring  Ave..  St.  Louis,  has  3  teams  that  they 
want   to  place  on   some  grading  in  this   neighborhood. 

Thos.  Vaughn  came  in  from  Cleveland,  Ohio,  looking  for  work 
for  his  12  teams  and  machine  outfit  which  he  says  will  be  idle 
shortly.  Vaughn's  address  is  17525  Kinsman  Road,  Cleveland, 
Ohio. 

C.  F.  Nagel  will  finish  his  rock  contract  at  La  Grange,  Mo.,  in 
a  few  days.  Nagel  will  then  have  a  cracker-jack  rock  outfit  and 
15  head  of  stock  idle.  Is  in  the  market  for  either  rock  or  dirt 
work. 

The  Cook-O'Brien  Construction  Co.,  Railway  Exchange  Bldg., 
Kansas  City,  Mo.,  has  been  awarded  second  track  work  by  the 
Burlington  R.  R.  between  Kansa.s  City  and  St.  Jo.seph,  Mo. 
They  have  some  elegant  machine  and  fresno  work  to  let  on 
this  job. 

Jas.  Burke  of  the  Burke  Bros.  Const.  Co.,  Ft.  Smith,  Ark., 
passed  tlirough  St.  Louis  the  other  day  on  his  way  south.  They 
were  awarded  .30  miles  of  work  on  the  Louisiana  &  Arkansas 
state  highway  in  -A-shley  County,  .\rk.  Expect  to  begin  work 
immediately. 

John  Reynolds,  one  of  the  few  good  old  timers,  made  his  ap- 
pearance in  St.  Louis  the  other  day.  Is  going  to  stay  here  for  a 
while.  Says  he  has  been  living  quietly  on  a  farm  near  Boone- 
ville.  Mo.,  but  is  going  to  get  back  in  the  contracting  business 
again.  Hard  to  keep  these  old  fellows  out  of  the  game,  especially 
when  they  put  in  as  many  years  in  it  as  John  Reynolds  has. 
We  also  wish  to  state  that  his  brother,  Ben  Reynolds,  whom 
nuite  a  few  people  thought  dead,   is  still   in   the  land  of  living. 

A.  B.  KOENIG. 


ganizing,  financing  and  operating  public  utility  companies  in 
Connecticut  and  Mjassachusetts.  Later  he  constructed  the  South 
Carolina  Western,   now  a  part  of  the  Seaboard  Air  Line. 

B.  Powell  Harrison,  for  the  last  7  years  assistant  chief  en- 
gineer of  the  State  Roads  Conmiission  of  Maryland,  has  been 
appointed  Harbor  Engineer  and  president  of  the  Harbor  Board 
of  Baltimore,  Md.,  to  succeed  Commander  H.  Kent  McCay,  who 
resigned  some  time  ago  to  enter  the  navy.  In  addition  to  being 
Harbor  Engineei",  Mr.  Harrison  will  be  a  member  of  the  Annex 
Planning  Commission.  Mr.  Harrison  was  born  in  Virginia  43 
years  ago,  and  since  his  graduation  from  the  Virginia  Jlilitary 
Institute  in  1896  has  had  wide  experience  in  engineering  work. 

F.  G.  Jonah,  former  chief  engineer  of  the  Fi-isco  Railroad  sys- 
tem and  now  in  France  with  the  Twelfth  Engineers,  has  been 
promoted  to  lieutenant  colonel.  Col.  Jonah  was  commissioned  as 
a  major  in  the  Officers'  Reserve  Corps  before  America  entered 
the  war  and  was  ordered  to  report  for  duty  with  the  Twelfth 
Engineers,  which  was  recruited  principally  from  the  railroad 
men  of  St.  Louis  and  the  Illinois  side.  He  took  an  active  part 
in  getting  this  organization  of  railroad  men  equipped  and  with 
them  left  for  England  July  28,  1917.  Last  March  Col.  Jonah  was 
detached  from  his  regiment  and  given  a  general  command  of 
French  railroad  maintenance. 


Personals 

E.  G.  Lane  has  been  appointed  chief  engineer  of  the  Baltimore 
&  Ohio  R.  R.,  western  lines. 

Henry  C.  Westover  of  St.  Joseph,  Mo.,  has  been  commissioned 
Captain  in  the  U.   S.  Engineer  Corps. 

Fielder  Furlow,  District  Engineer  of  the  Southern  Ry.,  has 
been  commissioned   Captain   in  the   U.    S.   Engineers. 

A.  H.  Freygang  has  been  appointed  assistant  to  engineer  main- 
tenance of  way  of  the  Baltimore  &   Ohio,  Western  lines. 

Lt.  Col.  Henry  M.  Waite.  formerly  city  manager  of  Dayton, 
O.,  and  now  in  war  railway  transportation  service  in  France,  has 
been  promoted  to  the  rank  of  Colonel. 

Carl  Horneman,  for  several  years  engaged  on  engineering 
works  for  a  railway  near  Burley,  Idaho,  has  been  commissioned 
first  lieutenant  in   the  engineers  reserve   corps. 

Matthew  C.  Bush  has  resigned  as  President  of  the  Boston 
Elevated  R.  R.  Co.,  Boston,  Mass.,  to  accept  the  position  of 
vice-president  of  the   American   International  Corporation. 

J.  H,  Redding,  division  engineer  of  the  West  Jersey  and  Sea- 
shore, has  been  transfen-ed  to  the  Middle  Division  of  the  Penn- 
sylvania R.  R.,  with  headquarters  at  Altoona,  Pa.  He  is  succeeded 
by  W.    E.    Brown,    of    Elmira,    N.    Y. 

Maj.-Gen.  George  W.  Goethals  has  been  made  a  member  of 
the  war  industries  board.  As  director  of  the  division  of  pur- 
chase, storage  and  traffic  of  the  quartermaster  corps.  Gen. 
Goethals  works  in  frequent  contact  with  the  board  and  his  in- 
clusion in  its  membership,   it   is  believed,   will   be  an   advantage. 

John  C.  Wrenshall,  Jr.,  division  engineer  of  the  Reading  di- 
vision of  the  Philadelphia  &  Reading  Ry.,  has  been  transferred 
to  the  New  York  division,  with  headquarters  at  Philadelphia.  He 
will  be  succeeded  by  W.  D.  Kinzie  of  the  Shamokin  division, 
Tamaqua.  John  S.  Goodman  of  Harrisburg  takes  Mr.  Kinzie's 
place,  and  N.  W.  Schaeffer,  supervisor  at  Lebanon,  is  appointed 
division  engineer  at  Harrisburg. 

C.  E.  Haygood,  manager  of  the  railway  department  of  the 
Manila  Electric  Railroad  and  Light  Company  of  Manila.  Philip- 
pine Islands,  is  visiting  the  United  States  on  a  vacation  and 
for  the  purpose  of  consulting  with  the  officers  of  the  J.  G.  White 
Management  Corporation,  New  York,  N.  Y..  the  operating  man- 
agers of  the  Manila  Company.  He  expects  to  return  to  the 
Philippines  some   time  before   the  first  of  the  year. 

R.  S.  'Warner,  a  banker  of  Boston,  Mass.,  has  been  elected 
vice-president  of  the  United  Rys.  Co.,  of  St.  Louis,  Mo.  Mr. 
Warner  was  born  in  Kansas  City  in  1869  and  was  graduated  as 
a  mechanical  engineer  from  Cornell  University  in  1892,  He 
served  14  years  with  the  Westinghouse  Electric  Co.,  then  en- 
tered the  street  railway  businpss  and   devoted   much  time  to  or- 


Obituaries 

Theodore  Steckel,  a  contractor  of  AUentown,  Pa.,  died  Oct.  4, 
aged  74. 

Julius  L.  Jacobs,  a  construction  manager  for  James  Stewart 
&  Co..  died  Oct.  2  at  Norfolk,  Va. 

Harry  H.  Latham,  President  of  the  Latham  Machinery  Co.. 
Chicago,  died  Oct.  9,  aged  59.  He  was  a  graduate  of  North- 
western university. 

Captain  N.  Simonson,  President  of  the  American  Construction 
Co.,  Cleveland,  O.,  and  Perry  A.  Clapper,  Secretary  and  Treasurer 
of  the  Company,  died  recently.  Captain  Simonson  and  Mr. 
Clapper  while  returning  from  a  business  trip  to  Lakeside,  on 
.Sept.  26th,  suffered  a  serious  automobile  accident  resulting  in 
Mr.  Clapper's  death  on  Sept.  27  and  in  Captain  Simonson's  death 
on   Oct.    3. 

Prof.  William  Leslie  Hooper,  for  nearly  40  years  a  member  of 
the  faculty  of  the  Tufts  College,  died  Oct.  3  of  heart  failure,  after 
an  illness  of  a  i^ew  hours.  Piof.  Hooper  was  an  electrical  en- 
gineer of  National  reputation.  He  was  active  in  the  electrical  de- 
velopment nf  the  old  W^est  End  Railway  in  Boston  and  was  con- 
sulting engineer   lor   a   number  of   traction    systems. 

James  H.  Harlow,  a  faririer  and  business  man  of  Havre  de 
Grace.  IMd..  died  Oct.  6,  aged  72.  He  was  a  graduate  of  the 
Boston  School  of  Technology,  and  was  interested  in  many  public 
utility  companies,  being  treasurer  of  the  Havre  de  Grace  Electric 
Co.,  director  of  the  Baltimore  Country  Water  Co.,  and  director  of 
the  Martinsburg  (W,  Va.)  Power  Co.  He  was  also  largely  inter- 
ested in  the  Susquehanna  Power  Co. 

Alfred  N.  Bullitt,  a  well  known  construction  engineer,  of 
Memphis,  Tenn.,  died  Oct.  S.  He  was  assistant  chief  engineer  of 
constmction  for  the  Frisco  Ry.  from  1894  to  1904,  and  was  chief 
engineer  of  the  Jackson  &  Kansas  City  Ry.,  Gulf  &  Chicago  Ry., 
and  the  Virginia-Carolina  Coast  Ry.  for  a  number  of  years.  At 
the  time  of  his  death  he  was  just  completing  a  21-mile  macadam 
highway  through  Tallahatchie  County,  Miss. 

John  C.  Robinson,  one  of  the  contractors  active  in  rebuilding 
Chicago  after  the  great  fire  of  1S71,  who  was  aftem'ards  engaged 
in  much  of  the  largest  construction  in  the  United  States,  died 
Oct.  12  in  Santa  Fe,  N'.  M.  He  had  been  living  in  the  southwest 
for  three  years  in  an  effort  to  regain  his  health.  Among  his 
larger  contracts  which  gave  him  fame  were  the  building  of  the 
Hyde  Park  water  tunnel  and  the  Lake  View  waterworks,  Chi- 
cago, the  Chicago  public  library,  St.  .Agatha's  church,  the  St. 
Louis  cathedral,  the  Kansas  City  postolfflce,  the  New  York  cus- 
toms house,   and   the   Columbus  Memorial,    Washington,    D.    C. 

John  Hov/e  Peyton,  President  of  the  Chattanooga  &  St.  Louis 
Ry. ,  whose  death  was  briefly  mentioned  in  our  Sept.  25  issue, 
was  horn  in  Howard  County,  Mo.,  in  1864.  He  was  educated  at 
Roanoke  College.  Salem,  Va.,  graduating  in  1881.  Shortly  after 
completing  his  courses  at  college,  he  entered  the  railroad  business 
as  rodman  on  the  Richmond  &  Louisville  R.  R.,  and  later  served 
in  the  same  capacity  with  the  Richmond  &  Danville  R.  R  From 
188"  to  18SS  he  was  resident  engineer  for  the  Lynchburg  & 
Durham  R.  R.,  following  a  brief  period  of  service  as  Instrument 
man  with  the  Tennessee  Midland  railroad  and  the  Farmersville  & 
Po%vhatan  R.  R.  He  also  served  with  the  Georgia,  Carolina  & 
Northern  Rv.  and  became  assistant  to  the  chief  engineer  of  the 
Charleston,  Clendenning  &  Sutton  R.  R.  When  the  Spanish- 
American  war  broke  out,  Mr.  Peyton  joined  the  army  and 
served  in  the  Philippines  as  sergeant  in  the  engineering  corps. 
In  1901  he  severed  his  connection  with  the  C.  &  O.  Ry.  as  resi- 
dent engineer  to  become  chief  engineer  of  the  Great  Eastern  R.  R. 
In  1902  he  went  with  the  Louisville  &  Nashville  R.  R.  as  locat- 
ing engineer.  Mr.  Peyton  had  charge  of  the  laying  out  of  the 
work  on  the  Ridgetop  revision  Avhich  included  the  tunneling  of 
Baker's  Hill,  one  of  the  most  difficult  of  railroad  tasks  by  reason 
of  the  fact  that  the  work  had  to  be  done  through  solid  rock  for  a 
stretch  of  track  almost  a  mile  in  length.  He  was  also  in  charge 
of  file  construction  of  the  .\tlanta  division  of  the  Louisville  & 
Nashville.  In  1904  he  was  made  principal  locating  engineer  for 
the  L.  &  N.  and  served  as  consulting  engineer  for  the  North 
Coast  R.  R.  From  1909  to  1914,  Mr.  Peyton  served  as  assistant  to 
Milton  H.  Smith,  president  Louisville  &  Na.shville  R.  R.  this 
time.  Mr.  Peyton  had  charge  of  the  building  of  the  Lewisburg 
&  Northern  R.  R.  Early  in  1914  he  was  elected  president  of  the 
Nashville,   Chattanooga   &   St.    Louis   Ry. 
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Industrial  Notes 

The  Chicago  Pneumatic  Tool  Company  announces  the  appoint- 
ment of  A.  G.  La  Pierre  as  Traffic  Manager  and  F.  O.  South- 
brook  as  Manager.  Order  and  Production  Department.  Their 
headquarters  will  be  in  the  home  office  of  the  company,  Fisher 
Buildmg,   Chicago. 

On  Oct.  7th  and  8th  the  30  sales  engineers  and  representatives 
of  the  John  F.  Byers  Machine  Co.,  manufacturers  of  the  Byers 
auto-crane,  were  called  to  Ravenna,  O.,  from  all  sections  of  the 
country,  for  consideration  and  solution  of  War  Time  problems 
in  connection  with  the  distril>ution  of  the  auto-crane.  The  joint 
sales  conference  and  convention  ended  with  motor  trip  to  Cleve- 
land  and   banquet  at   the  Statler  Hotel,    Oct.   8th. 
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How  Can  Competition  in  Bridge 
Designing  Be  Revived? 

Highway  departments  as  well  as  railway  companies  are 
often  in  doubt  whether  to  do  their  own  designing  of  steel 
bridges  or  to  ask  bridge  companies  to  submit  competitive 
designs,  for  each  method  has  certain  economic  advantages 
and  disadvantages.  Under  competitive  designing,  wliere 
the  contract  price  is  a  lump  sum,  each  bridge  company  is 
forced  to  use  its  wits  to  the  utmost;  and  while  this  has 
often  been  the  means  of  securing  very  economic  designs. 
It  has  also  frequently  resulted  in  unsafe  designs.  More- 
over it  usually  leads  to  an  excessive  duplication  of  engi- 
neering effort  that  is  a^ays  expensive — often  very  ex- 
pensive. 

Competitive  designing  has  all  but  disappeared  in  the 
railway  field,  and  is  fast  disappearing  in  the  highway  field. 
.Nevertheless  it  should  never  be  forgotten  that  competition 
is  a  very  effective  means  of  making  men  use  their  brains 
to  the  utmost.  Even  if  there  is  nqt  competition  among 
bridge  companies  In  the  designing  of  bridges,  it  may  still 
be  preserved  among  the  engineers  employed  by  highway 
departments  and  railways.  And  we  are  Inclined  to  believe 
that  competition  should  be  preserved,  at  least  in  a  measure. 

At  one  time  the  editor  was  engaged  In  designing  and 
building  highway  bridges.  He  was  occupied  in  this  man- 
ner long  enough  to  learn  that  even  In  a  field  where  stand- 
ardization has  been  carried  out  to  a  high  degree,  there  is 
still  left  ample  opportunity  for  the  exercise  of  Judgment 
and  ingenuity.  He  also  saw  that  competitive  designing 
served  belter  than  any  other  means  to  making  designing 
engineers  use  their  wits. 

Now  that  every  state  has  a  highway  department,  would 
it  not  be  feasible  and  profitalile  lo  revive  competitive  bridge 
designing?  Could  not  the  structural  engineers  of  differ- 
ent state  highway  departments  meet  periodically  and  sub- 
mit their  standard  designs  to  a  board  of  consulting  struc- 
tural  engineers  for  criticism? 

If    this    were    done    and    if    handsome    cash    prizes    were 


periodically  awarded  for  the  best  general  designs,  and 
smaller  cash  prizes  for  Improvements  in  details,  there  is 
little  doubt  that  marked  improvements  in  highway  bridge 
designing  would  result.  Similarly  the  engineers  of  the 
bridge  departments  of  railways  could  compete  periodically 
for  cash  prizes. 

In  designing  large,  or  otherwise  special  highway  bridges, 
there  is  also  need  of  competition  if  the  most  economic  re- 
sults are  to  be  insured.  Here,  again,  engineers  from  dif- 
ferent state  highway  departments  might  well  compete  for 
cash  awards. 

Between  the  extremes  of  limitless  competition  and  no 
competition  whatever,  some  "happy  mean"  can  usually  be 
devised.  The  cut-throat  competition  of  bridge  companies 
or  designers  of  the  bridges  that  they  purposed  building 
was  responsible  for  many  evils.  But  the  entire  absence 
of  competition  in  bridge  designing  is  unquestionably  re- 
sponsible for  many  other  evils,  not  the  least  of  which  is 
crass   imitation. 


The  Leadership  of  Civil  Engineers 
and  Contractors  in  War  Work 

That  unprepared  .America  has  been  able  to  send  2.000,- 
000  soldiers  to  France  within  a  year  and  a  half  after  she 
entered  the  war  will  stand  forever  as  one  of  the  most  re- 
markable achievements  In  military  history,  .\niong  the 
factors  that  contributed  to  this  achievement  none  outrank 
the  civil  engineers  and  the  contractors  of  the  civil  engi- 
neering fleld.  It  was  they  who  designed  and  built  can- 
tonments to  house  1,500,000  men,  and  did  it  in  three 
months.  It  was  they  who  cast  aside  precedents  In  ship 
designing  and  building,  and  produced  the  fabricated  steel 
ship,  the  great  concrete  ship,  and  the  new  wooden  ship 
of  unprecedented  size.  It  was  they  who  designed  and  built 
the  vast  warehouses  and  docks  in  .America  and  France — 
marvels  of  almost  overnight  construction.  It  was  they  who 
built  a  vast  railway  system  in  France  and  had  It  ready  for 


(89) 


376 


ENGINEERING    AND     CONTRACTING 


Vol.  50,  No.  17. 


Pershing's  army  before  that  army  was  ready  to  strike  its 
first  great  blow  last  summer. 

Why  was  it  that  architects  and  architectural  contractors 
did  not  leap  to  the  front  and  build  the  cantonments  and 
warehouses?  Why  was  it  that  naval  engineers  and  ship- 
builders did  not  show  the  initiative  and  boldness  of  the 
civil  engineers  who  designed  and  the  bridge  builders  and 
contractors  who  built  these  new  ships?  If  the  answer  to 
these  questions  is  found,  in  that  answer  will  lie  a  secret 
that  others  will  do  well  to  study. 

American  civil  engineers  and  their  associated  contrac- 
tors have,  for  80  years  or  more,  been  pioneers.  Thrown 
upon  their  own  resources,  working  in  a  new  country  where 
both  men  and  money  were  scarce,  these  leaders  in  the 
civil  engineering  world  have  learned  "how  to  do  that  well 
with  one  dollar  which  any  bungler  can  do  with  two  after 
a  fashion."  to  quote  the  late  A.  M.  Wellington.  American 
pioneer  spirit  has  been  the  secret  of  American  progress 
from  the  beginning.  It  permeates  almost  every  class  of 
Americans,  but  we  believe  that  in  no  class  has  this  spirit 
been  more  active  than  the  class  of  which  our  readers  form 
a  part.  The  very  outdoor  life  that  so  many  of  us  lead  in 
our  battles  with  nature  is  a  life  that  keeps  aglow  the  spirit 
©f  pioneering.  Our  daily  struggles  to  meet  the  changing 
weather  conditions,  to  forestall  the  effects  of  floods  and 
snows,  have  made  us  resourceful. 

Taine,  in  his  great  work  on  English  Literature,  describes 
the  effect  of  rigorous  climate  upon  the  character,  and  so 
upon  the  literature,  of  the  Anglo-Saxon  races.  In  his  So- 
ciology, Herbert  Spencer  repeatedly  points  out  the  effect 
of  climate  upon  mental  and  moral  development.  Fighting 
difficulties  is  the  e.xercise  that  develops  mental  power,  even 
as  battling  with  the  breakers  makes  the  Hawaaians  the 
greatest  of  swimmers.  No  class  of  men  in  American  has 
been  accustomed  constantly  to  encounter  greater  difficul- 
ties than  the  designers  and  builders  of  our  roads  and  rail- 
ways, our  dams  and  bridges,  and  all  the  countless  struc- 
tures that  are  embraced  under  the  general  title  of  "civil 
engineering  works."  The  training  thus  secured,  while 
often  bitterly  harsh,  has  made  real  men  of  us;  so  when 
new  difficulties  suddenly  confronted  the  nation,  we  were 
not  merely  among  the  first  to  assume  our  share  of  the 
burdens.  We  rushed  into  other  fields  and  took  upon  our- 
selves the  burdens  that  might  properly  be  regarded  as  be- 
longing  to   other  classes   of   men. 


Should  Not  All  the  Merchant  Ships 

of  the  World  Be  Owned  and 

Operated   Jointly   by 

All  the  Nations? 

When  the  world  war  began  the  total  dead-weight  ton- 
nage of  merchant  ships  under  all  flags  was  49,000,000  tons. 
Up  to  Sept.,  1918,  about  30  per  cent  of  this  tonnage  had 
been  destroyed,  but  new  ships  amounting  to  20  per  cent 
had  been  built,  leaving  a  net  decrease  of  10  per  cent,  or 
less  than  5,000.000  tons.  Had  the  war  not  occurred  the 
tonnage  would  have  increased  about  20  per  cent  or  5  per 
cent  per  annum.  Hence  it  has  been  estimated  that  the 
world  now  lacks  about  30  per  cent  of  49.000,000.  or  nearly 
15,000,000  tons.  However,  any  such  conclusion  is  fallacious, 
for  several  reasons. 

The  normal  increase  in  population  has  not  been  main- 
tained during  the  war,  and  there  has  been  an  abnormal  set- 
back in  the  development  of  international  trade.  Moreover, 
the  shortage  in  shipping  has  so  greatly  sharpened  the  wits 
of  men  that  the  average  round-trip  time  or  "turnabout" 
has  been  greatly  reduced.  In  fact  it  is  estimated  that  the 
ton-mile  efficiency  per  annum  of  the  world's  merchant  ships 
has  been  increased  fully  25  per  cent  since  the  war  began. 
On  that  basis  there  will  certainly  be  no  shortage  of  ships 
within  six  months  after  the  war  ends,  and  there  will  prob- 
ably be  a  decided  surplus. 

It  is  important  to  reason  correctly  in  this  matter,  for 
America  is  engaged  in  building  ships  on  a  scale  never 
dreamed  of  before.  If  our  present  program  is  carried  out 
we   shall   build   more   than    13,000.000   tons   of  ships,   w-hich 


alone  will  add  more  than  25  per  cent  to  the  world's  ton- 
nage. Great  Britain  is  also  building  ships  more  rapidly 
than  in  normal  times. 

As  soon  as  the  war  ends  Germany  will  doubtless  en- 
gage in  shipbuilding  on  a  large  scale.  Japan  has  been  rap- 
idly increasing  her  output  of  vessels,  and  many  other  coun- 
tries will  do  the  same.  In  short,  the  nations  of  the  world 
are  apparently  about  to  engage  in  competitive  shipping  op- 
erations on  a  scale  that  bids  fair  to  double  the  total  ton- 
mileage  capacity  of  the  existing  vessels  within  a  very  few 
years.  Unless  international  trade  also  doubles  within  the 
same  time  there  will  be  so  great  an  excess  of  ships  that 
heavy  annual  deficits  will  come  to  all  from  the  operation 
of  ocean  freight  carriers. 

The  financial  panic  of  1873  was  largely  due  to  the  build- 
ing of  railways  in  excess  of  immediate  requirements. 
While  no  such  panic  can  occur  through  excessive  shipbuild- 
ing, at  least  under  Government  ownership,  still  it  seems 
clear  that  steps  should  be  taken  to  avoid  the  great  waste 
that  is  about  to  occur  through  duplication  of  shipping  fa- 
cilities. Government  operation  of  ocean  transportation 
systems  has  come,  and  apparently  it  has  come  to  stay.  The 
economic  question  then  reduces  itself  to  this:  Is  duplica- 
tion of  ocean  transportation  facilities  necessary  because  of 
the  competition  of  nations  in  the  markets  of  the  world, 
or  can  this  duplication  be  avoided  by  an  international  pool- 
ing of  all  shipping  facilities? 

If.  as  now  seems  certain,  the  allies  of  America  in  the 
war  will  join  America  in  policing  the  seas  and  in  secur- 
ing the  freedom  of  the  ocean  highways,  why  should  the 
next  logical  step  not  be  taken  at  once?  Why  should  the 
allied  nations  wait  to  be  taught  again  the  bitter  lesson 
that  it  does  not  pay  anyone,  in  the  long  run,  to  duplicate 
a  transportation  plant  that  is  already  adequate?  Railway 
competition  is  gone  never  to  return  on  a  large  scale,  if 
at  all.  Shall  the  nations  of  the  world  now  enter  upon  an 
era  of  cutthroat  shipping  competition?  Or  shall  they  form 
a  joint  stock  company  and  operate  the  entire  shipping  plant 
of  the  world  for  the  common  benefit  of  mankind? 


One  Necessity  That  Annually 

Costs  Each  Family  No  More 

Than  It  Did  a  Century  Ago, 

Yet  of  Which  Twenty 

Fold  Is  Used 

Of  all  the  necessHies  of  life  there  is  probably  but  one 
that  annually  costs  each  household  no  more  today  than  it 
did  a  century  ago.  That  necessity  is  light.  According  to 
Dr.  Walton  Clark,  president  of  ^e  Franklin  Institute,  the 
average  American  family  in  1815  used  sperm  oil  and  tallow 
candles  that  cost  $22  a  year.  This  $22  purchased  25  candle- 
power-hours  per  night,  or  9,000  cp.  hr.  per  annum,  from  1815 
to  1855.  Then  came  kerosene,  which  at  that  time  was  two- 
thirds  as  expensive  per  candle-power  as  tallow  candles. 
However,  instead  of  reducing  the  annual  outlay  for  light, 
the  average  family  cTmtinued  to  expend  about  $22  a  year 
for  which  was  secured  some  13,500  cp.  hrs. 

During  the  decade  of  1865  to  1875  the  tallow  candle  was 
completely  displaced  by  the  improved  kerosene  lamp  and 
illuminating  gas;  and  the  average  annual  cost  for  lighting 
each  house  was  about  $24.  Gas  then  sold  at  $2.50  per  1.000 
cu.  ft.,  and  the  family  that  used  gas  entirely  spent  about 
$34  a  year. 

From  1S75  to  1885  kerosene  was  reduced  to  22  ct.  per 
gallon,  and  gas  to  $2  per  1,000  cu.  ft.  The  average  family 
spent  $30  a  year  and  secured  76.000  cp.  hrs.  During  the 
next  decade  the  price  of  kerosene  dropped  to  13  ct.  per  gal- 
lon, and  gas  went  down  to  $1.50;  but  with  this  reduction 
of  40%  in  prices  came  a  reduction  of  only  17'~c  in  the 
annual  expenditure  for  lighting,  the  average  yearly  cost 
then  being  $25  per  household. 

Between  1895  and  1S05  kerosene  had  practically  disap- 
peared in  city  houses,  for  gas  had  not  only  fallen  to  $1 
per   1,000   cu.   ft.   in    the   larger  cities,   but   electric   current 
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had  fallen  to  10  ct  |ier  kilowatt  hour.  I'sInK  electricity  at 
this  price,  and  with  "carbon  fllaiiient  lampM."  the  averaKO 
family  secured  50.01)0  eandle-power-liours  yearly  for  which 
wu.s  paid  $-5. 

DiiriiiK  the  next  decade  (Ilt0.'>-l!tl5)  an  astonishine  ad- 
vance occurred  In  the  science  of  economic  illumination, 
both  with  gas  and  eleclricity.  The  Welsbach  incandescent 
gas  burner,  which  had  been  Invented  In  1SS7.  was  enor- 
mously Improved,  and  coincidentully  the  niuzda  or  "tunRS- 
ten   lUament"  Incandescent   electric   lamp   was   developed. 

Today,  with  gas  at  $1,  a  thrifty  family  can  secure  200.000 
candU'-powor  of  gas  light  for  jlTi  a  year;  and  a  similar 
family,  using  electricity  at  10  ct.,  can  secure  125,000  op.  hr. 
of  electric  light  for  $1S  a  year. 

Supplementing  the  foregoing  figures  of  Dr.  Clark,  the 
editor  is  able  to  say  that  his  appraisals  of  electric  plants 
and  studies  of  electric  rates  In  many  cities,  have  shown 
that  the  average  family  using  electricity  spends  about  $2 
a  month  or  $24  a  year  for  light.  The  |:'4  ^rdinarlly  buys 
2-10  kilowatt-hours;  and,  using  mazda  lamps,  each  kilowatt 
produces  about  1.000  candle-power,  so  that  the  240  kilowatt- 
hours  generate  240.000  candle-power  hours.  The  average 
useful  life  of  a  mazda  lamp  Is  1,000  hours  of  steady  burn- 
ing or  about  a  year  at  3  hours  a  day,  and  adding  the  cost 
of  the  lamps  (4  yearly  I  to  the  cost  of  the  electric  current 
($20  yearly)  enables  a  family  annually  to  buy  200,000  candle- 
power  hours  for  $24. 

We  thus  come  to  two  astonishing  facts;  First,  that  dur- 
ing the  last  100  years,  the  average  American  family  has 
not  departed  widely  from  an  expenditure  of  $L'4  a  year  for 
light.  Second,  that  the  family  of  today,  although  spending 
almost  the  same  sum  annually  for  illumination  as  was 
spent  by  the  family  of  a  century  ago,  secures  more  than 
20  times  as  much  light:  This  astonishing  result  is  due 
entirely  to  .\nierican  inventors,  engineers  and  business 
men.  So  when  labor  fanatics  cry,  "Labor  produces  all  and 
is  entitled  to  all,"  one  may  well  ask  for  a  definition  of 
"labor."  If  they  include  the  brain  work  of  engineers,  in- 
ventors and  business  managers,  well  and  good.  If  they 
exclude  that  kind  of  labor— and  most  of  them  clearly  do — 
let  them  be  confronted  with  such  facts  as  these  relating  to 
great  Increases  in  human  productivity  that  are  attributable 
sclelv  to  brain  work. 


Another  Shipbuilding  Record 
Broken 

The  launching  of  a  steel  ship  201  ft.  long,  overall,  within 
14  days  after  the  keel  was  laid,  establishes  a  world's  rec- 
ord. This  boat,  the  "Crawl  Keys,"  was  buift  at  Ecorse, 
Mich.,  by  the  Great  Lakes  Engineering  Works.  Its  beam 
Is  43'^  ft.  and  its  depth  is  22»^  ft.  The  dimensions  indi- 
cate a  dead-weight  tonnage  of  S.OOO.  The  hull  was  93  per 
cent  completed  on  the  day  of  launching,  and  15  days  later 
the  vessel  steamed  away  fully  completed  and  ready  for 
service.  She  bore  this  sign;  "I  am  29  days  old — Look 
me  over."  To  make  a  remarkable  achievement  still  more 
remarkable,  she  was  not  a  "fabricated  ship"  and  was  built 
entirely  by  the  company  that  launched  her. 

Yes.  we  are  looking  you  over  In  the  pictures  we  see  of 
you,  but  especially  should  we  like  to  look  over  the  m§n 
who   built,   launched   and   equipped   you    in    29   days. 


Effective   Advertisini^    by  a  Firm 
of  Engineers  and    Builders 

"The  .Austin  Company.  Industrial  ICngineers,  and  Build- 
ers, Cleveland,  Ohio.  '  Is  an  address  that  some  of  our  read- 
ers have  doubtless  seen  In  advertisements  In  the  general 
magazines.  How  many  readers  have  asked  Ihemselvos 
whether  those  advertisements  might  not  contain  a  lesson 
for  them?  Here  Is  a  structural  engineering  firm  that  is 
doing  things,  and  Is  telling  the  public  about  Its  doings. 
Recently  it  erected  a  factory  building  of  58,000  sq.  ft.  In 
30  days,  and  the  fact  was  given  wide  publicity.     They  told 


why  the  National  Cash  Register  Co.  ordered  this  "Austin 
Standard  No.  3"  factory  building  and  gave  out  data  as  to 
its  design.  In  one  advertisement  they  say;  "In  22  work- 
ing days  from  date  of  order  The  Uayton-Wrlght  Airplane 
Co.,  Dayton,  Ohio,  moved  Into  Its  fourth  Austin  liuilding 
within  the  year."  In  the  same  advertisement  It  Is  added 
that  the  Austin  record  Is  120,000  sq.  ft.  on  one  Job  In  30 
working  ilays,  and  .")40,000  sq.  ft.  on  the  same  Job  In  55 
calendar  days. 

This  Is  a  firm  of  engineers  and  contractors  that  believes 
not  merely  In  doing  its  work  with  great  expedition,  but 
In  telling  the  world  about  It.  It  is  one  of  the  few  contract- 
ing firms  at  present  using  general  publicity  methods.  But 
we  predict  that  Its  success  will  stimulate  many  another 
similar  organization  to  adopt  modern  merchandising  meth- 
ods. Although  It  may  sound  queer  to  call  the  sale  of  en- 
gineering services,  or  the  sales  of  engineering  structures, 
an  act   of  merchandising,  nevertheless  it  is   precisely  that. 


Unionization  of  Engineers 

To  the  Editor;  I  read  with  unusual  Interest  the  article 
relating  to  the  organization  of  engineers  into  a  union, 
which  appeared  in  the  Issue  of  Engineering  and  Contract- 
ing of  Sept.  25.  I  have  noticed  that  the  force  of  articles 
on  this  subject  is  gradually  Increasing,  and  1  think  that 
the  time  is  not  far  dii'tant  when  the  engineers  will  be  or- 
ganized into  a  union  which  will  bring  about  a  marked  in- 
crease in  salary.  It  Is  absolutely  necessary  that  something 
be  done  whereby  the  engineer's  salary  will  more  nearly 
keep  pace  with  his  living  expenses. 

Many  good  engineers  have  already  gone  into  other  lines 
of  business  and  others  are  following  as  rapidly  as  oppor- 
tunities present  themselves.  One  reason  why  a  great  many 
more  do  not  give  up  engineering  for  other  lines  of  work  is 
because  they  are  past  the  age  where  it  is  easy  to  make  a 
successful  change.  Others  feel  that  they  have  already 
spent  considerable  money  for  a  technical  education  and 
have  put  some  of  the  best  years  of  their  lives  into  engi- 
neering, and  are  reluctant  to  give  it  up.  Possibly  the  sal- 
ary which  many  good  engineers  get  is  not  sufficient  to  en- 
able them  to  save  any  money,  and  they  feel  that  they 
cannot  support  a  family  at  a  lower  salary  while  getting 
started   in   some   other   work. 

About  three  years  ago  I  wrote  an  article  on  the  organ- 
ization of  engineers  and  sent  it  to  Engineering  and  Con- 
tracting, but  it  was  "turned  down."  Possibly  1  should  not 
appear  to  give  the  impression  that  I  was  the  only  one 
thinking  along  these  lines  three  years  ago.  because  1  be- 
lieve that  there  were  many  who  thought  the  same  way,  but 
hesitated  to  offer  any  remedy.  The  article  on  this  subject 
last  week  was  well  written,  and  no  doubt  would  have  been 
published   had   it   been   presented   three  years   ago. 

1  am  glad  that  the  subject  Is  being  so  strongly  agitated, 
and  I  hope  that  some  one  will  have  the  executive  ability 
to  successfully  organize  a  union  among  the  engineers  of 
this  country.  Companies  who  employ  engineers,  almost 
without  exception,  know  their  value,  and  would  be  se- 
riously concerned  if  they  could  not  get  an  engineer  when 
he  Is  needed.  It  Is  largely  the  fault  of  the  engineer  that 
he  is  not  paid  a  better  salary,  and  so  long  as  he  continues 
10  underbid  his  fellow  engineer,  he  will  have  to  suffer  for 
it.  When  the  engineer  discontinues  this  practice,  com- 
panies will  pay  him  more  nearly  what  he  is  worth,  be- 
cause they  must  have  him  to  run  their  business.  I  be- 
lieve a  union  will  educate  the  engineer  so  that  he  will 
be  Just  to  his  fellow  engineer.  No  true  engineer  believes 
In  violence  to  curry  his  point,  but  the  right  kind  of  an  or- 
ganization will  not  resort  to  this  method  and  will  do  more 
toward  raising  the  standard  of  salaries  than  organizations 
who  use  the  methods  of  violence.  He  must  be  fair  to  fel- 
low engineers  In  order  to  succeed.  It  Is  the  duty  of  the 
engineer  to  provide  a  decent  living  for  his  family.  It  Is 
almost  impossible  to  do  either  under  present  conditions, 
and  It  appears  to  me  that  organization  will  solve  the  prob- 
lem more  nearly  as  it  should  be  solved. 

Minneapolis,    Minn.  J.    C.    WORRELU 
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A  Study  of  Drafting  Room  Errors 

By  R.  FLEMING. 
.\nieiicaii  Bridge  Co..  Xew  Yoi  k  City. 
The  most  expensive  errors  in  structural  steel  work  are 
those  which  must  be  corrected  during  erection.  In  addi- 
tion to  the  costs  of  correction  there  is  often  a  disarrange- 
ment of  program  and  the  holding  up  of  other  work  until 
the   change   is   effected. 

Drafting  errors  occurring  most  frequently  and  which 
may  be  classed  as  "typical"  are:  coping  omitted,  insuflicient 
clearances,  right  and  left  neglected,  beams  fouling  rivet 
heads,  and  field  holes  not  matching.  From  reports  of  935 
corrections  made  in  the  field  there  are  taken  the  follow- 
ing: 

Bevel   shown   wrong   way. 
Holes    staggered    wrong. 

Columns   had   holes   for   knee   braces   31/2   in.   gage,   while 
in   knees   they   were   3%   in.   gage. 
Rivets   countersunk   on   wrong   side. 
Rivets  not  countersunk. 

Marks  were  wrong.  (It  took  a  locomotive  crane  U!  hours 
to  redistribute.) 

Girders  were  not  coped  to  clear  stiffeners.  (Erection 
was  tied  up  while  coping  was  done.  I 

Angles   should   have    been    right    and    left. 
Column  made  wrong  hand. 
Girders  should  have  been  made  in  pairs. 
Holes   in  girders   made  opposite  hand   when   they   should 
not   have  been. 

Bottom  flange  of  beams  fouled  heads  of  rivets  in  girders. 
Beams   could  not  be  set  in   place  on  account  of  project- 
ing rivet  heads. 

Lug  on  columns  at  5  floors  projected  through  the  fire- 
proofing.     (Had  to  be  burned  off  with  flame.) 

Suflicient    clearance    not   allowed   for   overrun    of   angles. 
Rivets   could   not   be   driven   in   flanges   of  girders  on  ac- 
count  of  stiffening  angles. 
Beams  not   coped  back  far  enough. 

A  second  class  of  errors  may  be  termed  "sporadic." 
These  happen  in  unexpected  places  and  can  not  well  be 
explained  unless  mental  processes  can  be  reviewed.  The 
man  making  them  is  liable  to  aberrations  but  usually  after 
two  or  three  serious  mistakes  is  eliminated  from  further 
work. 

The  most  expensive  single  errors  come  from  a  change 
in  either  design  or  detail  not  being  followed  throughout. 
Girders  have  had  flange  areas  increased  without  chang- 
ing the  spacing  of  rivets.  In  two  cases  columns  were 
turned  90°  without  changing  the  anchor  bolt  or  grillage 
plan.  The  use  of  the  "do"  mark  has  often  involved  con- 
siderable cost.  One  instance  is  that  of  a  light  highway 
bridge  in  which  the  top  chord  pins  were  all  the  same  di- 
ameter. After  the  work  had  been  commenced  in  the  shop 
it  was  decided  to  make  the  hip  pins  a  trifle  larger.  The 
draftsman  changed  his  drawings  but  forgot  to  change  a 
"do"  mark  on  the  pin  list.  The  result  was  that  an  erec- 
tion gang  in  a  remote  country  place  had  to  idle  away  time 
until  six  new  pins  could  be  made  and  shipped  by  express. 
Cases  might  be  cited  where  single  beams  in  the  floor  plans 
of  buildings  have  been  made  lighter  or  heavier  without 
changing  the  "do"  mark  for  the  beams  following.  It  is  a 
question  whether  or  not  the  "do"  mark  should  be  used  at 
all  on  drawings. 

It  is  a  man's  job  to  follow  a  change  throughout,  whether 
made  in  design,  details  or  contract  requirements.  Changes 
should  be  made  on  dependent  drawings  as  well  as  those 
affected  directly.  All  prints  sent  to  the  shop  previously 
should  be  destroyed.  Prints  sent  to  outside  parties  should 
be  recalled.  File  prints  should  be  marked  "See  revised 
print"  and  the  new  print  should  give  the  date  and  nature 
of  the  revision..  The  failure  to  take  these  precautions  has 
often  been  a  source  of  annoyance  and  expense.  Almost 
at  the  date  of  writing  these  lines  word  comes  in  that  on 
one  job  the  bracing  in  the  sides  of  a  building  interferes 
with  the  ventilating  sash.  The  architect  had  not  sent 
prints  of  his  revised  elevations.  At  another  site  there  are 
some  steel  rolling  doors  2  ft.  too  wide  because  the  owner 
neglected   to  notify   the   door   contractor   that   the   drawing 


.  sent  liim  had  been  changed.  A  few  years  ago  the  correc- 
tions for  an  expensive  error  had  to  be  made  in  the  field. 
When  a  duplicate  structure  was  wanted  two  or  three  years 
later  the  same  error  was  repeated  because  the  corrections 
had  not  been  noted  on  the  file  drawings. 

The  cause  of  many  errors  may  be  attributed  to  careless- 
ness. "A  careless  draftsman"  is  often  given  as  sutlicient 
reason  for  vexatious  delays.  Yet  mistakes  are  made  by 
careful  men.  This  is  often  because  the  draftsman  and 
checker  lack  a  sense  of  proportion.  They  give  the  same 
degree  of  attention  to  the  spacing  of  shop  rivets  in  col- 
umns as  to  the  matching  of  field  holes.  They  forget  that 
an  error  in  spacing  will  be  caught  in  the  templet  shop,  but 
that  one  in  field  holes  may  not  be  found  until  the  pieces 
are  assembled  at  the  site.  They  give  the  same  attention 
to  a  field  connection  that  is  not  duplicated  as  to  connec- 
tions that  are  repeated  scores  of  times.  In  one  contract 
.j4  beams  had  the  end  holes  61/2  in.  apart  while  the  holes 
in  the  girders  to  which  they  were  to  be  bolted  were  spaced 
7  in.  In  another  contract  the  holes  in  the  roof  purlins 
did  not  match  those  in  the  angle  clips  on  the  trusses. 
These  instances  illustrate  that  expensive  errors  often  occur 
where  seemingly  there  is  no  excuse.  Skew  portals  of 
bridges  and  complicated  hip  and  valley  roofs  seldom  cause 
trouble,  but  some  simple  bracing  member  is  often  either 
too  short  or  too  long. 

Can  drafting  errors  be  eliminated?  To  the  late  .James 
Mapes  Dodge  it  attributed  the  remark.  ".  .  ..  but  never 
attempt  to  be  100  per  cent  efficient."  "Accuracy  in  the  ab- 
stract may  be  regarded  like  100  per  cent  efficiency,  as  a 
nearly  impossible  ideal.  But  accuracy  up  to  a  well-defined 
limit  is  an  entirely  attainable  end."* 

The  magnitude  and  importance  of  the  work  will  deter- 
mine these  limits.  The  Hell  Gate  arch  demanded  a  much 
more  elaborate  system  of  checking  than  that  necessary 
for  the  ordinary  industrial  building.  Assuming  that  the 
average  cost  of  correcting  drafting  room  errors  in  the 
field  is  5  ct.  per  ton.  it  would  be  unprofitable,  to  say  noth- 
ing of  time  or  delay,  to  spend  $100  for  double  checking 
an   ordinary   building   of  1,000   tons. 

To  make  sure  of  field  holes  matching,  one  contracting 
firm   has   all  field   connections  rechecked. 

If  a  distance  is  given  correctly  halt  a  dozen  times  and 
wrong  once,  the  wrong  one  is  liable  to  be  followed.  To 
avoid  this,  the  plan  was  tried  in  a  designing  office  of  giv- 
ing a  distance  but  once.  It  was,  however,  found  to  be  im- 
practicable and   was   abandoned. 

The  practice  in  one  large  drafting  room  is  to  be  com- 
mended: Blue  prints  of  erroneous  details  are  posted  as 
they  are  reported,  together  with  the  outlines  of  correct 
details  and  notes  by  the  engineer  in  charge.  It  might  also 
be  good  praetice  to  post  bills  for  remedying  errors.  Most 
draftsmen  know  little  of  the  cost  of  field  work. 

It  is  always  profitable  to  take  time  to  consider  how  to 
correct  a  mistake.  A  recent  instance  may  illustrate.  At 
the  site  some  grillage  girders  could  not  be  brought  to- 
gether in  pairs  as  was  intended  because  the  stiffening 
angles  extended  beyond  the  flanges.  To  cut  an  inch  off 
the  outstanding  leg  of  each  stiffener,  as  was  proposed 
would  have  cost  $700.  A  careful  study  of  actual  require- 
ments and  action  in  accordance  therewith  reduced  the  cost 
of   changes   to    less    than    $100. 


Briquets  Made  of  Coal  Dust  and  Cement. — A  method  of 
utilizing  coal  dust  and  fine  slack  for  fuel  purposes  is  de- 
scribed in  a  report  of  the  Advisory  Committee  of  the  Brit- 
ish Coal  Controller.  According  to  this  scheme  accumula- 
tions of  fine  coal  dust  should  be  carefully  mixed  with  cinder, 
sawdust,  small  wood  chips,  and  10  per  cent  of  cement,  with 
sufficient  water  to  render  the  whole  plastic.  Mixing  should 
be  done  on  a  stone  or  concrete  floor.  When  thoroughly 
mixed,  the  material  should  be  rammed  into  ordinary 
flowerpots  (a  convenient  size  being  ili  in,  high  by  ZV2  in. 
diameter  at  the  top)  and  then  quickly  turned  out  on  a 
board  to  dry.  Fuel  cakes  or  briquets  thus  made  should  be 
left  for  one  week  in  a  dry  place  to  harden. 


*'"Relative  Accuracy."  William  S.   .\yer.s.   American  llachini; 
Vol.  46,  p.  457,  March  15,  1917. 
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Shipbiiildini^  Progress  in  Tnited 
States 

Interesting  inrormatlon  regarding  the  progress  of  the 
V.  S.  Shipping  Board  construction  plan  and  the  relative 
rule  of  ship  buililing  in  ihis  and  allied  nations  la  given 
In  a  bulletin  issued  last  week  by  the  information  bureau 
of  the  Shipping    Board      Kxtracts   from   the   bulletin   follow: 

Tonnage  Controlled  by  Shipping  Board.— Within  the 
jurisdiction  of  the  United  States  Shl|iping  Board  at  the 
present  lime  (Sept.  1,  IIMS).  there  are  2.1.>>r)  seagoing  ves 
sets,  totaling  !i..'ill.9i:.  deadweight  Ions.  Of  these.  l.l'SM, 
totaling  »;.:,»«. 405  dead-weight  tons,  fly  the  American  flag. 
I'nder  diarter  to  the  Shipping  Board  and  to  American 
citizens  there  are  891  foreign  vessels,  totaling  2,915.510 
dead  weight  tons.  At  the  time  the  United  States  entered 
the  war  the  .\merican  merchant  marine  included  approxi- 
mately only  2.750,000  dead-weight  tons  of  seagoing  vessels 
of  over  l,.'>iiO  dead-weight  tons.  The  expansion  of  the  fleet 
within  the  jurisdiction  of  the  Shipping  Board  has  come 
about  for  the  most  part  during  the  past  year. 

Expansion  of  Our  Merchant  Marine. — The  American  mer- 
chant marine  is  today  expanding  more  rapidly  than  any 
other  in  the  world.  In  .\ugust  of  this  year  the  United 
States  took  rank  as  the  leading  shipbuilding  nation  in  the 
world.  It  now  has  more  shipyards,  more  shipways,  more 
shipworkers.  more  ship.s  under  construction,  and  is  liuild- 
jng  more  ships  every  month  than  any  other  country,  not 
excepting  the  United  Kingdom,  hitherto,  easily  the  first 
shipbuilding  power.  Prior  to  the  war  the  United  States 
stood    a    poor   third    amoi^g   the   shipbuilding   nations. 

Since  August.  1917.  more  seagoing  tonnage  has  been 
launched  from  American  shipyards  than  was  ever  launched 
before  in  a  similar  period  anywhere.  The  total,  as  of 
Sept.  1.  1918.  574  vessels,  of  :5.017.2,'iS  dead-weight  tons.  i.s 
nearly  four  times  all  the  seagoing  tonnage  (of  over  1.500 
dead-weight  tons)  built  in  the  United  States  in  any  four 
prewar  years.  The  total  launchings  since  the  first  of  this 
year.  482  vessels,  of  2.292.092  dead-weight  tons,  are  more 
than  eight  times  the  seagoing  tonnage  (of  over  1,500  dead- 
weight tons)  produced  in  thi.s  country  in  any  prewar  year.* 
In  the  first  year  (.August,  1917— August.  1918)  of  the 
present  Shipping  Board  the  following  ships  were  launched: 

Dead- 
,,.       ,  ^  N'umlier.         weight  tons 

\\  ootit-n  ships    170  st'i  J'O 

Composition    ships    u  is'son 

.Stt-I  contraot  ships  130  708.300 

Ke.iuisitioned  stec-l  sh'ps 2t!l  1,660,;)SS 

Total  571  .■5,1)17.238 

Deliveries  of  New  Ships.— More  than  2,000.000  dead- 
weight tons  of  new  ships  have  been  completed  and  de- 
livered to  the  Shipping  Board  during  the  past  year.  The 
first  delivery  was  made  on  .\ug.  .30.  1917.  by  the  Toledo 
Shipbuilding  Co..  of  Toledo.  O.  The  first  million  tons  of 
completed  ships  were  obtained  in  May:  the  sefond  million 
In  August.  The  deliveries  to  the  Shipping  Board  in  Au- 
gust broke  all  world's  records  in  the  production  of  ocean- 
going tonnage  and  established  the  United  States  as  the 
leading  shipbuilding  nation  of  the  world.  They  totaled 
3.'{8.983  dead-weight  tons.  Those  from  American  shipyards 
to  the  Shipping  Board  in  August  totaled  :{13,:!S0  dead- 
weight tons,  exceeding  the  previous  world's  record  for  any 
month,  which  had  been  made  by  British  shipyards  in  May. 
1918.  by  17.869  dead-weight  tons.  The  deliveries  to  the 
Shipping  Board  by  American  shipyards  from  Aug.  30,  1917. 
to  and  including  Aug.  31,  1918,  totaled  325  seagoing  ves- 
sels of  1.941.875  dead-weight  tons.  Adding  8  vessels  of 
fifi.357  dead-weight  tons  delivered  by  Japanese  shipyards, 
the  grand  total  of  deliveries  to  the  Shipping  Board  up  to 
Sept.  1,  191S.  was  333  vessels  of  2,008,232  deadweight  tons. 
The  deliveries  to  the  Shipping  Board  from  Atnerlcan 
shipyards   In    1918   to   Sept.    1    In   comparison   with   the  out- 

•In  the  four  pr.-war  ycarji.  1!>13-1016.  ncoorillnt:  to  ili..  nur.-au 
of  Nnvlentioii  of  the  n<'pai-tmonl  of  romnicn,..  this  couiilo'  Imil' 
U)7  sraKolnt.'  steam  vo!i«..l«  of  over  I, .'.On  <U-a<l-n  rlKlit  toiiM  total- 
ini;  Si)r..03-  .lc.i,l-wvli:ht  tons.  Th.-  hinh  Diark  of  prfwnr  nrodiic- 
tlon  In  the  I  nlleil  Slat.-n  of  Kpaeolni;  vt>.-i.iolM  of  over  I. .'.00  deatl- 
welKht  lonH  was  reached  In  I91«.  when  there  were  built  38  vex. 
nel».  of  2S.'>.r,5.".  dead-welKht  lonH. 


put   for  the  same  period   l)y   British   shipyards  show   up  as 
follows    t 


.Moil  111 
Januar> 
Kf  l>i-uar\ 
M:-.rih 
April     . 
•May     . . 
June     . .  . 
July 

.XUKUSI 


.  ■-■,'•11 
:■  .1)0*1 
J  ■  ■.  "  1 1 
.  '  ;:!s 
::-•  ''73 
1*7  01» 

1.514,161 


'^"••'''     1.626,Ou2 

To  date  American  shipyards  lead  by  79.981  ton 

Records  Made  by  Shipyards.— The  most  spectacular 
achievement  in  the  history  of  shipbuilding,  in  Ihl.s  or  anv 
other  country,  was  the  launching  from  American  shipyards 
on  Independence  IJay  of  95  steel,  wood,  and  composite 
vessels,  totaling  474  464  dead-weight  tons.  Thus  in  one 
day  there  were  launched  188.909  dead-weight  ton.s  more 
than  the  output  of  seagoing  tonnage  of  over  1.500  dead- 
weight tons  I  in  the  best  prewar  year  of  American  ship- 
building. 

.Another  world's  record  was  made  by  American  ship- 
yards for  the  month  of  July.  There  were  launched  in  that 
month  126  steel,  wood,  and  composite  vessels,  totaling 
H34,411  dead-weight  tons.  This  total  more  than  doubles 
the  launching  totals  for  any  month  in  the  history  of  Brit- 
ish shipyards.  Before  the  war  British  shipyards  launched 
more   vessels  annually   than   all   the  others   in   the   world. 

An  unprecedented  pace  of  construction  marks  the  rap- 
idly increasing  output  of  tonnage  from  American  ship- 
yards. All  records  for  fast  shipbuilding  are  now  held  by 
them.  Before  the  war  from  nine  months  to  a  year  were 
required  to  build  a  3.50n-ton  steel  seagoing  vessel,  from  a 
year  to  year  and  a  half  to  build  a  5  500-ton  steel  vessel, 
and  from  a  year  and  a  half  to  two  years  to  complete  a 
vessel  of  8.000  ton.«  and  over. 

In  July  and  August  of  this  year  only  34  calendar  days 
e'apsed  between  the  keel  laying  and  delivery  of  the  3.500 
deadweight  ton  steel  freighter  Crawl  Keys.  This  world's 
record  was  made  by  the  Great  lakes  Fngineering  Works, 
of  Ecorse.  Mich.  The  keel  of  the  Crawl  Keys  was  laid  on 
July.  The  vessel  was  launched  in  the  record-breaking 
time  of  16  calendar  (14  working)  days  On  August  13 
the  Crawl  Keys  was  completed,  and  on  the  following  day 
it  was  accepted  by  the  Shipping  Board  and  placed  in  coni- 
niission. 

Only  37  calendar  days  were  required  in  May  and  June 
to  build  the  Tuckahoe.  a  steel  collier  of  5.500  dead-weight 
tons.  This  sensational  pace  for  war-time  shipbuilding  was 
set  by  the  New  York  Shipbuilding  Co..  of  Camden.  N,  J. 

A  world's  record  was  made  when  the  Tuckahoe  was 
launched  90  per  cent  complete  on  June  5  in  27  days  2  hours 
and  50  minutes  from  keel  laying.  Another  world's  record 
was  made  10  days  later  when  the  Tuckahoe.  ready  for 
service,  was  delivered  to  the  Shipping  Board.  The  Tuck- 
ahoe was  carrying  coal  to  \ew  England  on  the  fortieth 
day. 

The  10  fastest  built  seagoing  vessels  in  the  worid  have 
come  from  American  shipyards  this  year.     They  are: 

frawl  Keys.  frelKhter.  S.sno  dead-welKht  tons.  Great  Ijjkes 
ICiiflneerlnR  Works.  Eoor.se.  Mich..  34  (calendar)  days. 

Tuckahoe.  collier,  5,.i00  dead-wel^hl  tons.  Xew  York  Ship 
Hulldinf;  Co  .  Camden.  ,V.  J.,  37  fralendar)  days. 

West  I^ianRa.  freighter.  S,543  deail-weli;ht  tons.  Skinner  & 
Kddy  Coriwratlon.  Seattle.  78  (calendar)  day's 

West  Hosokle.  freighter.  S.800  dead-welsht  tons.  Skinner  & 
Kddy  Corporation,  Seattle.  79  (calendar)  days. 

West  Hobomac.  frelKhter.  K,ij04  dead-weivht  tons.  Skinner  & 
ICddy  Corporation.  Seattle.  80  (calendar)  days. 

Ijike  Nnrka.  frelKhter.  3,530  dead-weiBht  tons.  ..\merlcan 
Shiplmlldlni;  Co..  Cleveland.  84  (calendar)  days. 

We.st  Cohaji,  frelKhter.  S,.i.i4  dea.l-welKht  tons.  Skinner  & 
Kddy  Corporation.  Seattle.  Sf.  (calendar)  days. 

We.st  Gamlio.  freighter.  S.5.i4  dead-welKhl  tons.  Skinner  * 
Eddy  Corporation,  Seattle,  8(5  (calendar)  days. 


tThe    taWe    Is    in    dead-weight     tons.        The    dellv.  n. -^     :..     il.. 
Shipping    Board    do    not    embiare    all    loiL-triirtion 
Slates.      Th.,v     leal  only  with   .seayoint   ve.«.s,.|s  of  ,.% 
welKlit   ton.'i    liiiilt    umler   reiulslti.iii   or  ronira.-t    f.. 

Ttoard.     The  ftn:res  of  production   whi.li   pio|ierlv  t 

those  of  the  Mrltlsh  Admiralty  are  compiled  l>v  the  Bun.au  oi 
Navigation,  which,  like  the  British  Admiralty.  Iiiiti>  all  ve.ssels  of 
over  100  gross  tons. 
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We.st  Ekonk.  freighter.  S,5ri4  dead-weight  tons.  Skinner  ■& 
Eddy  Corporation.  Seattle.  88   (calendar)   days. 

West  Alsek.  freighter,  8.529  dead-weight  tons;  West  Apaum, 
S,516  dead-weight  tons;  and  West  Gotoniska,  freighter,  8,586  dead- 
weight tons.  Skinner  &  Eddy  Corporation.  Seattle;  and  Lake 
Gardner.  2.300  dead-weight  tons.  Great  Lakes  Engineer  Works, 
Ecorse,  Mich..  02   (calendar)   days. 

The  speed  that  American  shipbuilding  has  attained  this 
year  is  further  shown  by  the  following  launchings  made 
in  record   time: 

Manitowoc  Shipbuilding  Co.,  of  Manitowoc,  Wis.,  launched  the 
3,400-ton  steel  freighter  Corsicana  on  Aug.  7.  28  (calendar)  days 
after  keel   laying. 

Bethlehem  Shipbuilding  Corporation.  of  .Mameda.  Cal., 
launched  the  12,000-ton  freighter  Invincible  on  Aug.  4,  31  (cal- 
endar) days  after  keel  laying. 

American  Shipbuilding  Co.,  of  Cleveland,  launched  the  3.5.")0- 
ton  steel  freighter  Lake  Narka  on  May  4,  46  (calendar)  days 
after  ireel  laying. 

Baltimore  Dry  Dock  &  Shipbuilding  Co..  of  Baltimore,  launched 
the  6,450-ton  steel  refrigerator  ship  South  Pole  on  June  17,  4ti 
(calendar)  days  after  keel  laying. 

Bethlehem  Shipbuilding  Corporation,  of  Alameda,  Cal., 
launched  the  12,000-ton  steel  freighter  Defiance  on  July  4,  46 
(calendar)  days  from  keel  laying.  On  the  same  day  this  yard 
launched  three  other  12.000-ton  steel  freighters,  one  of  them,  the 
Victorious,    66    (calendar)    days   from   keel   laying. 

Shipyards  and  Shipways. — When  the  present  Shipping 
Board  began  its  work,  in  August,  1917,  there  were  only  61 
shipyards  in  the  United  States.  There  were  37  steel  ship- 
yards with  162  ways.  About  threequarters  of  their  ca- 
pacity had  been  pre-empted  by  the  naval  construction  pro- 
gram, while  private  orders  overflowed  the  remaining  ways. 
In  the  24  wood  shipyards  there  were  only  73  ways. 

The  largest  shipyards  in  the  world  in  September,  191S, 
are  those  of  the  United  States.  The  Clyde  River,  in  Scot- 
land, historically  famous  as  the  greatest  of  all  ship  build- 
ing localities,  is  already  surpassed  by  two  ship  building 
districts  on  the  Atlantic  Coast  and  by  two  on  the  Pacific 
Coast — by  Delaware  River  and  Newark  Bay  in  the  east 
and  by  Oakland  Harbor  and  Puget  Sound  in  the  west.  One 
yard.  Hog  Island,  on  the  Delaware,  is  equipped  to  produce 
more  tonnage  annually  than  the  output  of  all  the  ship- 
yards of  the  United  Kingdom  in  any  prewar  year.  It  has 
50  ways. 

There  are  now  203  shipyards  in  the  United  States.  The 
list  comprises  77  steel,  117  wood,  2  composite,  and  7  con- 
crete shipyards.  Of  these.  155  are  completed,  35  more 
than  half  completed,  and  only  13  less  than  half  completed. 
The  great  plant  at  Hog  Island  is  95  per  cent  completed — 
built  in  one  year.  Its  site,  when  the  United  States  entered 
the   war.   was   a   swampy   marsh. 

Every  month  of  the  past  year  has  added  to  the  number 
of  American  shipways,  until  today  the  impressive  total  is 
1,020 — more  than  double  the  total  of  shipways  in  all  the 
rest  of  the  world.  Of  the  927  shipways  that  are  for  the 
Emergency  Fleet  Corporation  of  the  Shipping  Board,  810 
are  listed  today  (Sept.  11)  as  completed,  and  only  117  are 
to  be  added.  There  are  410  completed  ways  for  the  con- 
struction of  steel  ships,  400  completed  ways  for  the  con- 
struction of  wood,  composite,  and  concrete  ships. 

Employes. — The  records  of  the  United  States  Shipping 
Board  Emergency  Fleet  Corporation  show  that  there  are 
now^  approximately  386,000  employes  in  the  shipyards. 
There  were  less  than  50,000  shipworkers  in  July.  1916. 
The  weekly  pay  roll  of  the  shipyards  building  ships  for 
the  United  States   Shipping  Board  is   $10,500,000. 

Program  and  Contracts. — Here  is  the  program  of  ship 
construction  which  the  Shipping  Board  has  placed  with 
the   rapidly  expanding  shipyards  of  the  country: 

Dead- 
weight tons. 

2,249  contract   ships,    totaling    13,212,712 

42  concrete  ships,    totaling    301.500 

402  requisitioned  ships,  totaling   2,790,792 


2,693  ships     16,305,004 

The  Shipping  Board  has  also  contracted  for  the  con- 
struction of  170  wood  barges,  279  steel,  wood,  and  con- 
crete tugs,  100  trawlers,  and  25  harbor  oil  barges,  totaling 
50,000  dead-weight  tons. 


Working  Models  of  Forms  for 
Reinforced  Concrete  Buildings 

The  advantages  of  employing  a  working  model  of  forms  for 
reinforced  concrete  buildings  are  pointed  out  by  Mr.  T. 
M.  Lauridsen,  Form  Designer  for  Villadsen  Bros.,  contrac- 
tors. Salt  Lake  City,  Utah,  in  the  Journal  of  the  Utah  So- 
ciety of  Engineers.  He  states  that  both  drawings  and 
models  are  advisable  for  work  of  exceptionally  large  di- 
mensions, or  work  in  which  untried  methods  are  necessary, 
especially  if  the  forms  represent  a  considerable  invest- 
ment. The  illustration  shows  the  model  form  design  tor 
a  foundry  which  has  14  bents  the  same  as  the  two  shown 
in  the  model.  They  have  a  span  of  69  ft.  and  a  height  of 
44  ft.  The  form  is  designed  for  use  three  times.  The  end 
scaffold  is  not  only  to  provide  a  solid  backbone  for  the 
whole  form  structure,  but  also  for  use  in  setting  steel 
sash,  pouring  end  wall,  stripping  and  painting.  The  best 
position  for  the  scaffold  may  be  exactly  determined  from 
the  model,  so  that  it  is  available  for  all  the  different  kinds 
of  work  and  will  not  have  to  be  reconstructed  for  each. 

In  a  building  of  this  kind,  where  new  methods  are  to 
be   used,   it   is   frequently   found   that   the  first   part   of   the 


Design   of   Model  for  Form   Work. 

work  is  more  or  less  experimental,  and  the  most  effective 
working  methods  are  only  developed  by  the  time  the  last 
bent  is  reached.  By  the  experience  gained  in  putting  the 
parts  together  in  the  form  of  a  model,  it  is  expected  that 
almost  as  much  efficiency  will  be  attained  on  the  first 
bent  of  this  building  as  is  usually  the  case  on  the  last  bent. 
For  instance,  before  the  model  was  constructed,  it  was 
thought  that  it  would  be  advisable  to  erect  the  outside 
scaffolding  first.  A  study  of  the  model  developed  the  tact 
that  a  saving  of  possibly  10  per  cent  in  the  erection  of  the 
first  bent  might  be  made  by  erecting  the  scaffolding  under 
the  bent  first  and  following  that  with  the  end  scaffold,  thus 
allowing  a  clean  sweep  for  the  erection  of  the  arch  sup- 
ports,  which   are   exceptionally  heavy. 

Another  point  which  was  very  easy  to  observe  from  the 
model,  but  was  not  by  any  means  so  evident  from  the  set 
of  drawings,  was  the  necessity  of  eliminating  all  the  di- 
agonal sway  bracing  on  one  side  of  the  arch  scaffold,  so 
that  the  column   forms   would   go   into  place   more   readily. 

It  should  be  noted  that  the  model  is  supplemented  by  a 
most  complete  and  detailed  set  of  form  drawings.  This 
method  of  representing  the  building  in  its  whole  three 
dimensions  at  one  glance  serves  as  an  excellent  check  on 
the   form   drawings. 


Precautions  in  Cold  Weather  Concreting. — In  the  con- 
struction of  the  Third  Ave.  bridge  of  Minneapolis,  Minn.,  a 
considerable  part  of  the  27,000  cu.  yd.  of  concrete  in  the 
piers  was  placed  when  the  temperature  was  below  zero. 
For  this  winter  concreting  the  forms  were  entirely  enclosed 
by  tarpaulins  and  heated  by  coke  fires.  The  concreting 
buckets  also  were  warmed  by  dipping  them  in  hot  water 
before   filling  them   with  concrete. 
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The  Am.  Soc.  C.  E.  Committee  on 

Development:  Its  l*iirpose 

and  Field 

Tilt'  I'liiiimilUM-  oil  l>i'\fU)iJiiu-iil  of  itii-  Amt'rU-un  Society 
of  I'lvil  KiiRliipers.  created  under  the  resolution  adopted 
June  IS  lu.st  (see  Kngineerlng  and  Contracting.  July  17),  by 
the  Hoard  of-  Direction  of  the  Society,  has  been  selected. 
It  consists  of  :'8  members,  of  which  the  following  were  ap- 
pointed by  the  President  of  the  society:  Onward  Bales, 
chairman,  Chicago;  Paul  G.  Brown.  New  York  City;  Charles 
Hansel.  New  York  City;  Clifford  M.  Holland.  Brooklyn.  .\ 
\.;  Frederick  C.  Noble.  New  York  City;  H.  U.  Safford. 
Montreal.  Que.;  S.  Kverett  Tinkhani.  Boston.  .Mass.  The 
remaining  2\  members  and  the  local  associations  by  which 
they  were  appointed  follow:  Richard  L.  Humphrey.  Phil- 
adelphia Association;  J.  C.  Ralston.  Spokane  Association: 
Robert  A.  Cumniings.  Pittsburgh  Association:  George  U. 
Putnam.  District  of  Colum.bia  Association:  Baxter  I.. 
Brown.  St.  Louis  .\ssociation:  William  H.  Hoyt.  Duluth 
Association;  George  C.  Mason,  Portland.  Ore..  Association; 
H.  L.  Haehl.  San  Francisco  Association:  George  G.  An- 
derson. Southern  California  Association:  K.  B.  Thomas. 
Cleveland  Association;  Kdgar  S.  Nethercut.  Illinois  Associa- 
tion: \V.  I..  Darling.  Northwestern  Association:  John  L. 
Hall,  Seattle  Association;  Arthur  Pew.  Atlanta  Associa- 
tion; J.  H.  Brillhart.  Texas  Association;  Thomas  L.  Wilkin- 
son. Colorado  Association:  Charles  J.  Tilden.  Baltimore 
.Association;  .■\rsene  Perrilliat.  Louisiana  Association: 
Frank  T.  Darrow.  Nebraska  Association:  George  Butler, 
San  Diego  Association:  Gardner  S.  Williams.  Detroit  Asso- 
ciation. 

The  following  precept  for  the  general  guidance  of  the 
committee  has  been  prepared  by  Prof.  .Arthur  N.  Talbot, 
President   of  the   society: 

Purpose  and  Scope. — It  is  intended  that  the  committee 
on  development  shall  make  a  survey  of  the  fields  of  use- 
fulness which  are  or  should  be  open  to  the  society,  con- 
sider what  functions  may  properly  be  assurtied  by  the 
-iiciety.  define  its  purposes,  formulate  policies  and  methods 
i'(  work  to  be  recommended,  and  consider  the  needs  in  or- 
ganization and  constitution.  This  means  taking  stock  and 
making  plans.  The  resolutions  contemplate  an  examina- 
tion of  present-day  conditions  and  an  outlook  into  the  fu- 
ture. They  involve  considering  the  changing  social  and 
industrial  relations  of  the  times  and  the  opportunities  and 
responsibilities  which  devolve  upon  the  society  and  its 
membership.  The  relations  of  the  society  to  other  societies 
and  to  the  profession  generally  are  also  included.  The  out- 
come of  the  work  of  the  committee  may  be  modifications 
in  the  activities,  functions,  and  methods  of  work,  or  in 
the  emphasis  in  these  matters,  and  possibly  the  addition 
of  new  ones.  Naturally  the  resolutions  assume  that  the 
views  of  the  membership  of  the  society  will  be  asked  for 
and  its  aid  obtained  in  determining  what  the  society's  pur- 
poses and  activites  should  be  and  how  they  may  best  be 
carried  out.  It  is  expected  that  the  committee  will  report 
definite  recommendations  in  the  field  of  its  work  and  these 
recommendations  may  include  proposals  of  fundamental 
changes  which  may  involve  amendment  of  the  constitution 
of  the  society. 

The  Committee's  Field. — It  would  be  premature  to  out- 
line the  ground  to  be  covered  in  the  committee's  work; 
Ibis  may  best  be  found  by  the  committee  as  Its  work 
progresses.  It  may  serve  a  good  purpose,  however,  and 
aid  in  starting  effective  deliberations  more  promptly  it 
some  expression  ia  made  of  the  possible  content  of  the 
work.  With  this  advantage  In  mind  the  following  is  sug- 
gested aa  representative  of  the  field  of  the  committee's 
work : 

1.  Relations  of  the   society  and   Its   membership. 

(a)  The   relations   of   the   society   to   its   membership 
and  to  the  profession  of  engineering. 

(b)  The  relations  of  the  society  to  other  engineering 
societies  and   to  related  organizations. 

(c)  The  relations  of  the  society.  Its  membership,  and 
the   members  of  the  profession   to  public  affairs. 


to  the  welfare  of  Its  members  and  the  public,  to 
the    work    of    communities    and    nations,    and    to 
movements  of  timea  related   to  industry   and   ao- 
ciety. 
2.  Organization  of  the  society  and  the  profession. 

(a)  Tlie  functions  of  the  central  organization  of  the 
society  and  its  relation  to  other  organizations. 

(bl  The  functions  of  the  local  associations  of  mem- 
bers (including  the  membership  at  New  York) 
and  their  relations  to  the  society,  to  other  so- 
cieties, and  to  groups  of  organizations. 

(c)   The    organization    of    the    engineering    profession 
aa  a  whole. 
:i.  Technical    activities    of    the    society    and    its    possible 
branch   organizations. 

(at  Meetings,  papers,  publications  and  committee 
work. 

(b(  .Activities  related  to  engineering  progress  and 
engineering   problems. 

(c)  Sections  or  divisions  of  the  society  for  specialized 
lines  of  work. 

(d)  Co-operation  with  specialized  engineering  so- 
cieties  and   other  organizations. 

(e)  Relations  to  other  technical  activities  such  as 
those  of  the  proposed  standards  committee. 

4.  General  acitivies  of  the  society  and  its  possible  branch 
organizations  and  co-operative  organizations. 

(a)  Activities  related  to  public  affairs  and  public 
welfare. 

(b)  Activities  related  to  the  welfare  of  its  members. 

(c)  Relations  to  organizations  dealing  with  indus- 
trial  and   governmental    problems. 

5.  Functions  of  the  society  in  relation  to  the  younger 
members  of  the  profession  and  to  those  in  executive,  con- 
tracting and   other  lines. 

6.  Miscellaneous   needs   of  the   organization. 

7.  Proposals  for  changes  which  will  involve  making 
amendments  to  the  constitution  and  formulating  rules  and 
methods  of  procedure. 

These  general  topics,  which  are  mostly  self-explanatory, 
are  necessarily  interrelated  in  a  variety  of  ways.  The  sub- 
ject of  the  relations  of  the  society  to  its  membership,  the 
profession,  the  public,  and  the  times  involves  questions  of 
the  purposes,  functions,  and  organization  of  the  society. 
The  organization  topic  relates  to  ways  of  managing  activi- 
ties and  functioning  with  other  organizations.  The  tech- 
nical activities  topic  embraces  means  for  carrying  on  the 
technical  functions  of  a  great  engineering  society,  contrib- 
uting to  engineering  knowledge,  creating  or  developing 
new  engineering  policies,  originating  and  bringing  about 
constructive,  progressive,  movements,  and  developing  engi- 
neering practice  and  engineering  influence.  The  general 
activities  topic  relates  to  the  work  of  the  society  in  con- 
nection with  public  affairs  and  the  welfare  of  the  profession 
and  of  society.  The  functions  of  the  society  with  refer- 
ence to  the  classes  of  members  of  the  profession  are  bound 
up  intimately  with  the  topics  already  referred  to.  It  will 
be  noted  that  this  outline  of  the  field  of  work  of  the  com- 
mittee is  not  in  the  form  of  a  program  of  work  or  order  of 
procedure;  the  topics  are  too  closely  related  to  make  It 
applicable  to  such  uses. 

Certain  matters  of  policy  which  have  been  called  to  the 
attention  of  the  board  of  direction  have  been  referred  to 
the  committee,  such  as  the  rewriting  of  the  code  of  ethics 
of  the  society,  the  suggested  organization  of  American  en- 
gineers abroad  and  the  question  of  what  policy  the  society 
should  take  toward  the  adoption  of  standards,  and  doubt- 
less other  matters  will  be  so  referred.  It  seems  probable 
that  many  members  of  the  society  will  have  proposals 
which  thpy  will  desire  to  present. 

Formulntion  of  Policies  and  Determination  of  Methods  of 
Execution.  -The  groat  questions  before  the  committee, 
then,  are  (1)  what  are  the  functions  which  the  American 
Society  of  Civil  Knglneers  should  assume  and  (2)  how- 
should  they  be  carried  out. 

It  goes  without  saying  thJlt  a  society  should  consider 
and  determine  the  functions  It  will  undertake  and  the 
working  policies  It  will  pursue.  In  considering  these  mat- 
ters,  it  Is  apparent  that  the  formulation  of  a  proposition 
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is  a  step  which  may  aid  in  judging  of  the  value  of  the  pro- 
posal, since  the  mere  attempt  at  making  tlie  statement 
may  bring  out  its  impracticability  or  its  undesirability. 
The  formulation  of  propositions,  too.  takes  the  mind  away 
from  indefinite  generalities  and  to  definite  proposals  which 
should  have  much  the  same  significance  to  all  readers.  It 
will  be  evident,  too,  that  some  proposals  must  be  accepted 
only  as  principles  or  ideals  and  not  as  working  rules,  and 
a  distinction  between  these  two  classes  may  well  be  made. 
Definiteness  of  statement  of  course  is  essential  in  a  report 
of  a  committee  such  as  this.  Doubtless  the  committee  will 
carefully  consider  functions  and  policies  and  their  formu- 
lation. 

Not  less  essential  is  the  determination  of  the  methods 
and  ways  of  executing  proposed  functions  and  carrying  out 
policies.  In  devising  administrative  plans  it  is  well  to  keep 
in  mind  that  organization  should  be  left  as  simple  and  flex- 
ible as  possible;  elaborate  or  complicated  organization  and 
methods  are  likely  to  be  ineffective;  they  are  not  self-pro- 
pelling; and  time  makes  changes  in  needs  and  scope  of 
work. 

In  the  course  of  its  work  the  committee  will  doubtless 
find  it  desirable  to  consider  whether  changes  should  not 
be  made  in  the  constitution  of  the  society,  even  though. 
as  has  been  found  true  in  the  past,  changes  in  methods  and 
new  activities  may  be  put  into  effect  without  amending 
the  constitution;  the  securing  of  the  views  of  the  mem- 
bership of  the  districts  on  their  choice  for  members  of  the 
nominating  committee  and  the  establishment  of  engineer- 
ing council  are  examples  of  what  has  been  done  without 
modifications  of  the  present  constitution.  It  seems  likely, 
however,  that  the  committee  will  want  to  recommend  ways 
in  which  the  constitution  should  be  changed.  Here  again 
it  is  suggested  that  simplicity,  flexibility,  and  breadth 
should  be  kept  in  mind,  and  that  details  be  left  for  by- 
laws and  regulations.  It  will  be  necessary  to  learn  whether 
proposals  for  activities  and  methods  come  into  conflict  with 
the  charter  or  conditions  of  incorporation  of  the  society. 
Possibly  the  conditions  governing  the  incorporation  may 
limit  somewhat  activities  which  the '  committee  may  think 
desirable  and  possibly  the  committee  may  conclude  that 
modification  in  the  articles  of  incorporation  should  be  made 
or  other  steps  be  taken  to  give  legal  strength  to  their  rec- 
ommendations. 

Co-operation  with  Committees  of  Other  Societies. — Pro- 
posals have  been  made  that  the  other  national  engineering 
societies  appoint  committees  to  take  up  similar  work  for 
those  societies.  In  case  such  committees  are  formed  it 
will  be  the  duty  of  the  committee  on  development  of  the 
American  Society  of  Civil  Engineers  to  co-operate  with 
these  committees  on  subjects  of  common  interest.  The 
committee  may  also  find  it  desirable  to  confer  with  rep- 
resentatives of  local  engineering  societies  over  the  coun- 
try concerning  the  relations  which  the  American  Society 
of  Civil  Engineers  and  its  local  associations  should  bear 
to  these  local  societies.  It  would  appear  that  much  may 
be  accomplished  through  conferences  with  both  national 
and  local  organizations. 

Committee  Procedure. — The  committee  is  so  large  and 
.  so  widely  distributed  over  the  country  that  its  work  may 
best  be  done  partly  by  correspondence  and  written  discus- 
sion, partly  through  sub-committees,  and  partly  at  meet- 
ings of  the  whole  committee:  To  ensure  that  adequate 
progress  be  made  at  the  first  meeting  of  the  committee,  it 
is  important  that  preliminary  work  be  done  in  advance  of 
the  meeting.  This  may  well  cover  matters  relating  to  the 
field  of  work,  to  the  organization  of  the  committee,  and 
to  proposals  for  the  committee's  consideration.  At  the 
first  meeting,  which  will  be  called  by  the  chairman,  the 
organization  and  program  of  work  may  be  completed  and 
questions  formulated  on  which  it  is  desired  to  have  prelim- 
inary discussions  by  the  society.  For  the  preliminary  re- 
port requested  for  Nov.  1,  1918,  the  committee  can  hardly 
expect  to  do  much  more  than  record  a  program  of  work, 
propose  questions  on  which  the  views  of  the  membership 
are  desired,  and  submit  topifs  for  discussion.  Before  the 
time  of  another  meeting,  which  possibly  may  well  be  held 
at  about  the  time  of  the  annual  meeting  of  the  society  in 
January  next,  progress  in  the  work  will  have  been  made, 


and  it  may  be  expected  that  much  will  be  accomplished  at 
this  second  meeting. 

In  its  work  the  committee  will  doubtless  make  a  study 
of  the  engineering  society  organizations  of  this  and  other 
countries  and  of  professional  and  scientific  organizations 
of  various  kinds.  Information  concerning  the  society  and 
its  work  may  be  obtained  from  the  secretary  of  the  so- 
ciety. 

The  method  adopted  for  selecting  the  committee  gives  a 
wide  geographical  distribution  and  an  opportunity  for  the 
representation  of  local  views.  It  has  the  advantages  of 
giving  a  channel  by  which  discussions  of  the  problems  at 
meetings  of  the  local  associations  of  members  may  reach 
the  committee,  and  it  is  hoped  that  the  local  associations 
will  be  helpful  in  the  work.  It  will  be  borne  in  mind,  of 
course,  that  the  committee  is  a  committee  of  the  whole 
society,  and  it  is  expected  that  it  will  give  careful  and  im- 
partial attention  to  the  interests  of  every  part  of  the  so- 
ciety. The  method  of  selection  used  should  not  be  taken 
to  mean  that  members  of  the  committee  are  delegates  of 
the  local  associations  of  members;  and  it  also  may  be 
noted  that  the  three  geographical  districts  of  the  society 
which  do  not  have  local  associations  of  members  have 
much  less  than  a  proportionate  representation  on  the  com- 
mittee. Necessarily  proposals  for  new  activities  and  for 
modification  of  old  ones  must  take  into  consideration  the 
financial  resources  of  the  society,  and  the  financial  side 
of  all  questions  of  course  will  receiye  the  careful  attention 
of  the  committee.  The  questions  before  the  committee  are 
the  broad  questions  of  policy,-  and  personality  will  not 
enter  into  their  discussion.  With  a  variety  of  points  of 
view  and  with  the  opportunity  for  widespread  consideration 
of  the  proposals  of  the  committee,  it  may  be  confidently 
expected  that  the  final  report  of  the  committee  will  re- 
ceive substantial  approval  from  the  society. 

The  committee  has  a  great  opportunity  to  be  of  service 
to  the  American  Society  of  Civil  Engineers  and  its  mem- 
bership. It  is  hoped  and  believed  that  the  work  of  the 
committee  will  have  significant  and  far-reaching  results 
in  the  development  of  the  society  and  the  usefulness  of 
the   profession   of  engineering. 


Aerial  Cableways  Handle  Plates  at  Ship- 
yards 

Aerial  tramways,  states  the  Emergency  Fleet  News,  are 
being  used  for  handling  plates  and  other  ship  material  by 
several  shipyards  on  the  Pacific  Coast.  The  system  is  an 
adaptation  of  the  aerial  tramway  systems  in  common  use  in 
mining  and  quarry  work.  In  the  Pacific  Coast  Shipbuilding 
Co.  yard,  the  masts  are  110  ft.  high  from  the  ground  surface, 
and  a  sag  of  22  ft.  is  permitted  in  the  center  of  the  cable- 
way.  Each  slip  has  two  of  these  aerials,  parallel  to  and  im- 
mediately over  the  side  of  the  ship.  There  are  two  hoists 
or  hooks  to  a  ship,  and  in  handling  heavy  material  both 
hooks  can  be  joined,  the  capacity  thus  being  doubled.  It 
also  is  possible  to  swing  the  material  into  any  part  of  the 
ship  beyond  the  line  of  the  perpendicular  of  the  aerial. 
There  is  a  single  anchorage  for  both  materials  of  each  slip 
at  the  head  and  at  the  water  side.  This  is  a  concrete  block  19 
ft.  square  and  9  ft.  deep,  buried  in  the  earth.  In  this  are 
embedded  solid  2-in.  rods,  to  which  the  1%-in.  wire  cables 
are  fastened,  provision  being  made  for  taking  up  the  stretch 
in  the  line  by  U-bolts.  The  outboard  anchorages  are  formed 
of  a  cluster  of  a  dozen  piles  driven  to  refusal  and  later 
blocked  solidly,  peace-piled  and  bolter  together.  The  wire 
cable  is  wrapped  securely  around  this  dolphin.  At  the  feet 
of  the  inshore  masts  are  placed  the  hoisting  engines,  oper- 
ated by  electricity.  The  cables  run  vertically  to  the  heads 
of  the  inshore  masts  through  sheaves  at  this  point,  and 
hoisting  and  cable  travel  is  entirely  controlled  from  here. 
Material  is  picked  up  from  in  front  of  the  plate  shop,  where 
the  fitting-out  space  is  situated,  and  carried  to  the  way  with- 
out rehandling. 


Seventy-four  Ships  from  American  Yards  in  September. — 

.•\merican  shipyards  launched  4.5  steel  ships  and  29  wooden 
ships  'during  September.  The  total  deadweight  tonnage  was 
362.000,  as   compared   with   339,000  in  August. 
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Method     of      Buildinj^     Concrete 

Barges  at  Yard  of  Aberthaw 

Construction  Co. 

The  Aberthaw  I'onstrULtlon  Co.  o(  lIuMtuii.  .Mus^.,  which 
recently  established  a  shipyard  at  Fields  Point,  R.  I..  Is 
now  engaged  in  the  construction  of  odO-ton  concrete 
lighters. 

The  system  employed  at  this  yard,  which  difters  In  some 
ways  from  what  has  hitherto  been  common  practice,  re- 
quires the  use  of  an  extremely  high-grade  l>ehigh  Portland 


than  Vj  hour  before  contiiiiiiiit;  to  concrete.  When  a 
definite  joint  is  provided  Aberthaw  practice  requires  the 
surface  to  be  carefully  picked  to  remove  all  laiiance, 
washed  thoroughly  clean  and  painted  with  a  coat  of  grout 
made  of  neat  cement  and  water  mixed  to  the  consistency  of 
cream.  Tare  is  taken  that  the  concreting  proceeds  before 
the  grout  gets  its  initial  set. 

The  forms  are  'made  up  in  panels,  every  precaution  be- 
ing taken  to  insure  a  smooth,  true.  Impervious  surface  on 
the  outside,  the  exact  dimensions  given  being  rigidly  ad- 
hered to  as  the  small  sectlon.s  and  high  stresses  used  might 
be  productive  of  serious  results  In  the  event  of  any  devia- 
tion from  the  required  concrete  sizes.     The  panels  are  sur- 


ADerthaw    Snipyard    at    Fields    Point, 


cement  ground  so  that  90  per  cent  will  pass  a  No.  200  sieve. 
The  sand  is  either  broken  or  clean  bank  gravel,  well 
washed  and  graded  ranging  In  size  from  ',^  to  %  in.,  while 
the  aggregate  is  of  such  a  size  that  it  will  pass  a  %-in. 
ring.  Great  care  is  taken  in  the  selection  and  grading  of 
the  aggregates,  the  maintenance  of  a  rich  mixture,  the 
avoiding  of  an  excess  of  water:  and.  perhaps,  what  is  of 
the  most  importance,  all  batches  are  mixed  for  not  less 
than  2  minutes  after  all  the  material  is  in  the  mixer.  In 
mixing,  the  stone  and  a  portion  of  the  water  is  placed  in 
the  mixer  first  which  is  turned  over  sutUclently  to  scour 
the  sand  clean;  the  remainder  of  the  aggregate,  cement 
and  water  then  being  added.  In  order  to  obtain  best  re- 
sults It  has  been  found  thai  the  amount  of  water  required 
is  9  per  cent  by  weight  of  the  cement  and  agRreKates. 

The  concrete  is  mixed  in  a  motor-driven  4-bag  Ransome 
mixer  with  side  loader  for  charging  and  is  spouted  from 
I  he  tower  hopper  by  means  of  a  short  section  of  chute  to 
a  distributing  point  to  buggies  or  wheelbarrows  at  the  end 
of  the  boat  at  deck  level.  From  this  point  it  is  wheeled 
along  staging  at  deck  level  to  points  where  the  |)laclng 
gang  Is  working,  whence  it  runs  through  a  short  chute  to 
a  mortar  box  at  the  level  of  the  placing  gang  and  is  shov- 
eled into  place  In  the  forms.  In  no  case  is  the  concrete 
poured  through  a  height  of  wall  more  than  3  ft. 

Concreting  proceeds  continuously  from  the  point  at  which 
it  starts  working  constantly  around  the  edges  of  material 
already  deposited  so  that  in  no  case  does  any  section  of 
concrete    stand,    whether    In    the    wall    or    floor,    for    more 


faced  with  a  lovering  of  galvanized  iron,  the  metal  sheets 
being  butt-pointed  and  tacked  in  position  with  the  metal 
stopping  exactly  at  the  edges  of  the  panel.  Both  inside 
and  outside  panels  or  forms  are  made  of  sound  air-dried 
lumber  with  extra  cleating  to  prevent  warping  and  twist- 
ing and  to  provide  a  smooth  tight  surface.  The  surface  of 
all  exposed  woodwork  is  painted  with  one  coat  of  boiled 
linseed  oil  as  soon  as  the  panels  are  made  up.  in  order  to 
make  them  as  impervious  to  weather  conditions  as  possi- 
ble. 

The  erection  of  forms  proceeds  as  follows:  Starting 
with  the  sleepers  8  In.  or  12  In.  x  6  in.  firmly  tamped  into 
place  and  providing  a  beiiring  value  of  four  tons  per  square 
foot  the  posts  and  girts  are  erected,  carefully  trued  and  lev- 
eled. These  are  followed  by  the  joists,  floor  panels  and  wall 
panels  in  the  order  named,  the  wall  panels  being  strongly 
braced  so  that  they  will  maintain  a  position  exactly  cor- 
responding to  the  outline  intended  for  the  boat.  The  next 
step  Is  to  place  In  proper  position  the  bolts,  wooden  wash- 
ers and  the  C.  I.  spacers  ready  to  receive  U>e  reinforcing 
steel,  after  which  the  curved  wooden  fillet  at  the  outside 
bilge  curve  is  placed.  The  inside  supporting  floor  forms 
and  the  floor  beams  sides  are  erected  next,  followed  by  the 
placing  of  the  Inside  face  of  walls,  bulkhead  walls  and  pilas- 
ters. Throughout  the  erection  of  the  forms  a  variation 
from  level  of  more  than   v;   In.  Is  not  allowed. 

All  of  the  steel  used  for  reinforcing  is  of  mild  structural 
grade,  that  used  for  the  longitudinal  girders  being  in  one 
continuous  length,  butt-welded  where  necessary,  care  being 
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taken  that  the  welds  are  staggered,  so  that  no  two  welds 
are  within  40  in.  of  each  other.  The  bars  for  the  trans- 
verse frames  are  made  continuous  in  like  manner.  All  in- 
tersections  of   bars   are   fastened    with   soft   annealed    wire 
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Plan,    Elevation   and   Cross   Section   of  500- Ton    Concrete    Lighter. 

wrapped    around    them    and    tightly    twisted.     No    steel    is 
placed  nearer  to  the  surface  than  one  inch. 

The  outside  shell  and  deck  are  3  in.  thick  and  are  rein- 
forced with  round  deformed  bars  of  the  Corrugated  or  Have- 
meyer  type.  The  bottom  slab  and  frame  are  designed  to 
carry  an  upward  pressure  of  water  equal  to  a  head  of  11  ft. 
6  in.  and  the  side  walls  and  frames  are  designed  on  the  as- 
sumption that  the  water  might  be  flush  with  the  deck.  The 
sides  and  the  bottom  are  painted  on  the  outside  for  greater 


Interior    View    of   Concrete    Barge. 

impermeability,  the  bottom  on  the  inside  being  flowed  level 
with  a  rich  mixture.     The  decks  are  granolithic  finish. 

The  time  r^uired  for  the  setting  of  wall  panels  is  a  trifle 
over  a  week,  the  floor  and  deck  panels  requiring  not  less 
than  two  weeks  after  the  concrete  is  poured.  Each  barge 
requires  500  bbl.  of  cement,  75  cu.  yd.  of  sand  and  130  cu. 
yd.  of  %-in.  stone,  together  with  approximately  44  tons  of 
reinforcing  rods  ranging  in  size  from  %-in.  to  1%-in. 

The  lighters  now  under  construction  are  112  ft.  over  all, 
with  34-ft.  beam  and  11  ft.  6  in.  in  depth.  The  draft  empty 
is  3  ft.  9  in.  and  fully  loaded  9  ft. 


The  general  shape  of  the  barge  is  that  of  a  rectangular 
box  with  the  bottom  sloping  upward  at  each  end  and  the 
corner  formed  by  the  junction  of  the  sides  and  bottom 
rounded  off  to  a  6-in.  radius.  Four  transverse  and  two 
longitudinal  bulkheads  divide  the  lighter  into  fifteen  water- 
tight compartments  of  approximately  equal  cubical  capacity. 

The  deck  of  the  lighter,  which  is  without  camber,  is  de- 
signed for  carrying  coal  or  a  similar  cargo  and  is  con- 
structed to  take  a  uniformly  distributed  live  load  of  500  lb. 
per  square  foot,  while  the  compartments  themselves  are 
well  adapted  for  handling  fuel  oil.  Each  of  the  fifteen  com- 
partments is  fitted  with  a  hatch  set  in  an  iron  frame  fur- 
nished with  rubber  gasket  and  suitable  provision  for  bat- 
tening down.  To  assist  in  holding  the  deck  load  a  timber 
bulkhead  is  built  enclosing  an  area  90  ft.  by  30  ft.  The  side 
bulkheads  are  2  ft.  high  and  end  walls  5  ft.  in  height. 

The  barges  are  fitted  with  cast  iron  chocks,  cleats  and 
bollards;  the  majority  of  the  balance  of  the  hardware  used 
being  galvanized.  Bitts  and  fenders  are  of  oak,  the  re- 
mainder of  the  woodwork  being  hard  or  long-leaf  yellow 
pine,  dressed  on  four  sides. 


New  Lathe  Will  Handle  Masts 
100  Ft.  in  Length 

The  Traylor  Shipbuilding  Corporation.  Cornwells  Heights, 
Pa.,  has  in  operation  in  its  yard  a  mast  turning  lathe  that 
is  one  of  the  new  developments  in  shipbuilding  since  the 
Emergency  Fleet  Corporation  was  created.  Formerly  the 
making  of  masts  was  a  long  and  laborious  operation  fit 
for  the  best  work  of  especially  skilled  men.  The  machine, 
according  to  the  Emergency  Fleet  News,  will  handle  tim- 
bers for  a  mast  up  to  100  ft.  long  and  3  ft.  in  diameter.  The 
timber,  after. being  centered  and  set  up  in  the  machine, 
which  usually  requires  about  half  a  day,  is  revolved  at  a 
speed  of  50  revolutions  per  minute,  by  means  of  an  elec- 
tric motor,  thus  coming  in  contact  with  the  cutter  head, 
which  is  mounted  on  a  carriage  attached  to  the  motor,  and 
set  at  right  angles  to  the  mast.  The  cutter  head  revolves 
at  a  speed  of  700  revolutions  per  minute.  In  this  head  are 
three  hooked  knives,  which  cut  the  material  from  the  mast. 

The  carriage  is  propelled  by  a  wire  rope  on  a  gypsy 
head,  which  also  is  run  by  a  motor,  the  feed  of  the  car- 
riage being  practically  the  same  as  on  an  old-fashioned 
saw-mill. 

When  a  mast  Is  extra  long  and  sags  in  the  middle,  it  is 
necessary  to  put  a  steady  rest  at  the  point  where  the  sag 
is  greatest,  thereby  making  the  timber  run  true.  To  get 
the  shape  of  the  mast;  that  is,  the  taper  at  the  top,  it  is 
necessary  to  set  a  rail  which  is  bolted  down  to  the  bed 
of  the  machine  and  bent  in  exact  position  as  the  profits 
of  the  mast  which  is  to  be  cut.  On  this  rail  runs  a  shoe, 
controlling  the  cross  movement  of  the  carriage.  If  the 
rail  is  set  away  from  the  machine,  it  pulls  the  carriage 
closer  to  the  center  of  the  mast.  If  it  is  set  nearer  it 
moves  the  carriage  further  away.  The  machine  is  very 
simple  in  operation,  requiring  the  attention  of  only  one 
man  at  the  cutter  head  and  another  as  a  helper  to  assist 
in   making   adjustments. 


4,000  Ton  Wood  Ship  Built  in  17^  Days 

The  Grays  Harbor  Motor  Ship  Corporation  of  Aberdeen. 
Wash.,  on  Sept.  28  launched  a  4,000  deadweight  ton  wood 
ship  that  had  been  built  in  17%  working  days.  The  ship 
was  delivered  to  the  U.  S.  Shipping  Board  and  accepted 
tor  service  on  Oct.  6,  24  working  days  after  the  hull  was 
placed.  The  keel  was  placed  on  Sept.  9  and  the  steamer 
entered  the  water  with  hull  and  superstructure  95.7  per 
cent  complete  and  engine  installation  40  per  cent  com- 
plete. The  boat  is  a  twin  screw  steamer,  290  ft.  over  all, 
49-ft.  beam,  with  a  molded  depth  of  2S.2  ft.  It  was  designed 
by  M.  R.  Ward,  plant  manager,  and  adopted  by  the  U.  S. 
Shipping  Board.  The  boat  has  triple  expansion,  inverted 
cylinder  type  engines  designed  to  give  a  load  speed  of  10 
knots  per  hour. 
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The   Objects  of  Structural   Engi- 
neering Courses* 

lly  HKNRY  .1.  UIKT. 
StnirUiriil  i:iit:lM.-.r.  riilratji. 

In  this  land,  where  educatlun  is  a  public  function,  the 
welfare  of  the  coniinonwealtli  has  first  claim  to  consid- 
eration In  the  objects  to  be  attained.  The  selHsh  interests 
of  the  student  must  be  subordinate.  If  success  be  consid- 
ered works  accomplished  rather  than  financial  gain,  the 
Interest  of  the  state  and  the  interest  of  the  student  may 
be  considered  identical.  The  man  should  be  trained  to 
be  a  constructor,  rather  than  a  contractor;  to  be  an  econo- 
mist of  materials  and  labor  rather  than  an  economist  of 
money ;  to  conserve  or  make  useful  material  resources 
rather  than  to  consume  them.  These  consideration  are 
very  general,  but  should  be  in  mind  while  specifying  the 
training  to  be  given  in   structural  engineering. 

Structural  engineering  is  here  considered  as  a  part  of  the 
broad  profession  of  civil  engineering.  .Although  its  impor- 
tance is  growing  rapidly  in  relation  to  the  other  branches 
of  civil  engineering,  it  has  not  yet  become  recognized  as 
a  distinct  and  separate  profession.  It  follows  that  the 
structural  courses  must  be  a  part  of  any  complete  cur- 
riculum of  civil  engineering.  So  far  as  the  writer  is  in- 
formed, it  is  so  recognized  in  all  engineering  colleges. 

.\  broad  definition  of  structural  engineering  makes  it  in- 
clude all  static  structures  whose  designs  are  based  on 
scientific  principles  and  mathematical  calculations.  It  in- 
volves the  relation  of  load  to  strength,  or  stress  to  strain. 
There  is  practically  no  engineering  design  that  does  not  in- 
volve the  principles  and  calculations  of  structural  engineer- 
ing. This  being  so.  it  is  evident  that  structural  engineer- 
should  form  an  important  part  in  the  study  of  civil  engi- 
neering. 

The  proportion  of  the  time  which  should  be  devoted  to 
this  subject  is  not  easy  to  determine.  Perhaps  the  mini- 
mum that  should  be  considered  is  that  required  for  the 
study  of  mechanics  of  materials,  physical  properties  of 
materials,  and  static  stresse.-;.  At  the  other  extreme  would 
be  the  time  required  in  curricula  when  electives  are  al- 
lowed and  the  student  chooses  subjects  in  structural  de- 
sign  as  his   major  courses. 

The  purpose  of  most  students  in  engineering  is  to  pre- 
pare for  the  practice  of  the  profession  as  a  means  of  live- 
lihood. If  left  to  their  own  guidance,  they  would  likely 
select  the  subjects  that  promise  the  earliest  results,  i.  e.. 
get  them  into  remunerative  employment  at  the  earliest 
practicable  date.  This  would  lead  to  the  study  of  the  prac- 
tice of  engineering  rather  than  the  science  on  which  that 
practice  is  based.  In  a  few  years  the  man  would  find 
that  he  was  practicing  the  art  of  engineering  rather  than 
the  science:  that  he  had  become  an  artisan  rather  than 
a   professional  engineer. 

Such  a  result  as  described  above  does  not  represent  the 
best  development  of  the  student,  so  he  must  he  guided 
Into  a  better  channel.  He  is  entitled  to  such  training  that 
he  can  secure  employment  in  engineerig  work,  but  he  is 
not  entitled,  nor  is  it  to  his  interest,  to  be  so  trained  that 
he  can  .secure  an  advanced  position  in  practical  work,  but 
be  lacking  in  the  foundations  from  which  he  can  build  a 
professional  rather  than   a   craftsman's   career. 

In  spite  of  good  resolutions  made  at  the  time  of  gradua- 
tion, this  natural  tendency  is  to  neglect  scientific  studies. 
Very  few  young  engineers  after  graduation  give  any  time 
to  advancing  their  knowledge  of  the  theory  of  engineering 
except  when  forced  to  do  so  by  the  problems  confronting 
them.  The  less  they  know  of  .scientific  principles,  the  less 
likely  they  are  to  pursue  the  study  of  them  after  leaving 
school. 

Recognizing  the  inability  of  the  student  to  be  his  own 
guide  during  college  days,  and  recognizing  his  tendency 
to  neglect  scientific  study  after  graduation,  it  devolves  on 
the  teachers  not  only  to  prescribe  the  studies  to  be  pur- 
sued during  the  college  period,  but  to  so  train  the  student 
that  he  will  continue  in  a   progressive  channel — all  this  to 


the  end  of  securing  the  best  ultimate  result  rather  than 
<arly    but    limited   success. 

The  foregoing  discussion  indicates  the  desired  prepon- 
derance of  training  In  the  science  of  design.  The  purpose 
of  this  training  Is  twofold:  (a)  To  store  in  the  brain  the 
fundamental  principles  involved  so  that  they  will  always 
be  ready  for  reference.  This  should  be  done  as  thoroughly 
as  the  implanting  of  numbers  and  letters  is  done  in  child- 
hood, (b)  To  develop  in  the  mind  the  powers  of  analysis, 
synthesis,  observation,  imagination  and  logic,  so  that  the 
man   will  always   be  a  student. 

Some  work  in  the  art  of  design  is  necessary  to  illustrate 
the  principles  involved.  It  should  be  done  more  with  this 
purpose  than  for  the  purpose  of  training  a  craftsman.  The 
latter  feature  cannot  be  wholly  disregarded  for  the  man 
must  be  equipped  with  enough  practical  skill  to  make  him 
useful  and  enable  him  to  start  in  the  practice  of  his  pro- 
fession. But  he  must  depend  on  his  experience  after  leav-. 
ing  college  to  assemble  in  his  storehouse  the  information, 
and  to  acquire  by  practice  the  skill  that  will  ultimately 
make  him  a  success  in  his  profession. 


Cost  of  Concrete  Vault  for  Electric  Cable 
System 

By  H.  R.  FERRISS. 
The   following  costs   cover   the   labor   and   material   used 
in  the  construction  of  a  concrete  vault    (manhole)   several 
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of  which  were  built  in  con- 
nection with  an  electric  street 
lighting  system.  The  record 
was  carefully  kept  and  as  the 
design  is  standard  in  several 
cities  in  the  United  States,  the 
information  may  be  useful  for 
purposes  of  comparison. 

The  work  was  done  in  1911 
and  the  rates  were  those  pre- 
vailing in  the  Pacific  Coast 
city  at  that  time.  They  are 
interesting  in  comparison  with 
the  rates  prevailing  at  the 
present  time  for  similar  work: 


Concrete   Vault   for    Elect 
Cables. 

LuABOR. 

Rate. 
Classification.  Hours,  ct.  Cost 

Excav.  and  back-fill  for  sewer  drain. 64     32 

Excavation  for  vault  (33  cu.  yd.) 92     32 

•Team  remove  excess  dirt    (25  cu.  yd.). 10     75 

H.ick-fill.    indudinK   puddling,    etc 20     32 

Electing  and    removing    forms    26     50 

Place   reinforcement,    etc 4     50 

.Mix   and   place   concrete   50     35 

Einishins;  walls,   etc 

Build  barricades,  watchman,  etc..  .. 
I'ro.    charge    for    foreman    and    over- 
head   (estimated)    


Unit  cost 
per  cu.  yd. 

J20..i0     J1.28  earth 

29.45         .90  earth 

7.50        .30  earth 

6.40       1.00  earth 

13.00  1 

2.00  }    2.25  concrete 
17.50  J 
62H     3.75 
30         2.10 


—       10.00 


Total     $112.20 

.M.VTERIALS. 

„                 „  ,                                                                              Rate.  Cost. 

Cement,  12  bbl )  2.05  }24.60 

.Sand.    .")    cu.    yd 1.30  6.50 

Gravel.   10  cu.   yd 1.30  13.00 

Lumber  (charge  one-fourth).  720  ft.  B.  M 13.00  2.SB 

■4-in.  .sewer  pipe,  24  lin.  ft 12  2  88 

l"   trap.    1    90  .90 

1  "over.    1     20.00  20.00 

Reinforcing  mesh,  "I"  beams,  hangers,  etc.  (bought 

second    hand)    9.00 

J79.23 

•Hauled  one-third  mile  in  dump  wagon. 

All   excavation  was   in   stiff,  white  clay — no  water.  The 
vault  was  8  ft.  square  and  8>^  ft.  deep,     (^osts  of  materials 

include   delivery      The   concrete   was   in    1:3:5  mix.  Wire 
mesh  reinforcement  was  used  in  the  walls,  floor  and  roof. 


•From  Bulletin  Society  for  Promotion  of  Engineering  Education. 


South  Africa  Proposes  Erection  of  Grain  Elevators. — The 
Government  of  the  I'nion  of  South  .\frica  proposes  to  adopt 
the  elevator  system  for  handling  grain  and  has  invited  ap- 
plications from  consulting  engineers  experienced  in  work 
of  this  kind.  The  man  selected  will  be  required  to  visit 
South  Africa  to  advise  the  government.  Applications, 
stating  terms,  etc..  should  be  sent  to  the  High  Commis- 
sioner for  the  I'nion  of  South  .Africa.  32  Victoria  St..  Lon- 
don. S.  \V..  Kngland. 
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Cableway  with  Equalizing  Girder  Trans- 
ports  Material   for  Erection   of 
Kettle  Rapids  Bridge 

A  cableway  provided  with  a  triangular  equalizing  girder 
gave  excellent  service  in  transporting  materials  and  in 
erection  of  steelwork  for  the  Kettle  Rapids  Bridge  of  the 
Hudson  Bay  Ry.  This  bridge  is  a  continuous  structure 
1,000  ft.  long,  consisting  of  a  400-ft.  channel  span  and  two 
side  spans  each  of  300  ft.     The  trusses  or  main  girders  are 


vided  for  loading  cables  equally.  Details  of  this  equalizer 
are  shown  in  Fig.  1.  The  cableway  was  designed  for  a  live 
load  of  14  tons,  the  weight  of  the  heaviest  pieces  to  be 
transported.  The  Kettle  Rapids  Bridge  was  designed  by 
Mr.  W.  Chase  Thomson,  Consulting  Engineer,  Montreal, 
Que.  The  superstructure  was  fabricated  and  erected  by 
the   Canadian  Bridge  Co.,   Ltd. 


Accidents  in  Building  Industry 

statistics    of   the   Industrial   Board   of   Illinois    show    that 
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Fig.     1 — Details    of     Equalizing     Girder     Used     on     Cableways    In    Erection    of    Kettle    Rapids    Bridge 
of  the  sub-divided  Warren  type,  50  ft.  deep  throughout,  24 
ft.  apart  center  to  center,   having  25-ft.   panels. 

The  double  cableway  was  erected  primarily  for  trans- 
porting to  the  opposite  side  of  the  river  the  materials  tor 
the  northern  half  of  the  bridge.  The  cables  were  sup- 
ported on  a  rocker  bent  40  ft.  high,  standing  on  the  top 
chords  of  the  southern  cantilever,  and  on  a  timber  tower  i20 


the  number  of  compensatable  accidents  in  building  work 
in  1915  was  the  second  highest  of  all  industries:  in  fatal 
accidents  it  tied  for  first  place;  in  the  cost  of  fatal  acci- 
dents it  was  first  by  quite  a  margin;  in  the  cost  of  non- 
fatal accidents  it  was  not  far  from  the  highest  and  nearly 
twice  the  cost  of  the  third  cause.  It  was  the  highest  in 
the  average  days'  disability  with  27.3  days  per  case.  The 
total  days'  disability  was  68,436.  Sixty  per  cent  of  the  non- 
fatal accidents  and  85  per  cent  of  the  fatal  accidents  were 
due  to  falls,  falling  objects  and  handling  materials — causes 
which  in  themselves  should  not  be  hazardous.  The  per- 
centage of  compensatable  accidents,  due  to  machinery  and 
equipment,  was  slightly  less  than  6  per  cent.  This  does 
not  include  accidents  due  to  hand  tools,  which  ran  5.6  per 
cent.  The  accidents  in  the  latter  cases,  ho'wever,  are 
largely  due  to  injuries  self-inflicted  or  by  fellow  workmen 
and  not  to  inherent  defects  in  the  tools  or  lack  of  proper 
safeguards. 

One  hundred  and  forty-eight  accidents  due  to  machinery 
and  equipment  resulted  in  disability  of  4,740  days.  The 
average  length  of  disability  for  each  individual  was  32  days, 
the  second  highest  average  of  accidents  from  any  source. 
The  average  cost  per  accident  of  all  sources  was  $77, 
whereas  the  average  cost  of  machinery  and  equipment  ac- 
cidents was  $116  higher  than  the  average  cost  from  any 
other  source. 


Fig.   2 — View    Showing    Cableway   with    Its    Equalizing    Girder. 

ft.  high  from  the  ground  surface,  located  behind  the  north 
abutment. 

The  span  of  the  cableway  was  611  ft.;  the  sag  under 
maximum  load  36  ft.:  and  the  horizontal  distance  of  the 
anchorages,  at  both  ends,  from  adjacent  support,  400  ft. 
A  triangular  equalizing  girder,  suspended  at  its  ends  from 
the  cables  and  having  a  lift  hook  at  the  center,  was  pro- 


New     Swedish     Company     to     Build     Concrete     Ships. — A 

Swedish  company — Aktiebolaget  Svenska  Betongverken 
•  Swedish  Concrete  Co.,  Ltd.) — is  being  organized  in  Stock- 
holm to  deal  in  concrete  moldings  and  ship  construction, 
but  its  main  object  is  the  construction  of  concrete  ships. 
Contracts  have  already  been  made  with  a  firm  for  the  de- 
livery of  the  necessary  machinery.  Twenty  ships  per  year 
is  the  calculated  maximum  construction  of  the  yard,  and  the 
first  ship  will  be  launched  in  about  six  months.  According 
to  the  Stockholm  press  the  new  company's  capitalization  is 
fixed  at  $536,000  minimum  and  $1,608,000  maximum. 
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Review  of  Stucco  Tests  of  Bureau 
of  Standards' 

Uy  J.  C.  FKAKSUN, 
r.  S  Hurciiu  of  Stuiidurd.s,  WashinKtoii.  l>.  C. 
The  Mrsl  stucco  tests  were  started  In  I'JU,  and  consisted 
of  small  panels  of  metal  lath,  the  majority  of  which  were 
covered  with  cement  and  lime  stucco  In  the  approximate 
proportions  of  S3  part  cement,  ;{  parts  sand,  and  %  part 
hydrated  lime,  by  volume.  These  panels  were  erected  pri- 
marily for  the  purpose  of  determining  the  effectiveness  of 
various  treatments  or  protective  coatings  of  the  metal 
itself  in  preventing  corrosion.  These  tests  (which  are  still 
In  progress!  have  demonstrated  conclusively  that  galvan- 
izing is  the  most  effective  treatment  of  metal  lath  for  Its 
preservation,  and  that  a  coating  of  asphalt  or  "dip"  offers 
a  sufllclent  degree  of  protection  to  the  metal  to  ensure  its 
satisfactory  durability  under  average  exposure  conditions. 
Many  of  the  painted  or  dipped  lath  panels  are  still  In  ex- 
cellent condition  after  nearly  seven  years'  exposure,  not- 
withstanding the  fact  that  the  metal  is  exposed  on  the 
Inside  and  the  construction  not  entirely  weatherproof.  Per- 
haps the  most  Important  lesson  from  these  original  tests, 
especially  in  view  of  later  experience,  was  that  corrosion 
of  metal  lath  Is  one  of  the  minor  obstacles  to  the  develop- 
ment  of  a  successful   stucco. 

The  tests  made  in  1915  were  carried  out  on  a  large  scale 
under  conditions  that  similate  actual  construction.  The 
test  panels  were  large  enough  to  contain  window  or  door 
openings,  and  to  allow  the  plasterer  the  same  freedom 
of  action  that  he  would  have  on  a  regular  wall.  Regard- 
less of  the  distribution  of  stuccos,  the  concrete  panels  as 
a  group  have  the  highest  rating,  the  plaster  board  panels 
the  lowest.  In  these  tests,  the  back-plastered  metal  lath 
panels  probably  take  second  place,  and  the  gypsum  block 
panels  are  near  the   bottom   of  the  list. 

Method  of  Finishing  Cause  of  Cracking, — There  were 
certain  outstanding  facts  which  furnished  suggestions  for 
future  work.  In  the  first  place  there  was  evidence  that 
the  prevalence  of  craze  and  map  cracking  on  most  of  the 
IStl.'i  panels  was  due  to  the  method  of  finishing.  It  has 
been  specified  that  a  sand  float  finish  should  be  used,  and 
that  this  finish  should  be  given  in  the  shortest  possible 
time  after  laying  on  the  finish  coat.  The  purpose  of  this 
was  to  avoid  disturbing  the  so-called  initial  set  of  the 
cement.  In  consequence  the  very  great  majority  of  the 
panels  were  floated  when  too  soft,  which  resulted  in  bring- 
ing to  the  surface  a  rich  mixture  of  cement  or  cement  and 
lime,  subject  to  high  shrinkage  upon  drying  out.  We  be- 
lieve now  that  this  accounted  largely  for  the  general  and 
early  appearance  of  fine  cracks  on  most  of  the  panels, 
with  some  contribution  also  from  the  use  of  too  rich  mix- 
tures. 

Cracks  Resulting  from  Shrinkage  of  Sheathing. — Another 
pfciiliarity  that  iiiipresscil  ilsdf  ui)iiii  us  was  the  appear- 
ance of  large  and  prominent  cracks  on  all  the  panels  over 
diagonal  sheathing.  These  cracks  invariably  first  appeared 
off  the  corners  of  the  windows  and  running  across  the  di- 
rection of  the  sheathing,  and  there  is  no  question  that  they 
were  brought  into  prominence,  if  not  actually  produced, 
by  the  shrinkage  of  the  sheathing.  The  fact  that  these 
characteristic  cracks  did  not  appear  on  the  back-plastered 
panels,  and  that  the  latter  were  largely  free  from  promi- 
nent cracks,  resulted  in  a  higher  rating  for  this  group  than 
for  the  metal  lath  panels  over  sheathing. 

Weak  Base  Common  Cause  of  Stucco  Failure. — One  other 
consistent  development  in  these  191.'  panels  Is  of  special 
importance,  viz:  It  was  noted  that  the  stuccos  on  the 
plaster  board  and  gypsum  block  panels  and  on  the  mono- 
lithic concrete  panel  coated  with  bituminous  waterproof- 
ing were  in  poor  condition,  especially  after  they  had  passed 
through  the  second  winter.  All  of  these  were  stuccoed 
with  the  standard  mixture  of  1  part  cement.  1  10  part  hy- 
drated lime  and  .■?  parts  sand,  with  only  slight  modifications 
In  the  method  of  applying.  The  results  obtained  on  these 
panels  Indicate,  not  that  this  stucco  is  bad.  but  that  the 
combination  of  this  stucco  and  a  weak  base  is  bad.     Field 


observations  which  I  had  an  opportunity  to  make  last  year 
detnonstrated  this  fact  conclusively,  that  a  strong  cement 
stucco  on  a  weak  base  Is  a  common  cause  of  stucco  fail- 
ure, and  in  practice  this  seems  to  occur  most  frequently 
in  the  application  of  brown  and  finish  coats  much  higher 
In  cement  than  the  scratch  coat,  which  logically  should  be 
the  strongest  portion  of  the  stucco.  The  explanation  of 
this  failure  must  be  sought  In  the  well-known  shrinkage 
of  cement  mortar  upon  drying  out.  and  in  the  subsequent 
movements  caused  chiefly  by  varying  moisture  conditions. 
The  1916  Tests.-  In  laying  out  the  program  for  the  sec- 
ond year's  work  it  was  found  most  feasible  to  erect  a  sort 
of  monitor  or  penthouse,  providing  22  additional  panels, 
on  the  roof  of  the  original  building.  This,  of  course,  pre- 
cluded all  but  frame  construction.  The  back-plastered 
panels  had  shown  up  so  well  In  191.",  that  It  was  decided 
to  include  a  larger  i)roportlon  of  these  in  the  new  layout, 
and  only  one-half  the  monitor  or  annex,  as  it  is  more  com- 
monly called,  was  sheathed.  To  minimize  the  shrinkage 
effects  6-ln.  diagonal  sheathing  was  used,  alternating  In 
direction  on  adjacent  panels.  It  was  decided  also  to  change 
the  method  of  finishing,  partly  in  the  use  of  less  water  on 
the  under  coats,  and  partly  in  waiting  for  the  stiffening 
of  the  finish  coat  to  develop  before  finally  floating.  This 
procedure,  together  with  the  use  of  a  number  of  leaner 
mixtures,  was  adopted  in  the  hope  that  craze  and  map 
cracks  would  be  largely  overcome.  .-^  number  of  special 
features  were  also  included  in  the  construction  of  certain 
panels  with  a  view  to  minimizing  the  effects  of  movement 
of  the  wood  frame. 

Deductions  from  1916  Tests.— The  deductions  from  the 
1916   tests   may   be   summarized  as   follows: 

1.  Diagonal  sheathing  of  unseasoned  wood  is  apparently 
an  unsatisfactory  backing  for  stucco.  With  only  unsea- 
soned wood  available  horizontal  sheathing  would  appear 
to  better  construction,  provided  sufficient  bracing  of  the 
wood   frame  is  assured. 

2.  Back-plastered  construction  appears  to  be  best  for 
frame  structures,  so  far  as  the  integrity  of  the  stucco  is 
concerned.  This  carries  with  it.  however,  a  need  for 
fuller  information  regarding"  the  insulating  qualities  of 
walls  so  constructed, 

3.  Lean  mixtures  promise  better  cement  stuccos.  pro- 
vided the  necessary  plasticity  and  density  can  be  main- 
tained by  proper  grading  of  the  aggregate. 

4.  There  is  still  need  of  further  information  as  to  the 
value  of  wood  lath  and  high  lime  stuccos.  To  date  the 
tests  indicate  that  wood  lath  is  not  as  satisfactory  as  metal 
lath,  and  there  is  no  conclusive  evidence  that  a  modem 
hydrated  lime  stucco  will  endure  satisfactorily  in  severe 
climates. 


Ship  Ends  Trial  Run  8  Days  After  Launch. —  .A  record  for 
speedy  completion  of  a  vessel  after  launching  has  been 
made  by  the  Fore  River  plant  of  the  Bethlehem  Shipbuild- 
ing Corporation,  Quincy,  Mass.  The  steamer  "W.  L.  Steel," 
9.10"  deadweight  tons,  was  launched  Sept.  2  and  had  fin- 
ished its  trial  run  and  was  ready  for  delivery  on  Sept  10. 
The  actual  time  that  elapsed  between  the  launching  of  the 
vessel  and  the  completion  of  her  succt-ssful  trial  run  was 
S  days  and  9^4  hours,  beating  by  nearly  two  days  the  best 
pievious  record  reported,  that  of  the  "Tuckahoe."  built  by 
the  New  York  Shipbuilding  Corporation  and  completed 
within    10  days   after   launching. 

Ship  Riveters  on  Piece  Work  Making  $100  Weekly.— Rivet- 
ers at  the  plant  of  the  Submarine  Boat  Corporation,  accord- 
ing to  Speed  Vp.  the  official  publication  of  the  yard,  are  com- 
monly earning  around  $100  a  week.  In  three  days  recently 
one  of  the  star  riveters  drove  2,:!75  flush  rivets  In  a  shell, 
earning  $172. t;9  for  the  gang,  of  which  he  received  $75. .i9. 
On  one  Sunday,  another  crew  drove  enough  rivets  to  earn 
$101.  Still  others  earned,  respectively.  $87,  $72. ."i2,  $70.84, 
$6r).fiS  and  $64.44.  Piece  work  in  reaming  was  started  at 
the  Submarine  Boat  Plant  recently.  Under  this  system  one 
nmn  has  reamed  l.:!2S  holes,  earning  $2.'?. 24  for  a  day's 
work.  The  average  pay  of  the  reamer  ranges  from  $14  to 
$24.  wiilch  brings  them  practically  up  to  the  level  of  the 
riveter. 
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Proposed    Constitution   for  New 
National  Association  of  Gen- 
eral Contractors 

A  call  has  been  issued  to  general  contractors  to  attend  a 
convention  to  be  held  at  Chicago,  Nov.  20-21,  to  form  a  per- 
manent national  organization  to  be  known  as  the  National 
Association  ot  General  Contractors.  The  temporary  execu- 
tive committee  of  contractors  formed  last  July  at  the  At- 
lantic City  Convention  of  the  Building  Industries  has  drawn 
up  a  proposed  constitution  which  will  be  submitted  to  the 
Chicago  convention.  Extracts  from  this  constitution  fol- 
low : 

Purposes.— The  objects  of  the  association  are  to  promote 
better  relations  between  private  owners  and  public  bodies 
and  their  architects  and  engineers  on  the  one  hand,  and 
contractors  on  the  other;  to  maintain  high  standards  in 
the  conduct  of  construction  work;  to  combat  unfair  prac- 
tices; to  encourage  efficiency  among  contractors,  to  sup- 
port contractors  and  contractors'  associations  in  efforts  to 
rectify  construction  conditions  of  an  unsatisfactory  char- 
acter; to  encourage  those  methods  of  contracting  for  work 
which  relieve  the  contractor  of  improper  risks,  and  to  en- 
courage sound  business  methods  tending  to  raise  the  stand- 
ing of  contractors  generally  in  the  business  world. 

War  Service. — 1.  The  association  shall  endeavor  to  focus 
on  the  construction  problems  raised  by  the  war  the  re- 
sources of  contractors,  and  to  co-operate  with  the  Gov- 
ernment to  distribute  work  required  in  the  best  manner. 

2.  The  association  will  also  endeavor  to  collect  facts 
regarding  non-war  construction  work  which  will  show 
whether  materials  and  labor  can  be  obtained  without  af- 
fecting the  war  program. 

Membership. — 1.  Members  of  the  association  shall  be  na- 
tional, state  or  local  organizations  of  general  contractors, 
or  individual  firms  engaged  in  general  contracting  where 
there  does  not  exist  an  available  association  eligible  to 
membership.  Members  of  associations  must  be  general 
contractors  in  order  that  said  associations  may  be  eligible 
to  membership  in  this  association. 

2.  The  terms  "general  contractor"  is  understood  to  mean 
a  contractor  or  contracting  firm  engaged  in  construction 
work  which  undertakes  and  carries  out,  at  least  partly 
with  its  own  forces,  construction  operations  of  any  descrip- 
tion in  their  entirety. 

Administration.— 1.  All  affairs  and  activities  of  the  as- 
sociation shall  be  conducted  by  an  executive  board  of  15 
elective  members  and  of  the  three  elective  officers  of  the 
association,  who  shall  be  a  president,  a  vice  president  and 
a  treasurer. 

2.  The  executive  board  shall  hold  two  regular  meetings 
each  year,  at  times  and  places  to  be  determined  by  it.  At 
these  meetings  all  regular  business  of  the  association  shall 
be   considered. 

3.  Special  meetings  may  be  called  by  any  two  of  the  elec- 
tive officers  of  the  association. 

4.  The  president  *of  the  association,  or,  in  his  absence, 
the  vice  president,  shall  preside  at  sessions  of  the  execu- 
tive board. 

5.  The  president  and  executive  board  shall  employ  a  paid 
secretary,  who  shall  have  a  close  acquaintance  with  the 
contracting  business.  The  secretary  shall  conduct  the  gen- 
eral offices  of  the  association,  which  shall  be  located  in 
Washington  during  the  remainder  of  the  war.  He  shall 
be  empowered  to  employ  the  necessary  office  staff  and  to 
conduct  the  business  and  further  the  objects  of  the  asso- 
ciation. His  compensation  and  the  expenses  to  be  incurred 
in  maintaining  the  offices  shall  be  determined  by  the  execu- 
tive board. 

Dues. — The  dues  of  the  association  shall  be  for  each  in- 
dividual member  firm  $50  annually  and  for  member  asso- 
ciations, $10  annually  for  each  member  of  such  member 
association  at  the  beginning  of  the  year  in  which  the  dues 
are  paid,  with  a  minimum  for  each  association  of  $100 
per  year. 


89    Year   Old    Masonry    Viaduct 
Still  in  Service  on  B.  &  O.  R.  R. 

Two  masonry  bridges,  each  over  80  years  old,  are  still  in 
service  on  the  Baltimore  &  Ohio  R.  R.  The  following  de- 
scription of  these  structures  is  taken  from  a  committee  re- 
port presented  at  the  recent  convention  of  the  American 
Railway  Bridge  and  Building  Association: 

The  oldest  of  these  bridges  is  a  double  track  viaduct  hav- 
ing a  total  length  of  297  ft.,  in  the  center  of  which  is  an 
80-ft.  semi-circular  arch,  spanning  Gwynns  Falls  near  Mt. 
Clare  Junction,  Baltimore,  Md.  It  was  erected  by  James 
Lloyd  in  1829  of  native  granite  cut  to  a  true  surface  and 
laid  in  lime  mortar.  The  retaining  or  wing  walls  forming 
the  approaches  to  the  arch  are  reinforced  at  intervals  of 
25  ft.  by  massive  battered  pilasters  extending  the  full  height 
of  the  structure,  the  top  of  which  is  65.5  ft.  above  the  bed 
of  the  stream. 

Instead  of  filling  the  space  above  the  arch  and  between 
the  parapets  as  is  the  present  day  custom,  longitudinal 
brick  walls  12  in.  thick  and  spaced  3  ft.  center  to  center, 
with  cross  walls  of  similar  construction  located  at  5  ft.  in- 
tervals were  constructed  on  the  haunches  and  over  the 
arch,  upon  which  were  placed  granite  slabs*  12  in.  thick, 
to  form  the  subgrade  of  the  roadbed.  The  parapets  or  side 
walls  originally  extended  to  a  height  of  about  4  ft.  above 
the  track  grade. 

As  new  ballast  was  placed  from  time  to  time,  the  track 
grade  was  gradually  raised,  until  at  the  present  time,  it 
approximates  the  grade  of  the  top  of  the  parapets.  This 
and  the  increased  weight  of  rolling  stock,  produced  a 
greater  thrust  against  the  parapets  than  they  were  designed 
to  stand.  It  was  therefore  necessary  to  take  down  and  re- 
build the  wall  on  one  side  about  2  years  ago  and  the  other 
is  now  being  treated  in  a  similar  manner.  To  prevent  a 
recurrence  of  the  trouble  experienced  in  the  past,  these 
walls  are  being  reset  with  concrete  backing  extending  well 
back  under  the  tracks  to  take  the  thrust  from  the  walls 
proper.  In  resetting  the  face  stones  special  care  is  taken 
to  place  them  in  their  former  positions  to  preserve  as  far 
as  possible  the  original  character  of  the  structure.  Out- 
side of  this  work,  and  sealing  with  concrete  the  founda- 
tion under  the  west  abutment  of  the  arch,  which 
had  been  exposed  by  erosion,  no  repairs  have  heretofore 
been  made  and  the  balance  of  the  structure,  after  about 
89  years  of  service,  is  in  an  excellent  state  of  preserva- 
tion. Had  the  original  grade  been  maintained,  it  is  prob- 
able that  no  repairs  to  the  superstructure  would  have  been 
necessary  for  many  years  to  come. 

The  second  bridge  is  known  as  the  Thomas  viaduct.  It 
crosses  the  Patapsco  river  at  Relay,  Md.,  about  8  miles 
west  of  Baltimore.  It  is  a  double  track  bridge  consisting 
of  a  series  of  eight  semicircular  arches,  each  having  a  span 
of  58  ft.  at  the  spring  line,  the  total  length  of  the  struc- 
ture being  612  ft.  with  a  height  of  59  ft.  above  the  bed  of 
the  river.     It  was  built  of  native  granite  in  1833  to  1835. 

The  subgrade  or  roadbed  of  this  structure  was  also 
formed  by  the  construction  of  brick  longitudinal  and  cross 
walls  supporting  granite  slabs  as  described  for  the  viaduct 
over  Gwynns  Falls.  The  feature  of  special  interest  in  this 
structure,  however,  is  the  fact  that  it  is  located  upon  a  4° 
curve.  With  the  exception  of  resetting  the  parapet  walls 
several  years  ago,  which  failed  for  the  same  reason  given 
in  the  case  of  the  Gwynns  Falls  viaduct,  no  repairs  have 
been  necessary,  and  the  balance  of  the  structure  is  ap- 
parently in  as  good  condition  as  when  first  built,  after 
about  83  years  of  service. 

The  general  designs  of  the  two  structures  were  very 
much  the  same,  except  that  in  the  Gwynns  Falls  viaduct 
the  exposed  surfaces  of  all  masonry  were  dressed  to  a 
fairly  smooth  surface,  with  panels  introduced  in  the  large 
blank  spaces  between  the  pilasters  and  above  the  arch 
ring,  while  all  exposed  surfaces  of  the  Thomas  viaduct  ex- 
cept the  inner  surfaces  of  the  ring  stones  were  left  with 
rock  face  finish. 
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Spanish    Influenza   Hospital    That 
Can  Be  Erected  in  6  Days 

A  speciul  type  uf  structure,  developed  from  the  tent 
hospital  idea,  is  being  employed  by  the  U.  S.  Shipping 
Board  for  housing  influenza  patients  from  the  board's  At- 
lantic training  base  at  Boston,  Mass.  The  medical  authori- 
ties of  Massachusetts  also  have  adopted  the  Shipping 
Board  hospital  idea  and  propose  ti  '^"jrection  of  a  group 
of  the  hospitals  to   be   paid   for  ou"^,  *",  a   fund   of  $100,000 


Salvage  Department  at  Shipyard  a  Money 
Saver 

.•\  salvage  department  established  by  the  Pusey  &  Jones 
Co.  at  the  Gloucester.  N.  J.,  shipyard  in  one  week  showed  a 
net  profit  of  t.'i.SOii  from  sales  of  steel  scrap,  general  Junk 
and  other  waste.  The  work  of  the  new  department  is  de- 
si-ribed  in  The  Annalist,  from  which  the  following  notes  are 
taken: 

The    Department    consists   of   a    foreman,   assistant    fore- 


Ground  Plan  of  Influenza  Hospital  and  Side  Elevation  of  Cubicle. 


appropriated  by  the  state  to  check  the  influenza  epidemic 
among   the    civilian    population. 

In  the  Shipping  Board  hospital  the  patients  are  housed 
in  specially  built  shack.';  in  which  ventilation  can  be  con- 
trolled and  a  maximum  of  sunshine  secured.  In  each 
shack  one-half  the  roof  can  be  tilted  back,  opening  up  the 
rooms  to  the  sun  and  air.  One  side  of  the  room  is  a  glass 
sash  that  can  be  opened  out  completely.  The  walls  of  the 
rooms  do  not  reach  to  the  roof,  leaving  about  1  ft.  clear- 
ance for  air  space.  In  each  room  there  are  two  beds,  with 
a  sterilized  sheet  hung  between  to  prevent  the  passage 
of  germs.  The  cubicle  is  connected  by  a  door  in  its  back 
wall  with  a  heated  corridor,  which  connects  with  an  ad- 
ministration building. 

It  is  stated  that  a  large  hospital  can  be  built  on  this 
system  in  ."J  or  6  days.  The  plan  for  these  hospitals  was 
developed  by  Dr.  William  A.  Brooks,  Medical  Director  of 
the  Shipping  Board  Training  Service,  Boston. 


Rapid  Rivet  Driving. — According  to  Speed  Up,  a  publica- 
tion of  the  Submarine  Boat  Corporation,  .")7  gangs  at  the 
Newark  Bay  yard  on  Sunday,  Sept.  lij,  drove  a  total  of  27,- 
>i20  rivets  in  .S  hours,  an  average  per  gang  of  488.  The 
gang  average  per  hour  was  61. 

The   detailed    report    of   the   day's    work    follows: 

Total  .\v.  per 
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A  crew  at  the  yards  of  the  Downey  Shipbuilding  Corpora- 
tion at  Arlington,  N.  Y.,  recently  drove  l.i;:!2  "s  in  roiinier- 
sunk  heavy  shell  rivets  In  8  hours. 
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Planking  Record  at  Tacoma  Yard. — .-V  planking  crew  of 
11  men  at  the  shipyards  of  Foundation  Co.  at  Tacoma. 
Wash.,  recently  put  on  11  garboard  planks  in  one  day.  The 
planks  equaled   748  ft.  of  timber. 


man.  a  clerk  and  20  laborers,  who  are  engaged  in  the  out- 
side yard  work  of  the  department.  Five  acres  of  land  out- 
side of  the  main  shipbuilding  yard.s  have  been  allotted 
to  the  Salvage  Department  for  its  work.  Whenever  a  su- 
perintendent or  head  of  any  department  finds  a  congestion 
of  waste  and  scrap  material,  he  calls  up  the  Salvage  De- 
partment, and  it  immediately  sends  a  gang  out  to  gather 
up  all  this  refuse  and  take  it  to  the  salvage  yard.  Here 
there  is  one  man,  a  junk  expert,  who  knows  exactly  how  to 
sort  out  the  material  for  sale.  Of  the  five  bins  which  have 
been  erected,  20  ft.  from  the  ground,  one  is  used  for  punch 
balls,  one  for  borings  and  turnings,  one  for  plate  scrap,  an- 
other for  miscellaneous  scrap,  and  another  for  miscellane- 
ous waste  material.  These  bins  are  so  arranged  that  by 
opening  the  door  the  scrap  iron  will  automatically  slide  or 
can  be  pushed  into  cars  on  the  railroad  track  below. 

As  most  of  the  material  which  the  Salvage  Department 
gathers  up  would  have  been  utter  waste  had  this  depart- 
ment not  been  organized,  it  has  been  provided  that  all  stock 
which  is  sent  back  to  any  department  to  be  used  over  again, 
or  which  any  dei)artment  requisitions,  is  to  be  credited  to 
the  account  of  the  Salvage  Department.  In  this  way  much 
time  is  saved,  owing  to  the  fact  that  representatives  of  de- 
partments such  as  the  yard  and  electrical  departments  can 
often  come  to  the  salvage  yard  and  find  articles  that  they 
will  need,  and  thus  save  the  time  and  trouble  of  ordering  it 
from  an  outside  source. 

By  means  of  a  grasshopper  crane,  all  the  steel  scraps  are 
gathered  from  the  yards  and  carried  out  to  the  Salvage  De- 
partment. These  scraps  average  three  carloads  of  steel  a 
week  of  about  40  tons  each.  Through  the  Waste  Journal,  a 
paper  giving  nmrket  prices  on  all  scrap,  the  foreman  of  this 
department  is  able  to  keep  posted  as  to  where  he  will  be 
able  to  get  the  best  prices.  Previous  to  the  organization  of 
the  salvage  work  there  had  been  from  time  to  lime  some 
few  sales  of  scrap  steel  by  the  various  departments:  but 
this  was  on  a  small  and  haphazard  scale. 

Two  of  the  20  laborers  in  the  Salvage  Department  are 
paper  pickers,  who  go  about  the  yards  and  gather  up  all 
.scraps  of  paper.  Kach  yard  also  has  its  own  picker,  who- 
cooperates  In  this  work.  In  a  room  of  the  basement  in  "le 
of  the  oflicp  buildings  bags  have  been  placed,  and  the  jan- 
itors from  all  other  departments  are  instructed  to  carrv  all 
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waste  material  and  paper  to  this  central  station,  where  it  is 
later  transferred  to  the  Salvage  Department.  All  the  waste 
paper  which  is  turned  in  is  baled  and  sold  by  carload  lot. 
The  revenue  derived  from  this  source  is  just  about  enough 
to  pay  for  the  cost  of  picking  it  up.  and  thus  the  yards  are 
kept  clean  without  any  extra  cost  to  the  company. 


Expansion  Bearings  of  1,000  Ft.  Contin- 
uous Girder  Kettle  Rapids  Bridge 

The  recently  completed  Hudson  Bay  Ry.  bridge  over  the 
Nelson  River  at  Kettle  Rapids  is  provided  with  rocker 
bearings,  having  S-in.  bearing  pins  at  the  piers  and  6-in. 
bearing  pins  at  the  abutments.  The  shoes  are  steel  cast- 
ings. The  bridge  is  fixed  at  Pier  3  and  movable  at  Pier  2 
as  well  as  at  the  abutment.  At  Pier  2,,,tlie  expansion  roll- 
ers are  8  in.  in  diameter  and  each  set  is  provided  with  four 
12-tooth  cut  pinions  to  prevent  skewing.  Substantial  cur- 
tain plates  are  provided  for  the  protection  of  the  gears 
and  to  keep  out  the  dust.  These  plates  are  removable  for 
inspection   and   cleaning  of  the   bearings. 

The  expansion  rollers  are  6  in.  in  diameter  at  the  abut- 
ments and  are  also  provided  with  alignment  gears  and 
curtain  plates.  The  expansion  bearings  at  the  abutments 
are  in  Fig.  1.     The  fixed  be&rlngs  at  Pier  3  are  similar  to 


Fig.    1 — Expansion    Bearings    at    Abutments    of    Kettle    Rapids 
Bridge. 

the  expansion  bearings  at  Pier  2,  except  for  rollers  and 
bed  plates. 

The  bridge  seats  are  tool  dressed,  perfectly  level  and 
to  the  exact  elevations  called  for  on  the  drawings.  Sheet 
lead  Vs  in  thick  is  provided  to  equalize  any  minor  irregu- 
larities of  the  surface. 

The  Kettle  Rapids  single  track  railway  bridge  is  a  con- 
tinuous structure  1.000  ft.  long,  having  a  channel  span  of 
400  ft.  and  two  side  spans  each  of  300  ft.  It  was  designed 
by  W.  Chase  Thomson,  Consulting  Engineer.  Montreal.  Que. 


Timber  Bridges  80  Years  Old. — In  an  article  in  the  Au- 
gust Public  Roads.  Mr.  O.  L.  Grover.  Bridge  Engineer,  U. 
S.  Bureau  of  Public  Roads,  states  that  there  are  a  large 
number  of  wooden  bridges  in  the  eastern  and  southern 
states  from  40  to  60  years  old,  that  are  still  in  a  good  state 
of  preservation.  One  example  is  the  wooden  bridge,  with 
a  span  2S0  ft.  long,  over  the  North  River,  at  Bridgewater, 
Va.,  which  was  built  in  1866.  The  timbers  are  mostly  hewn 
pine.  Another  bridge  is  in  .Jessamine  County,  Ky.,  over 
the  Kentucky  River.  This  was  built  in  1838.  It  was  con- 
structed of  hewn  timber,  cut  in  the  mountains  and  floated 
down  the  river  to  the  site. 


110-Ft.  Barge  Completed  in  15  Working  Hours. — What  is 
claimed  to  be  a  world's  record  for  barge  building  was  made 
recently  by  the  National  Shipbuilding  &  Dry  Dock  Co.  of 
Savannah.  Ga.,  by  completing  a  barge  in  15  working  hours. 
The  craft  is  110  ft.  long,  32  ft.  wide,  with  70-ft.  masts,  and 
is  one  of  3.5  similar  vessels  being  built  for  this  company 
tor  the  Government.  The  former  speed  records  for  barge 
construction  was  held  by  a  New  York  plant  which  built  a 
hull  in  22  working  hours. 


Methods  of  Repairing   Old   Stone 
Masonry 

A  number  of  old  structures  on  the  Boston  &  Maine  R. 
R.  have  been  repaired  by  buttressing  and  reinforcing  bulg- 
ing or  otherwise  defective  masonry  with  iron  or  concrete 
or  both.  The  method  employed  in  this  work  was  described 
in  a  committee  re.i)or'"'%ubmitted  last  week  at  the  conven- 
tion of  the,  .\me#i*  brl(|lailway  Bridge  and  Building  Asso- 
ciation. ■     -^  ^  297 

In  one  case  aflar^Vwing  about  75  ft.  long  of  a  compara- 
tively large  stone  arch  over  a  stream  bulged  to  such  an 
extent  at  the  center  about  midway  between  the  top  and 
bottom,  as  to  make  the  road  uneasy  about  its  safety.  This 
wing  was  about  35  ft.  high  where  it  joined  the  spandrel 
wall  of  the  arch  and  was  stepped  down  from  full  height 
near  the  track,  to  a  height  of  4  or  5  ft.  at  the  outer  end. 
About  15  wooden  piles  were  driven  in  two  rows  in  front 
of  the  wing  where  the  maximum  bulge  w-as  located.  These 
piles  covered  a  rectangular  area  about  8  ft.  wide  and  16  ft. 
long  parallel  to  the  masonry.  They  were  enclosed  by  a 
wood  cofferdam,  which  was  unwatered  and  the  piles  cut 
off  at  the  water  line.  The  cofferdam  was  then  filled  with 
concrete,  and  scrap  track  rails,  set  vertically  at  about  2- 
ft.  centers,  close  to  the  old  masonry,  were  embedded  in  it. 
A  block  of  concrete  was  then  cast,  encasing  the  rails  bat- 
tering from  the  outside  line  to  the  cofferdam  to  a  width 
of  about  3  ft.  at  the  level  of  the  maximum  bulge.  No  move- 
ment of  the  masonry  has  been  noted  since  this  was  done 
about  two  years  ago. 

In  another  case,  the  crowns  of  a  three-centered  double- 
track  stone  arch  bridge  of  two  20-ft.  spans  laid  dry.  began 
to  flatten  in  the  center  of  each  arch.  This  structure  was 
constructed  over  a  stream  with  the  track  grade  only  3  or 
4  ft.  above  the  crown  of  the  arch  rings.  The  abutments, 
pier  and  wings  showed  no  evidence  of  movement  or  dis- 
tress. Repairs  to  this  bridge  were  made  by  building  a  tem- 
porary wooden  deck  under  the  tracks,  supported  on  pile 
bents  back  of  each  abutment  and  a  timber  bent  over  the 
center  of  the  pier  to  carry  traffic.  This  construction  per- 
mitted the  removal  of  the  earth  filling  and  ballast  from  the 
tops  of  the  arches.  Timber  forms  made  to  fit  the  original 
curve  of  the  arches  were  placed  under  them  and  the  de- 
formed arches  were  jacked  back  to  the  original  shape  and 
position.  All  joints  were  washed  out  clean  with  a  force 
pump  and  thoroughly  grouted  with  cement.  An  examina- 
tion of  the  structure  disclosed  the  fact  that  the  thickness 
of  the  abutments  at  the  spring  line  was  not  sufficient  to 
stand  the  thrust  of  the  arches  according  to  accepted  prac- 
tice and  additional  concrete  was  added  to  provide  for  this. 
The  earth  covering  was  then  replaced  on  the  arches  and 
in  the  rear  of  the  abutments  and  the  false  work  removed. 
This  work  was  done  about  10  years  ago  and  no  settlement 
has  since  been  noticed. 

Stone  masonry  piers  which  showed  evidences  of  failure 
have  been  repaired  and  strengthened  by  placing  track  rails 
in  pairs,  vertically  on  each  side  of  them,  tying  them  to- 
gether by  placing  rods  through  the  piers  between  each  pair 
of  rails,  secured  to  the  rails  by  heavy  bent  washers  on  the 
outside  of  the  rails,  with  nuts  on  each  end  of  the  rods. 
The  entire  piers  were  then  encased  in  concrete  12  in.  to 
IS  in.  thick  and  have  since  given  satisfaction. 

Repairs  to  high  spandrel  or  parapet  walls  on  old  stone 
arches,  carrying  single  or  double  tracks  which  have  been 
pushed  out  by  the  increased  weight  of  rolling  stock,  have 
been  repaired  by  drilling  holes  in  pairs  through  the  span- 
drel walls  opposite  each  other  about  4  ft.  below  the  tops 
of  the  ties,  excavating  trenches  under  the  tracks  opposite 
the  pairs  of  holes  and  providing  rods  about  1%  in.  in  di- 
ameter with  turn  buckles  in  the  center  and  nuts  on  each 
end.  These  rods  were  anchored  to  the  faces  of  the  walls 
by  pairs  of  rails  as  above  described,  or  by  heavy  iron  plates 
set  in  the  face  of  the  masonry.  The  nuts  and  turn  buckles 
were  then  screwed  tight  and  the  rods  encased  in  concrete. 


A  convention  of  contractors  and  building  supply  dealers 
is  being  held  at  Ottawa,  Ont.,  Oct.  22-24.  for  the  purpose  of 
organizing  the  Canadian  Association  of  Building  Industries. 
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Street  and  Highway  Bridj^e  Policy 
of  U.  S.  Hij^hvvays  Clouncil 

Thi'  policy  of  the  United"  States  Highways  Counoll  for 
street  and  highway  bridges  Is  outlined  In  a  Bulletin  made 
public  on  Sept.  23.     The  bulletin  followa: 

In  view  of  the  absolute  necessity  of  providing  fur  mili- 
tary and  na\al  purposes  such  lari?e  (luantitics  of  steel  and 
iron  that  the  use  of  these  materials  even  for  the  Indirect 
war  needs  of  the  federal  government  has  been  necessarily 
curtailed,  often  against  the  strong  pretests  of  government 
engineers,  it  Is  the  oi)inion  of  the  United  States  Highways 
(.'ouncil  that  the  street  and  highway  bridge  policy  of  all  sec- 
tions of  the  country  should  be  based  until  further  notice 
upon  the  following  principles: 

(1)  Kvery  endeavor  should  be  made  to  keep  existing 
structures  in  service  by  all  available  means,  such  as 

(a)  Effective   supervision 

(b)  Suitable   repairs. 

(c)  Control  of  traffic. 

(d)  Prohibition   of   use  of   bridges   by   street   car,   road 
rollers,  traction  engines,  and  other  heavy  vehicles. 

(2)  The  possible  relief  of  a  weak  bridge  by  a  detour 
utilizing  a  safe  structure  should  be  investigated.  The  im- 
provement of  such  a  detour  by  using  materials  which  can 
be  obtained  without  serious  delay  may  be  preferable  as  a 
wartime  measure  to  the  reconstruction  of  a  steel  bridge. 

Ci)  In  some  sections  of  the  country  the  urgent  govern- 
ment reciuirenients  for  cement  are  now  very  heavy.  Public 
officials  should  not  forget  that  materials  like  cement  and 
brick,  which  require  fuel  for  their  production,  cannot  now 
be  turned  out  in  the  same  quantities  which  were  made  in 
peace  limes,  tor  the  fuel  is  needed  in  war  industries  and 
for  absolutely  necessary  civil  purposes.  Consequently,  pub- 
lic officials  are  not  justified  in  assuming  that  if  they  change 
their  plans  for  proposed  structures  from  steel  to  concrete, 
it  will  be  possible  for  them  to  build  new  bridges  without 
any  difficulty. 

(4)  If  public  officials  find  that  it  is  impossible  to  main- 
tain e.xisting  structures  and  cannot  substitute  temporary 
bridges  for  those  that  are  unsafe,  they  should  apply  to  the 
United  States  Highways  Council  through  their  State  High- 
way Departments  for  approval  of  their  projects.  An  ap- 
plication should  be  made  out  for  each  bridge  on  forms  ob- 
tainable from  the  State  Highway  Department.  With  each 
application  there  should  be  a  statement  of  the  size  and 
date  of  construction  of  the  bridge,  the  conditions  of  the 
piers  and  abutments,  any  stream  conditions  such  as  floods 
or  caving  banks  which  affect  the  maintenance  or  recon- 
struction of  the  bridge,  the  local  materials  available  for 
bridge  work,  and  evidence  of  the  impossibility  of  maintain- 
ing the  present  structure  or  substituting  a  temporary  struc- 
ture of  materials  obtainable  without  government  assistance. 
Public  officials  are  reminded  that  the  United  States  High- 
ways Council  looks  to  them  for  assistance  in  reducing  to 
the  absolute  minimum  the  bridge  materials  required. 

(5)  The  Coancil  contemplates  three  classes  of  bridge 
projects  which  appear  worthy  of  favorable  consideration 
during  the  war  period. 

1.  A  bridge  urgently  required  as  a  military  necessity 
and  so  recommended  by  the  representative  of  the 
War  Department  to  the  United  States  Highways 
Council. 

2.  The  replacement  of  an  unsafe  bridge  which  can  not 
be  made  safe  through  suitable  repairs,  trafflc  regu- 
lations, or  detour. 

3.  Replacement  of  a  bridge  which  has  been  destroyed 
and  which  Is  essential  as  a  direct  or  indirect  war 
need. 


Sixty  Per  Cent  Capacity  of  Structural  Shops  Contracted 
For.— The  records  of  the  Bridge  Builders  &  Structural  So- 
ciety, as  collected  by  Its  secretary,  show  that  during  the 
month  of  September.  191S,  CO  per  cent  of  the  entire  capacity 
of  the  bridge  and  structural  shops  of  the  country  was  con- 
tracted for. 


Iiistriimeiit    for    Recording    Strain.s    in 
Ships 

.\  new  device  to  record  the  "give"  ol  u  ship,  developed 
by  K.  H.  McMillan,  research  engineer  of  the  Concrete  Ship 
Section,  and  H.  S.  l-oefller,  assistant  research  engineer  of 
the  section,  is  described  In  a  recent  issue  of  the  Emergency 
Fleet  News.  The  apparatus  was  tried  out  on  the  concrete 
steamer  •Faith"  on  her  first  voyage  and  the  chart  repro- 
duced herewith  shows  the  strain  the  "Faith"  underwent 
during  one  minute  of  a  severe  storm. 

The  strainagraph  Is  built  somewhat  on  the  principle  of 
the  seismograph  and  was  designed  primarily  to  test  out 
the  qualities  of  the  concrete  ship.  The  strainagraph  is 
attached  at  any  point  in  a  ship  where  it  is  desired  to  know 
the  strain.  The  series  of  levers  which  multiply  140  times 
any  movement  transmitted   to  them   is  actuated  by  a  plun- 


Copy    of    Chart    Recorded    on    Concrete    Steamer    Faith    In    Midst 
of  a   Storm. 

ger  bar  fixed  to  the  ship  at  a  point  40  in.  distant.  Thus  the 
distance  recorded  on  the  chart  is  5,600  times  the  actual 
movement  in  any  one  inch  of  length. 

The  chart  showing  the  record  made  during  the  voyage 
of  the  "Faith."  it  will  be  noted,  has  a  line  at  the  top  with 
breaks  at  intervals.  Attached  to  the  instrument  is  a  clock 
which  serves  to  measure  on  the  chart  the  time  during  which 
the  record  is  produced.  Every  double  break  in  the  top  line 
marks  the  end  of  a  minute  and  every  single  break  the 
passing  of  a  quarter  of  a  minute.  This  chart  shows  a 
strainagraph  record  taken  between  8:03  and  8:04  p.  m,, 
on   .May   24,   1918. 

The  recording  pen  which  recorded  the  zigzag  line  in  the 
center  of  the  chart  travels  upward  when  recording  com- 
pression  and   downward   when   recording  extension. 

The  instrument  on  the  "Faith"  was  located  amidships  on 
a  longitudinal  deck  beam  about  midway  between  hatches  2 
and  ?•  on  a  line  along  the  port  side  of  these  hatchways. 


Local   Engineering  Society  Amends  Con- 
stitution to  Provide  for  Joint  Mem- 
bership With  Other  Societies 

The  members  of  the  Cleveland  Engineering  Society  on 
October  8  by  a  vote  of  20  to  1  authorized  the  amendment  of 
the  society's  constitution  so  as  to  provide  for  joint  member- 
ship with  other  societies.  Under  the  plan  some  40  members 
of  the  Cleveland  society  already  have  become  members  of 
the  American  Association  of  Engineers.  Another  local  en- 
gineers' society  is  now  considering  the  adoption  of  this 
plan.  The  constitutional  amendment  as  adopted  by  the 
Cleveland  society  follows: 

.\(rrecmcnt»  may  lie  made  by  the  P^xecutlve  Board,  suliject  to 
.-ipproval  by  letter  hallot  of  the  members,  with  any  enslneerlnp 
or  technical  society  of  the  United  States  or  Canada  whereby  an 
applicant  for  Joint  membership  In  l>oth  societies  may  becoitie  a 
member  of  this  society  on  his  application  and  election  as  pro- 
vided for  other  applicants  for  memtK-rshlp.  Entrance  fee  and 
(hies  for  the  Joint  momherHliip  shall  be  less  than  comtilned  en- 
trance fi'o.x  or  dues  of  the  two  societies,  and  shall  he  divided  In 
such  proportion  as  may  l>e  mutually  approved  by  said  societies. 

A  member  In  Rood  standing  of  the  other  .society  with  which 
the  ftpreement  Is  made  ma.v  become  a  member  of  this  society  on 
his  application  and  election  as  provided  for  other  applicants  for 
membership,  liiit  without  poyment  of  an  entrance  fee.  He  shall 
pay  duos  as  provided  for  Joint  membership,  adjusted  so  aa  to 
terminate  with  the  end  of  the  fiscal  year  of  The  Cleveland  Engl- 
neerlnir  Society,  and  thereafter  .•<hall  pay  reKular  joint  nieml>er- 
shlp  dues. 
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New   Regulations   of   Building    Materials 

Section  for  Use  of  Pipes.     Tanks  And 

Accessories  in  Government  Projects. 

In  order  to  conserve  iron  and  steel  for  the  war  program 
the  Building  Materials  Section  of  the  War  Industries  Board 
on  Sept.  27  adopted  regulations  governing  the  use  of  pipes, 
tanks  and  accessories  in  Government  projects  under  way 
and  under  consideration.  It  is  estimated  that  these  regula- 
tions will  effect  a  saving  of  40.000  tons  of  pig  iron.  The 
regulations  follow: 

1.  .N'othing  larger  than  4-iii.  diameter  nor  heavier  than 
.stand.ard  plain  cast  iron  soil  pipe  is  to  be  used  for  vertical 
stacks  above  ground;  the  full  size  stack  to  be  carried  through 
the  roof.  Forlland  cement  concrete  or  vitrified  clay  pipe  shall 
be  used  tor  horizontal  lines  under  ground. 

2.  There  shall  be    no  back  vents  used. 

3.  No  house   traps  or  fresh   air  vents  shall   be   used. 

4.  Water  service  pipes  shall  be  of  %  in.  galvanized  wrought 
steel  or  iron  for  single  houses,  and  of  proportionately  larger  size 
for    larger   buildings. 

5.  No  patterns  for  soil  pipe  and  fittings  other  than  those 
listed  in  the  schedule  of  tlie  Conservation  Section  of  the  Wai- 
Industries   Board   shall    be   used. 

6.  The  installation  of  gas  piping  in  houses  will  not  be  per- 
mitted where  electricity  is  available  for  lighting  purposes.  This 
will  not  prohibit  the  instai:ation  of  gas  piping  for  heating  ami 
cooking  purposes  where  the  extreme  extension  of  the  distribu- 
tion   mains  to   the   houses    is    less   than    1.000    ft. 

7.  No  system  of  gas  mains  shall  be  installed  in  any  project 
requiring  an  extension  of  more  than  1,000  ft.  from  the  existing 
source  of  supply  without  the  special  approval  of  the  War  Indus- 
tries  Board. 

8.  No  metal  pipe  shall  be  used  for  water  mains  without 
special  permission  of  the  War  Industries  Board.  This  does  not 
apply  to   pipe   lines   carrying   pressures   of   more   than    100  lb 

9.  The  number  of  fire  hydrants  shall  be  reduced  to  the 
absolute    minimum    necessary    for    adequate    fire    protection. 

10.  All  water  supply  tanks  shall  be  of  other  material  than 
metal. 

11.  Culvert  pipes  shall  be  of  reinforced  concrete  burned  clay. 
or  other  material  than  metal. 

12.  Cellar  floor  drainage  shall  be  restricted  to  the  use  of 
underground  drains  which  may  be  turned  up  to  the  floor  level 
and  finished  with  a  screw-  plug  connection. 

The  above  regulations  shall  not  preclude  the  use  of  existing 
manufactured  stocks  provided  the  metal  cannot  be  utilized  toi 
more   essential    war    purposes. 


Speedy  Framing  of  Ferris  Type  Hull 

The  Sanderson  &  Porter  yard  at  Raymond,  Wash.,  early 
in  September  completely  framed  a  Ferris  type  hull  in  29 
hours  and  40  minutes,  using  63  men,  or  1,S69  man  hours. 
The  work  was  begun  at  3  p.  m.,  Sept.  3.  The  time  worked 
and  the  progress  of  framing  was  as  follows: 


Date. 
Sept.  3 
Sept.  4 
Sept.  5 
Sept.  6 
Sept.     7 


Tota:f 


.29  hours  to 


On  Sept.  4,  1  hour  and  10  minutes  was  lost  on  account 
of  compressor  trouble  (no  air).  The  maximum  force  in 
any  way  connected  with  the  work  of  building  and  erect- 
ing the  frames  was  as  follows: 

Foreman     2 

Carpenters        17 

Fasteners 14 

Helpers 16 

Gantry  crane  crew    4 

Setters    ,■? 

Shore  and   ribbon   crew    :i 

Traction   drivers    2 

Water   boys    2 

Total   .;:; 


No  frames  were  assembled  or  built  in  advance  of  the 
time  the  work  was  started.  On  Sept.  6.  27  frames  were 
built  on  one  framing  platform,  26  of  which  were  set  In 
place. 

According  to  The  Propeller,  the  official  paper  of  the 
Grant   Smith-Porter  yard,   Aberdeen,   Wash.,  a   Ferris   type 


hull  was  completely  framed  at  that  yard  in  1,452  man 
hours.     The  record  on  this  work  follows: 

On  Sept.  7,  14  of  the  frames,  numbering  IS  to  31  inclu- 
sive, were  assembled  and  placed  in  position  in  8  hours, 
with  30  men  on  the  framing  platform  and  14  men  placing 
frames — a  total  of  44  men,  exclusive  of  the  foremen.  This 
work  involved  53  bolts  and  25  treenails  in  each  frame. 

On  Sept.  9,  42  men,  exclusive  of  the  foremen.  32  of  them 
being  on  the  framing  platform  and  14  placing  frames,  as- 
sembled and  placed  in  position  22  frames,  numbering  42 
to   03.   inclusive,   in   S   hours. 

Assembling  and  setting  up  of  square  frames  numbering 
T  to  82,  inclusive,  in  52%  hours.  Framing  was  started  at 
10  o'clock,  Sept.  B,  and  the  last  frame  was  erected  Tues- 
day, Sept.  10,  at  3:30  p.  m.  The  work  was  done  in  two  8- 
hour  shifts,  with  an  average  of  45  men  on  each  shift  as- 
sembling and  placing  the  frames  in  position. 

Closing  in  hull  on  vessel,  including  placing  and  fasten- 
ing of  all  frames,  stem  apron,  knightheads,  stern  posts, 
rudder  post,  deadwoods,  keelsons,  shaftlog,  and  rim  in 
two  shifts  of  8  hours  each  in  seven  working  days.  An 
average  of  90  men  were  used  in  each  8-hour  shift. 


Gantry     Cranes     at    Detroit     Shipyards 

The  Great  Lakes  Engineering  Works  is  employing  at  its 
Detroit,  Mich.,  shipyard,  ti  gantry  locomotive  cranes  of  the 
type  shown  in  the  illustration.  These  cranes — all  of  the 
same   capacity — are   being   used    for   handling    material    for 


Gantry    Locomotive  Crans   at   Shipyard   of  Great   Lakes 
Engineering   Works. 

the  construction  of  steel  vessels.  The  cranes  have  a  max- 
imum radius  of  86  ft.  and  a  minimum  radius  of  22  ft.  The 
length  of  boom,  center  to  center  of  pins,  is  85  ft.  The  ca- 
pacity at  the  86-ft.  radius  is  7,000  lb.  The  hoisting  speed 
full  load  Is  250  ft.  per  minute,  the  traveling  speed  Is  125 
ft.  per  minute  and  the  revolving  speed,  5  revolutions  per 
minute.  The  cranes  are  steam  driven  and  have  an  oil 
burning  attachment  connected  to  the  boiler.  All  motions 
of  travel,  hoisting,  swinging,  raising  and  lowering  of  boom 
are  controlled  from  the  operator's  platform  in  the  cab.  At 
the  Great  Lakes  yards  the  cranes  are  being  operated  in 
three  8-hour  shifts.  The  crane  operator  and  fireman  are 
each  paid  72%  ct.  per  hour.  The  coal  consumption  is 
around  1,200  lb.  per  10  hours,  and  the  water  used  amounts 
to  1,000  gal.  in  10  hours.  The  cranes  were  furnished  by 
Orton  &  Steinbrenner  Co..  Chicago,  111. 
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Bridj^e  Construction  with  Timber, 

Concrete   and    Stone   Under 

Present  War  Conditions* 

In  many  communilies  culverts  and  bridges  must  be 
built,  even  under  war  conditions,  to  keep  the  highways  In 
shape  for  use.  even  where  no  new  road  construction  is 
under  way  or  would  be  authorized. 

Steel  has  been  the  favorite  bridge  material  for  several 
years.  It  has  been  used  for  small  as  well  as  large  struc- 
tures. .\t  present  steel  is  not  avallalle  in  any  (luantity  for 
bridge  construction.  It  can  not  be  had  at  all  where  Its 
use  can  be  avoided,  while  all  large  steel  construction  neces 
sarily  must  be  abandoned  or  postponed  until  peice  and 
normal  conditions  return.  This  situation  forces  the  use  of 
other  material — timber,  concrete,  stone,  and   briclt. 

Kor  long  bridges  and  for  temporary  worl<  where  the  cost 
must  be  kept  down  regardless  of  high  maintenance  ex- 
penses, timber  is  the  material  which  must  be  used  for 
superstructures.  In  small,  permanent  structures  concrete, 
stone,  and  brick  are  excellent  materials,  preferably  in  the 
order  named.  The  character  of  the  structure  should  be  gov- 
erned by  the  material  most  readily  obtained,  though  in 
some  instances  the  available  labor  may  be  the  determining 
factor. 

Culverts  of  Rubble  (Masonry, — Small  structures,  built  even 
under  the  present  war  conditions,  should  be  constructed 
with  a  view  to  permanence.  Culverts  with  small  spans  can 
be  built  readily  without  the  use  ol  steel,  and  of  the  most 
substantial  construction. 

In  locations  where  suitable  stone  can  be  procured  cul- 
verts of  rubble  masonry  with  stone  covers  may  be  con- 
structed where  the  spans  do  not  exceed  4  ft.  Such  culverts 
will  prove  satisfactory  and  will  last  for  a  long  time.  The 
construction  Is  simple  and  where  suitable  stone  is  found 
In  the  neighborhood  within  e:!sy  hauling  distance  the  cost 
should  be  reasonable.  In  the  selection  of  the  stone  the  most 
durable  should  be  used. 

The    following    table    gives    the    thickness    and    width    of 
cover  stones  for  culverts  of  2,  3,  and  4  ft.  spans: 
I'lN'EVSIONS    OF    COVET.     STONES. 


:!0 


The  masonry  walls  should  be  laid  In  cement  mortar,  and 
the  stone  slabs  composing  the  cover  should  be  laid  in  mor- 
tar beds  and  the  cracks  between  stones  filled  with  mortar. 

Rubble  stone  suitable  for  masonry  is  found  in  many  lo- 
calities, where  there  are  no  stones  suitable  for  the  cover. 
Where  this  is  the  case  the  top  may  be  made  of  reinforced 
concrete.  This  will  require  a  small  amount  of  steel  rein- 
forcement, but  will  permit  the  use  of  a  longer  span  than 
Is  safe  with  the  flat  stone  top. 

While  suitable  stone  for  the  rubble  masonry  is  to  be 
found  in  many  sections  throughout  the  country  there  are 
many  places  where  it  can  not  be  obtained.  In  some  locali- 
ties It  may  be  desirable  to  substitute  plain  mass  concrete  in 
place  of  the  rubble  masonry,  because  of  the  difficulty  in 
obtaining  suitable  stone. 

The  Construction  of  Arches. — W'here  It  is  necesi-ary  to 
make  longer  spans  the  arch  Is  the  only  type  of  permanent 
structure  that  (an  be  built  without  metal.  The  height 
needed  and  foundation  conditions  are  the  conlroiling  fea- 
tures in  this  construction.  The  arch  span  wi'l  not  prove 
substantial  without  a  good  sclid  foundation,  either  of  ce- 
mented gravel,  hardpan,  or  rock.  So  important  Is  this  in 
securing  permanency  Ih.-it  the  arch  should  not  be  selected 
until  after  the  most  thorough  examfhalion  of  the  location. 
In  some  streams  the  bed  is  of  such  a  character  that  there 
will  be  no  great  difllculty  in  securing  the  proper  founda- 
tion. In  others  all  sorts  of  conditions  may  exist  and  make 
It  dlfllcull  to  provide  one. 

W'here  It  is  possible,  the  foundation  should  be  on  solid 
rock.     Where  this  is  not  possible,  it  is  often  practicable  to 


•From  an  a'tlrle  b.v  O.  I.,  •irovor.  HrldKe  FiiRlncpr,  I'.  S. 
Buronu  of  Public  RoadH.  In  "Pulillc  KcuidH,"  un  ofHrlal  put>l(cat!on 
of    ht*  Bureau. 


secure  ade>|uate  foundations  by  carr\  ing  the  footings 
deeper,  by  driving  i  iles  or  sometimes  by  spreading  the  foot- 
ing over  a  wider  area.  In  all  cases  where  solid  rock  is  not 
lound  the  prob.em  should  be  submitted  to  i.n  engineer  for 
solution. 

The  three  materials  most  used  in  arch  construction  are 
concrete,  stone,  and  trick,  preferable  in  the  order  named. 

It  is  necessary  to  carry  the  foundations  well  below  the 
bed  of  the  stream.  For  the  smaller  spans  this  should  not 
be  less  than  1  ft.  6  in.  and  for  the  longer  ones  net  less 
than  2  ft.,  unless  they  are  laid  on  a  bed  of  solid  rock.  Kip- 
rap  and  channel  paving  should  be  provided  where  it  is 
necessary  to  prevent  scour. 

In  building  arches  of  stone  or  brick,  the  top  of  all  masonry 
slu.uld  be  protected  by  copings  of  concrete  or  by  copings  of 
large,  selected  stone  with  grouted  joints. 

In  the  Soulli.  where  the  c.iniate  is  not  subject  to  hard 
freezing,  common  hard  burned  brick  may  be  used  in  build- 
ing arches,  but  should  not  be  used  where  good  rubble  stone 
is  to  be  had.  In  the  colder  sections  of  the  country  brick 
doe.s  not  give  as  good  results,  because  it  absorbs  moisture 
and  disintegrates  by  freezing. 

Tl\e  foundations  should  be  carried  to  good  firm  material, 
and  have  a  minimum  depth  below  the  bed  of  the  stream  of 
1  '^  ft.  unless  on  solid  rock.  The  brick  should  be  laid  in 
cement  mortar  and  be  covered  with  1  in.  of  cement  mortar 
troweled  stnooth. 

Timber  Trestles  and  Bridges. — Timber  may  be  used  with 
satisfactory  results  for  both  temporary  and  permanent 
structures,  and  to  good  advantage  where  brick,  stone,  and 
concrete  are  not  easily  secured.  There  is  hardly  any  part 
of  the  country  where  good  timber  can  not  be  obtained,  and 
for  spanning  streams  of  considerable  size  the  timber  trestle 
or  bridge  is  the  usual  type  of  construction  under  emergency 
conditions.  It  is  often  hard  to  draw  the  line  as  to  just  what 
is  meant  by  temporary  and  permanent  structures.  Roads 
and  bridge  building  are  determined  by  the  expected  uses, 
the  necessity  of  early  completion,  probably  most  often  by 
the  available  funds.  At  present  the  labor  available  must 
also  be  a  controlling  factor.  Bridges  will  be  built  to  last 
as  long  as  they  will  perform  the  required  service,  though  it 
may  be  expected  to  replace  them  with  better  and  more 
permanent  structures  when  additional  funds  are  at  hand  or 
conditions  warrant. 

Timber  deteriorates  unless  protected  or  treated  for 
preservation,  and  for  that  reason  is  recommended  only  for 
temporary  structures  and  where  other  inaterials  are  not 
available.  The  ordinary  life  of  a  timber  trestle  or  bridge 
can  be  practically  doubled  by  a  good  preservative  treat- 
ment, and  if  the  structure  is  expected  to  remain  in  use 
beyond  the  natural  life  of  the  wood  it  may  be  advisable,  in 
order  to  keep  down  heavy  maintenance  expenses,  to  use  a 
preservative  treatment. 

Bridges  may  be  built  of  timber  to  serve  any  purpose  re- 
quired and  will  last  many  years.  Tbey  can  not  be  so 
economically  maintained  as  bridges  of  reinforced  concrete, 
but  so  long  as  it  is  not  practical  to  make  use  of  reinforced 
concrete  the  timber  structure  will  be  the  one  to  build,  but 
it  must  be  borne  in  mind  that  it  should  rest  on  permanent 
foundations. 

In  timber  construction  the  most  durable  timber  should 
be  used  that  can  be  obtained  locally.  The  general  type  of 
temporary   construction   is   the   trestle. 

The  more  available  timbers  with  a  fiber  stress  of  l.t^on 
lbs.  per  square  inch  include  long-leaf  pine,  white  oak,  and 
Douglas  fir.  In  the  1.400-lb.  class  is  included  Pacific  ro;t 
oak.  Western  larch  and  tamarack;  in  the  1  200-lb.  class  bald 
cypress,  .Norway  pine,  and  hemlock,  and  with  a  fiber  stress 
of  1.000  lbs.  per  square  inch  red  spruce,  chestnut,  and  red 
cedar.  Tiles  used  should  be  yellow  pine,  cypress,  white 
oak,  or  some  equally   durable  species. 

Construction  Under  Present  Conditions.— In  meeting  the 
presentday  conditions  limiting  the  lonslrurtion  of  bridges 
local  supplies  of  material  and  labor  will  be  the  determining 
factors.  In  general,  the  decision  as  to  construction  should 
be  as  follows: 

Keep  large  structures  in  service  by  repair,  whenever  !t  Is 
possible. 

Put   temporary  spans  on   permanent  substructures. 
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Put  in  temporary  trestles  where  it  can  be  done. 

Small  structures  should   be  made  permanent. 

Where  large  structures  are  destroyed  and  must  be  re- 
placed to  keep  the  road  open  or  where  emergency  use  re- 
quires the  building  of  a  new  crossing  make  temporary  pile 
trestle  structures  it  the  nature  of  the  stream  does  not  make 
this  type  impracticable.  Where  temporary  structures  are 
not  advisable  timber  structures  may  be  protected  so  as  to 
be  more  or  less  permanent. 


process    and,    where    necessary,    projections    were    removed 
by  grinding. 


Rivets  and  Riveting  in  Hell  Gate 
Arch  Bridge 

The  following  information  on  the  riveting  for  the  Hell 
Gate  Arch  Bridge  is  abstracted  from  the  Proceedings  of  the 
American  Society  of  Civil  Engineers,  pages  1718-19: 

There  are.  in  the  whole  arch  bridge,  about  840.000  shop 
rivets  and  334,000  field  rivets,  of  which  400,000  are  1%  in. 
in  diameter.  Most  of  the  1-  and  1%-in.  shop  rivets  were 
driven  with  hydraulic  riveting  machines  having  a  pressure 
capacity  of  100  tons  (100  lb.  per  sq.  in.).  The  output 
of  one  of  these  machines  is  about  3.500  rivets  per  day.  For 
all  heavy  field  rivets  and  such  shop  rivets  as  could  not  be 
driven  with  pressure  machines,  pneumatic  riveting  ham- 
mers of  the  No.  90  Boyer  type  with  9-in.  stroke  and  pneu- 
matic buckers-up  were  used.  The  points  of  the  long  rivets 
had  to  be  dipped  in  water,  after  heating,  so  as  to  insure 
more  complete  upsetting  of  the  shank  before  the  head  was 
formed. 

The  specifications  required  the  rivets  to  be  of  such  a 
diameter  that  it  was  necessary  to  force  them  into  the  holes 
with  a  hammer  when  hot.  Experience  has  shown  that  rivets 
which  drop  easily  into  the  holes  when  hot,  especially  those 
of  long  grip  exceeding  about  three  times  the  diameter,  can- 
not be  relied  on  to  fill  the  holes  completely  after  upsetting. 
Such  rivets  may  seem  tight  when  tested  with  a  hammer, 
but  when  cut  out  often  show  incomplete  upsetting  near  the 
middle  of  the  shank  and  toward  the  shop-formed  head.  The 
specifications  further  prescribed  that  rivets  with  a  grip 
equal  to.  or  exceeding,  four  times  the  nominal  diameter 
should  be  tapered  so  that  the  base  of  the  rivet  should  be 
3/64  in.  larger  and  the  point  1/64  in.  smaller  than  the  nomi- 
nal diameter. 

Experiments  showed  that  such  rivets,  when  smooth  and 
of  perfect  size,  and  the  holes  exactly  1/16  in.  larger  than 
the  nominal  diameter  of  the  rivets  or  1/64  in.  larger  than 
the  actual  diameter  at  the  base,  can  be  driven  without 
scraping  the  hot  metal  of  the  shank  and  forming  a  film 
under  the  rivet  head  and  fill  the  holes  more  perfectly  than 
ordinary  cylindrical  rivets.  It  was  found,  however,  that 
allowance  had  to  be  made  for  the  irregularity  in  diameter 
of  rivets  and  holes  due  to  the  rapid  wear  of  the  rivet  dies 
and  the  drills.  After  extended  experiments,  the  following 
size  and  shape  was  finally  adopted  for  the  li4-in.  rivets: 
Minimum  diameter  under  the  head,  1  9/32  in.,  tapered  down 
to  1  15/64  in.  in  a  distance  of  from  5  to  6  in.  from  the  head, 
depending  on  the  length  of  the  rivets,  the  rest  of  the  shank 
being  cylindrical. 

The  rivets  were  required  to  be  perfectly  round,  and  free 
from  loose  scale  and  projecting  fins,  and  before  they  were 
entered  into  the  holes,  the  scale,  formed  in  heating,  had  to 
be  carefully  scraped  off.  To  produce  perfectly  round  and 
smooth  rivets,  it  was  found  necessary  to  deviate  from  the 
ordinary  practice  of  upsetting  the  rivet  between  dies  by  a 
single  stroke  of  the  machine  and  cutting  it  off  at  the  same 
time  from  the  feeding  rod.  Pieces  of  the  proper  length  re- 
quired for  the  various  rivets  were  cut  cold  from  the  rivet 
rods  and,  after  heating,  were  placed  individually  into  the 
upsetting  machine.  Each  rivet  was  given  at  least  two 
strokes,  and  was  turned  after  each  stroke,  so  as  to  make  it 
perfectly  round  and  press  dow'n  the  projecting  fins  which 
form  in  the  first  stroke  at  the  joint  between  the  dies. 
Further,  by  more  careful  individual  handling  of  the  rivets 
in  the  heating  furnace,  it  was  possible  to  avoid  the  scale 
which  often  forms  on  the  rivets  due  to  improper  heating 
when  handled  in  bulk.  Whatever  slight  scale  was  left  was 
removed  by  running  the  finished  rivets  through  a  rumbling 


The  United  War  Work  Campaign 

The  people  of  the  United  States  will  be  asked  this  fall 
to  share  as  a  unit  in  the  great  task  of  caring  for  the  fight- 
ing men.  In  the  United  War  Work  Campaign  from  Novem- 
ber 8-11,  $170,500,000  will  be  raised  as  a  service  offering 
from  the  civilian  army  to  their  military  and  naval  represen- 
tatives. It  is  a  call  for  unified  support  of  the  organizations 
which  at  home  and  in  the  fighting  zones  have  sought  out  the 
individual  and  helped  him  to  keep  his  courage  and  his  effi- 
ciency. The  agencies  joining  in  the  drive  are  the  Young 
Men's  Christian  Association,  the  Young  Women's  Chris- 
tian Association,  the  National  Catholic  War  Council,  the 
Jewish  Relief  Board,  the  War  Camp  Community  Service, 
the  American  Library  Association,  and  the  Salvation  Army. 


Personals 

John  F.  Druar,  consulting  engineer.  St.  Paul,  Minn.,  is  now 
captain  of  engineers,  417tli  Engineer  Regiment,  Camp  Dodge, 
Iowa. 

A.  A.  Daugherty  of  the  National  Shipbuilding  Co.  of  Texas, 
Orange,  Tex.,  lias  been  elected  president  of  the  Chamber  of 
Commerce  of  Orange. 

Thomas  J.  Sauerhoff,  for  se\'eral  years  superintendent  of 
construction  of  ttie  Delaware  Shipbuilding  Company's  plant  at 
Seaford.   Dei.,   has  resigned. 

Harold  G.  Beers,  vice-president  and  chief  engineer  of  the 
Southern  Ferro  Concrete  Co..  Atlanta.  Ga..  has  been  com- 
missioned   a .  major    in    the    Construction    Division    of    the    Army. 

J.  C.  Ford,  assistant  supervisor  of  wooden  ship  construction 
and  L.  E.  Geary,  architect  in  the  wood  shipbuilding  department, 
of  the  Emergency  Fleet  Corporation  offices  at  Seattle,  Wash., 
have    resigned. 

A.  C.  Bell,  of  the  Wisconsin  Bridge  Co.  was  elected  president 
of  the  Society  of  Iron  Fabricators  of  Milwaukee  at  tlie  annua! 
meeting  last  week.  The  other  officers  are:  William  Hacken- 
dahl.  Hackendahl-Schmidt  Company,  vice-president;  Robert  W. 
Reed,  L,akeside  Bridge  Company,  treasurer;  E.  F.  Zuleger,  Wor- 
den-Allen    Company,    secretary. 

S.  C.  Tanner,  of  Baltimore,  Md..  has  been  elected  president 
of  the  American  Railway  Bridge  &  Building  Association,  which 
held  its  convention  at  Chicago  last  week.  The  other  officers 
elected  were:  First  vice-president,  Lee  Jutton,  Chicago;  second 
vice-president,  E.  E.  Weise,  Chicago;  third  vice-president,  W.  F. 
Strouse,  Baltimore;  fourth  vice-president.  C.  R.  Knowles,  Chi- 
cago;  secretary-treasurer.   C.    A.   Lichty.   Chicago. 

W.  W.  Coleman  and  T.  H.  Symington  have  been  appointed 
Special  .Assistants  to  the  Chief  of  Ordnance,  U.  S.  A.  Mr,  Cole- 
man will  have  charge  of  all  matters  connected  with  the  produc- 
tion of  cannon,  carriages  and  their  appurtenances  and  acces- 
sories. Mr.  Coleman  has  been  president  of  the  BucirTUs  Co., 
of  South  Milwaukee.  Wis.  He  has  been  with  the  Production 
Division  of  the  Ordnance  Department  since  last  spring.  Mr. 
S.vmington  will  have  charge  of  artillery  ammunition,  metal  com- 
ponents, but  will  have  nothing  to  do  with  the  loading  plant  op- 
erations. He  is  a  member  of  the  Arm  of  Symington-Anderson 
Co.,  of  Rochester,   N.   T.,  manufacturers  of  Ordnance  material. 


Obituaries 

Daniel  B.  Rogan,  engineer  for  the  Port  Commission  of  New 
Orleans,    died   <.)ct.    10,    aged    34. 

S.  H.  S.  Raub,  vice-president  of  the  Lehigh  Structural  Co., 
Allentown,  Pa.,  died  Oct.   8.  aged  2S. 

William  A.  Stern,  of  the  building  and  contracting  firm  of  W. 
.•\.   Stein  &   Co..   .A.llentown.   Pa.,  died  Oct  12,  aged  41. 

James  H.  Harlow,  formerly  engineer  of  the  Harlow  Bridge 
Co..  of  Pittsburgh.  Pa.,  died  Oct.  6,  at  his  home  in  Darlington, 
Md..   aged  72. 

Murdock  Campbell,  a  building  contractor  and  at  one  time 
City  Commissioner  of  Buildings  of  Chicago,  died  Oct.  11. 
aged    7V.      He   erected    many   of    the   World's   Fair   buildings. 

Lieut.  Robert  S.  Johnston,  aged  27,  a  civil  engineer  lent  to 
the  Canadian  government  by  the  United  States  government  for 
duties  in  connection  with  the  naval  air  stations  on  the  Canadian 
Atlantic   coast,   died   last  week   of  Spanish   influenza. 

Edmond  M.  Rhett,  a  member  of  the  engineering  department  of 
the  du  Pont  Powder  Co.,  died  Oct.  10.  He  was  graduated  from 
the  United  States  Military  Academy  in  1900.  He  served  for  a 
few  years  in  the  army  as  a  first  lieutenant  of  engineers.  After- 
ward he  specialized  in  electrical  engineering  and  had  charge 
of  the  building  of  the  shops  of  the  Central  Railroad   of  Georgia. 

Capt.  F.  B.  Laramie,  of  the  Construction  Department  at 
Camp  Humphrey,  Washington,  D.  C  died  early  this  month. 
He  was  a  captain  in  the  engineering  corps  under  Gen.  Miles  in 
the  invasion  of  Porto  ^ico,  and  when  the  United  States  de- 
clared war  on  Germany  he  joined  the  engineering  unit  at  the 
municipal  pier,  Chicago,  and  from  there  went  to  Camp  Grant, 
where  he  aided  in  superintending  the  construction  of  that  can- 
tonment.    Later  he  went  to   Cainp  Wadsworth. 


Industrial  Notes 

The  Chicago  Pneumatic  Tool  Co.  announces  the  election  of 
H.  D.  Megary  to  the  office  of  secretary,  vice  W.  B.  Seelig,  re- 
signed. 

William  Cetti,  for  over  25  years  representative  of  the  Thomp- 
son Meter  Co.  or  Brooklyn,  N.  Y.,  has  resigned  his  position  with 
that   company. 
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.■lla 


Waterworks  and  Hydraulics — 2nd  Wednesday 

(a)  Waterworks  <c)    Irrigation    and    Drainage 

(b)  Sewers  and  SanI-         (d)   Power 

tatlon 


Railways  and  Govt.  Works — 3rd  Wednesday 

(U)    Kxcav.iuon      and  (c)    Hiirtjors   and    Docks 

Dredging 
(b)    Rivers  and  Canals       (d)   Railway    Construction 

Buildings  and  Structures^^th  Wednesday 

I  a)    Buildings  (c)   Ship   Conntructlon 

1 1.)    Bridges  (d)    MIscellaneona     Structui 
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Our  Second  British  Engineering 
Review  Issue 

The  first  British  Engineering  Review  issue  of  Engineer- 
ing and  Contracting  was  published  three  months  ago,  and 
was  so  well  received  by  our  readers  that  a  second  issue 
of  the  same  kind  is  now  given  by  them. 

We  shall  publish  three  foreign  engineering  review  issues 
in  1919  and  one  "now  equipment  issue,"  all  of  which  will 
be  sent  to  our  monthly  subscribers  as  well  as  to  our 
weekly   subscribers. 

No  other  periodical  in  America  is  systematically  sum- 
marizing foreign  civil  engineering  and  construction  prog- 
fss:  yet  there  is  a  great  deal  that  Americans  may  learn, 
both    in   theory  and   practice,   from   other  countries. 

Our  next  special  quarterly  number  will  be  our  Nev.- 
Kquipnifnt  Issue,  which  will  appear  the  last  Wednesday 
in  January.  It  will  contain  illustrated  descriptions  o^ 
-every  new  device  and  every  important  improvement  in  any 
■old  device  that  has  been  effected  in  America  during  the 
year  of  191S  in  the  broad  field  of  civil  engineering.  When- 
■ever  we  speak  of  civil  engineering  broadly  we  include  the 
lonstruction  as  well  as  the  design  of  civil  engineering 
works,   and   therefore   include   contracting. 

As  the  present  issue  shows,  civil  engineering  progress 
has  not  been  greatly  retarded  in  Great  Britain  by  the  war. 
and.  In  fact,  has  been  accelerated  in  many  respects.  After 
the  close  of  the  war.  which  is  now  at  hand,  we  may  con- 
fidently look  for  great  renaissance,  or  rebirth,  in  pure  and 
applied  science  throughout  Europe.  Upon  this  prospect 
we    have   commented   at   some   length   in   another   editorial. 


The  Effect  of  War  on  National 
Wealth 

War  has  commonly  been  regarded  as  the  worst  of  na- 
tional Ill-winds.  Political  economists  have  always  painted 
I  he  dreary  pictures  of  the  wealth  destroyed  by  war.  Yet,  in 
spite  of  great  material  losses,  nearly  every  important  war 
has  been  followed  by  a  prosperity  that  was  astonishing  to 
those  who  had  forecast  disaster.  The  reason  has  been 
that  wars  have  usually  caused  a  marked  mental  quicken- 
ing, amounting  to  a  veritable  renaissance  of  the  spirits  of 
those  who  survived  the  blasts  of  battle.  This  mental  re- 
birth has  usually  resulted  in  so  great  an  Industrial  progress 
CopyrlKlit.    r.ilS.    by    llio    Kngliierrli 


following  the  war  that  the  war's  losses  were  speedily  re- 
paired. 

The  entire  wealth  of  a  nation  is,  after  all,  not  enormous 
even  beside  the  gross  annual  income  of  all  its  people.  The 
gross  annual  income  of  all  Americans  is  some  fifty  billion 
dollars,  and  our  total  wealth  is  only  five  times  that  sum. 
Only  a  negligible  part  of  the  wealth  of  the  belligerent  na- 
tions has  been  destroyed  by  war.  America  has  lost  so  little 
wealth  so  far  that  it  is  scarcely  worthy  of  mention.  Great 
Britain's  loss  of  wealth  has  been  mainly  in  ships,  yet  that 
does  not  amount  to  two  billion  dollars  all  told.  A  recent 
estimate  of  the  cost  of  completely  rehabilitating  France 
was  less  than  five  billion  dollars.  When  one's  economic 
perspective  is  not  distorted  by  too  close  a  view  of  large 
figures,  it  is  seen  that  the  actual  losses  of  wealth  through 
the  greatest  of  wars  are  relatively  not  great. 

Wealth  changes  hands  during  every  war,  frequently  to 
such  an  e.xtent  that  many  individuals  are  impoverished. 
but  the  total  wealth  tends  to  increase  in  spite  of  the  war. 
I'sually  the  increase  in  total  wealth  during  a  war  is  below 
normal,  but  the  significant  fact  is  that  there  is  an  increase. 
The  wealth  of  a  nation  consists  mainly  of  the  lands  (in- 
cludincr  minerals),  the  live  stock,  the  buildings,  the  furni- 
ture, the  highways  of  all  kinds,  the  machinery  (including 
all  apparatus  and  tools),  the  water  works,  the  sewers,  the 
stocks  of  supplies  on  hand,  the  gold  and  silver  and  the 
wearing  apparel.  Certificates  of  wealth — stocks,  bonds, 
notes,  paper  money,  bank  credits,  and  the  like — are  not 
national  wealth,  but  merely  show  the  share  of  the  national 
wealth  owned  by  individuals  and  corporations.  During 
war  it  is  the  rapid  change  of  ownership  of  these  wealth 
certificates  that  leads  many  intelligent  people  to  think  that 
war  is  destroying  vast  wealth. 

In  normal  times,  and  when  the  general  level  of  prices 
is  stationary,  national  wealth  has  seldom  Increased  more 
rapidly  than  at  the  rate  of  4  per  cent  annually:  and.  since 
our  population  increases  about  2  per  cent  annually,  it  fol- 
lows that  nntional  wealth  normally  increases  only  2  per 
cent  per  capita  per  annum.  Since  our  national  wealth  is 
about  $2,.'>00  per  capita,  it  follows  that  the  normal  annual 
Increase  in  per  capita  wealth  is  only  $50.  Our  per  capita 
gross  annual  Income  is  about  $500.  Hence  the  average 
.\merican  permanently  saves  one-tenth  of  his  gross  income. 
The  effect  of  the  war  in  Great  Britain  and  America  has 
been  to  Increase  prices  so  greatly  that  comparisons  of 
wealth  before  the  war  and  now  mean  nothing  If  expressed 
merely  in  dollars.  But  statisticians  are  agreed  that,  after 
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making  proper  allowances  for  increments  in  prices,  the 
national  wealth  of  each  of  these  great  English-speaking 
countries  is  greater  now  than  it  was  four  years  ago. 

We  may  confidently  expect  a  rapid  replacement  of  all 
the  industrial  plants,  buildings,  etc.,  destroyed  by  war.  We 
may  also  count  upon  an  unprecedented  boom  in  the  civil 
engineering  field  soon  after  the  close  of  this  mighty  con- 
flict. It  would  be  well  were  engineers  able  to  persuade 
public  offlcials  that  the  time  has  already  come  to  make 
preliminary  surveys  and  estimates  for  public  works.  A 
horde  of  men  will  soon  be  out  of  a  job.  It  is  the  part  of 
patriotism,  as  well  as  of  political  economy,  to  begin  now 
lo  prepare  useful  work  for  their  heads  and  their  hands 
to  do. 


Let  Us  Study  the  Work  of  Foreign 
Engineers  and  Contractors 

The  war  has  caused  both  Brltains  and  Americans  to 
draw  their  belts  tighter  and  work  harder:  and  it  has 
spread  the  habit  of  thrift.  But  important  as  this  result 
is,  even  more  important  has  been  the  great  mental  stim- 
ulus. We  have  felt  this  stimulus  less  than  our  cousins 
across  the  sea,  but  we,  too,  have  had  a  mental  quicken- 
ing that  will  be  lasting  in  its  effect.  The  clash  of  war 
has  been  a  clash  of  wits  as  well  as  of  steel.  When  the 
smoke  clears,  it  will  be  seen  that  the  minds  of  men  have 
been  turned  toward  science  as  never  before.  Engineers 
are  the  leaders  in  applied  science:  indeed  every  applied 
scientist  is  an  engineer  of  some  sort.  European  civil  en- 
gineers have  always  been  able  to  teach  American  civil 
engineers  many  things,  but  we  have  not  always  shown 
much  desire  to  be  taught.  Haven't  we  been,  in  fact,  some- 
what egotistic?  Haven't  we  been  too  often  given  to  brag- 
ging of  American  supremacy  in  civil  engineering?  Hasn't 
that  bragging  frequently  led  us  to  close  our  eyes  to  many 
things  that  Europeans  were  doing  more  efficiently?  If 
European  engineers  have  surpassed  us  in  some  respects 
in  the  past — and  there  is  no  doubt  that  they  have — they 
are  much  more  likely  to  surpass  us  in  some  other  respects 
in  the  future  unless  we  are  quick  to  avail  ourselves  of  their 
latest   improvements. 

It  is  a  psychological  fact  that  where  rivalry  is  keen,  a 
man  dislikes  even  to  study  the  reasons  for  his  rival's  su- 
premacy in  any  particular.  Instinctively  he  turns  away 
or  closes  his  eyes,  and  tries  to  believe  that  his  rival  can 
teach  him  nothing.  Engineers,  being  human,  are  not  en- 
tirely free  from  this  mental  frailty.  But  being  scientific, 
they  should  know  that  frailty  and  guard  against  it. 

Let  us  all  resolve  to  study  more  carefully  the  methods 
of  construction  and  the  designs  of  the  civil  engineering 
works  of  foreign  countries.  Let  us  not  be  too  hasty  in 
"passing  them  up"  because  "our  conditions  differ  from 
theirs":  for  we  should  remember  the  logical  rule:  Con- 
ditions may  vary  extremely  without  altering  a  given  cause- 
effect  sequence,  provided  none  of  the  varying  conditions 
is  an  energy  that  enters  into  the  given  cause-effect. 

Thus,  the  climates  of  two  countries  may  differ  enor- 
mously without  affecting  the  design  of  a  water  pipe,  or 
of  an  airplane,  or  of  a  telephone.  "Conditions  differ"  is  a 
poor  e,\cuse  for  not  studying  the  experiences  and  methods 
of  other  men. 


Use  of  Soluble  Sllico  Fluorides  for  Preserving  Building 
Stone. — In  a  paper  presented  December,  llilT,  before  the 
Glasgow  section  of  the  Society  of  Chemical  Industry,  Dr. 
C.  H.  Desch  reports  very  favorably  on  the  use  of  soluble 
silico  fluorides  for  the  preservation  of  building  stone.  The 
method  was,  he  states,  first  described  by  Kessler  in  the 
Comptes  Rendus  for  1883,  and  has  been  largely  adopted  in 
France.  The  double  salt  of  aluminium  and  zinc  is,  he 
states,  generally  used.  In  the  reaction  with  calcium  car- 
bonate insoluble  compounds  are  formed.  Highly  porous 
limestones  can  therefore  be  rendered  much  more  im- 
pervious by  impregnation  with  these  salts  and  their  resis- 
*ance  to  weathering  greatly  enhanced.  The  salts  and  com- 
pounds produced  are  colorless,  so  that  the  appearance  of 
the  stone  treated  is  not  changed. 


The  Derwent  and  Howden  Dams 

From   Engineering.  * 

The  Howden  and  Derwent  Dams,  designed  and  built  by 
Mr.  Edward  Sandeman,  M.lnst.C.E.,  for  the  Derwent  Val- 
ley Water  Works,  are  excellent  examples  of  most  difticult 
— and  successful — construction  undertakings.  These  two 
dams  are  very  similar  in  design  and  appearance,  the  differ- 
ences lying  in  dimensions  only.  Their  cross-section  is  given 
in  Fig.  1.  The  lengths  on  the  top  water  line  are  1,080  ft 
for  the  Howden  Dam  and  1,110  ft.  for  the  Derwent  Dam, 
while  the  heights  above  the  river  bed' are  117  ft.  and  114  ft., 
and  the  widest  parts  of  the  foundation  are  117  ft.  and  114 
ft.  respectively.  Practically,  they  are  alike,  the  only  dif- 
ference possibly  noticeable  to  the  eye  is  that  the  central 
overflow  weir  is  500  ft.  in  length  in  the  Howden  Dam,  and 
tiOO  ft.  in  the  Derwent  Dam,  the  latter,  being  lower  in  the 
valley,  having,  naturally,  to  pass  the  greater  quantity  of 
water.  The  compensation  water  to  be  given  to  the  Kiver 
Derwent  was  fixed  by  referees  appointed  by  Parliament  at 
1.5,209.000  gal.  per  day. 

The  geological  formation  of  the  valley,  even  if  it  had 
been  good  of  its  kind,  was  not  ideal  to  carry  a  great  dam. 
The  tops  of  the  hills  are  millstone  grit,  which  is  a  veiT 
serviceable  rock,  but  it  is  all  above  the  level  of  the  excava- 
tion.    Below  it  conies  the  Yoredale  rocks,  which  are  a  mis- 


Fig.    1 — Cross    Sections    of    Derwent    and     Howden     Dams. 

cellaneous  collection  of  beds  of  shale,  alternating  with  beds 
of  sandstone,  the  former  ranging  from  several  feet  to  a 
lew  inches  in  thickness,  and  the  latter  usually  less  than 
2  ft.  in  thickness,  but  occasionally  attaining  7  ft.  to  S  ft.  Un- 
fortunately, the  strata  had  suffered  great  disturbance  in  the 
past.  Generally  they  were  bent,  but  in  the  bottom  of  the 
valley  the  pressure  of  the  adjacent  hills  had  forced  them 
to  slip  forward  and  to  up-heave  in  a  dangerous  fault.  '  It 
\vas  on  the  very  worst  part  of  the  faulting  that  Mr.  Sande- 
man had  to  build  his  dams  of  more  than  100  ft.  in  height. 
The  valley  sides,  although  not  folded  like  the  bottom,  are, 
nevertheless,  very  disturbed  and  cracked,  and  have  no  pre- 
tentions to  be  watertight. 

In  the  center  of  the  Howden  Dam  the  excavation  of  the 
foundations  was  carried  down  to  70  ft.  below  the  ground 
and  even  at  this  level  the  strata  were  not  watertight,  al- 
though they  were  quite  capable  of  carrying  the  structure. 
There  was  no  promise  of  immediate  improvement  if  a 
lower  depth  were  sought  in  the  same  way,  while  the  in- 
crease in  cost,  due  to  the  rapid  extension  of  the  width  of 
i.he  base  was  a  very  serious  consideration.  Mr.  Sandeman, 
therefore,  decided  not  to  attempt  to  get  a  watertight  joint 
bet\\een  the  masonry  and  the  ground,  but  to  sink  an  apron 
or  curtain  wall  of  moderate  thickness  to  such  a  depth  that 
it  should  rest  on  solid  strata,  or,  at  least,  on  strata  under 
such  pressure  from  above  that  percolation  vrould  not  be 
dangerous.     A  trench  fi  ft.  wide  was  therefore  carried  down 
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u  further  55  (t.  and  tilled  with  concrete  to  form  a  water- 
tight  barrier.  This  trench  extended  the  whole  length  of 
the  da!i'.  and  ended  in  Ihe  east  hillside  at  ii  depth  of  190 
It  below  ground,  and  on  the  west  at  a  depth  ol  11,',  ft.  The 
height  of  the  dam  from  the  deepe.st  part  of  the  main  trench 
to  overflow  level,  is  IS"  ft.,  and  from  the  bottom  of  the 
narrow  trench  to  overflow.  242  ft. 

Security  from  leakage  under  the  dam  having  thus  been 
obtained,  the  ends  had  to  be  made  tl^ht.  The  usual  plan 
IS  to  caiT.v   'he  dani   into  Ihe  hills  and  to  grout  it  Into  the 


hill  on  the  west  side  for  a  distance  of  605  ft.,  and  on  the 
east  Hide  for  792  ft.  At  the  west  end,  the  trench  terminates 
at  a  depth  of  -12  ft.  below  the  river  bed,  or  15t;  ft.  below 
the  water-level  of  the  reservoir  At  the  east  end,  the  deep- 
rst  part  of  the  trench  is  108  ft.  below  river  bed,  and  222  ft. 
below   water-level. 

The  conditions  of  the  wing  walls  In  this  reservoir  were 
(|uite  different  from  those  at  Howden,  and  the  engineer 
had  to  find  another  method  of  meeting  the  danger  of  In 
filtration.      He,    therefore,    determined    to    carr.v    the    wing 


Fig.  2 — Foundation   Excavation  for  Derwent  Dar 


firm  rock.  But  headings  driven  several  hundred  feet  into 
the  hillside  failed  to  find  solid  ground.  The  rock  was 
broken  up,  and  wide  crevices  existed,  through  which  the 
water  of  the  reservoir  could  have  flowed  in  streams,  prob- 
ably exposing  the  flank  of  the  structure,  and  making  a  new 
path  for  the  river.  It  was,  therefore,  decided  to  carry  two 
wing  walls  at  right  angles  to  the  dam,  and  roughly  parallel 
to  the  sides  of  the  reservoir.  The  wing  wall  at  the  east 
side  is  2.St;o  ft.  long,  and  that  on  the  west  side.  2,i;00  ft.,  of 
which  1,007  ft.  were  tunnelled.  The  trenches  are  5  ft. 
s  In.  wide,  and  are  filled  with  .')  to  1  concrete.  The  total 
quantity  of  concrete  in  the  east  wing  trench  is  75,126  cu. 
yd.,  and  in  the  west  wing  trench,  61,519  cu.  yd. 

There  was  a  curious  similarity  in  the  conditions  in  the 
two  dams,  although  they  were  some  '■'■'i  mile  apart.  In  the 
Derwent  Dam.  the  main  foundations  are  60  ft.  below  the 
river  bed,  as  compared  with  70  ft.  at  Howden.  The  6-ft. 
trench  or  curtain  well  is  carried  down  a  further  rss  ft.,  or 
9S  f(.  in  all.  Tlip  height  of  the  dam  from  the  deepest  part 
of  the  narrow  trench  to  overflow  level  Is  212  ft.  The  trench 
extends  the  whole  length  of  the  dam.  and  is  carried  into  the 


walls  direct  into  the  hills,  in  continuation  of  the  dam,  and 
not  at  right  angles  to  it,  as  at  Howden.  As  already  stated, 
the  east  wall  was  longer  than  the  west,  and  proved  to  be 
a  work  of  much  difliculty.  owing  to  the  rapid  dip  of  the 
strata  into  the  hillside,  and  the  great  amoifnt  of  water 
met  with.  Both  here  and  on  the  west  side  the  ends  and 
bottom  of  the  wing  trenches  were  carefully  grouted  with 
cement  under  pressure. 

The  l)uilding  of  the  dams  was  done  piecemeal.  A  portion 
of  the  ground  was  excavated,  and  a  large  mass  of  masonry 
was  laid  down.  In  this  was  built,  at  the  Derwent  Dam.  a 
culvert  19  ft.  in  diameter,  large  enough  to  take  the  river, 
and  then  the  river  was  diverted  through  It,  leaving  all  the 
rest  of  the  valley  free  for  further  building  operations.  The 
culvert  at  the  Howden  Dam  was  17  ft.  In  diameter,  and  the 
river  was  not  diverted  until  the  dam  was  built.  The  build- 
ing of  the  dams  went  forward  from  the  exposed  face  of 
the  masonry,  and  gradually  progressed  across  the  valley, 
great  care  being  taken  in  jointing  the  new  portion  to  the 
exposed  face.  The  concrete  was  6  to  1  in  the  base,  5% 
to  1  in  the  middle,  and  .'  to  1  in  the  upper  and  thinner  part 
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six  30-ln.  discharges,  three  in  each  tower,  for  emptying  the 
reservoir  and  for  scouring  purposes.  "  All  these  pipes  are 
controlled  by  valves  worked  from  the  towers.  The  main 
pipes  lead  to  the  filter  beds  at  Bamford,  and  after  the  water 
has  passed  through  them,  it  is  conducted  by  an  aqueduct 
28  miles  in  length  to  the  Ambergate  service  reservoir.  This 
aqueduct  consists  of  17  miles  of  cast-iron  and  steel  pipes,  7 
miles  cut  and  cover,  and  4  miles  of  tunnel.  For  a  part  of 
its  length  it  is  carried  on  arches,  alongside  which  a  road 
bridge  has  been  built.  The  cut-and-cover  portion  consists 
of  a  circular  culvert  6  ft.  3  in.  In  diameter  and  made  of  con- 
crete, having  an  internal  lining  of  blue  brick  4%  in.  thick, 
with  %  in.  of  cement  mortar  rendering  between  the  two. 
The  concrete  is, 9  in.  thick,  with  haunches  to  support  the 
arch  from  the  trench  side.  The  gradient  is  1  in  4.000,  and 
when  the  water  is  4  ft.  9  in.  deep,  the  estimated  delivery  is 
3.5,000,000  gal.  a  day. 


Fig.     3 — Howden     Dam     Partially     Completed. 

of  the  structure.  In  it  there  were  placed  large  rough  blocks 
of  quarried  millstone  grit,  from  %  ton  to  6  tons  in  weight. 
The  sites  of  the  dams  were  each  spanned  by  cableways 
capable  of  lifting  6  tons.  The  cables  were  composed  of 
steel  wires  O.lStl  in.  in  diameter,  with  an  ultimate  strength 
of  3,270  lb.,  and  the  circumference  of  the  cables  was  7  in. 
At  each  trench  tliere  were  two  ca- 
ble   ways,   and    each   could   be   trav-  

ersed  sideways  at  one  end,  so  that 
it  commanded  a  triangular  piece  of 
ground,  and  as  the  movable  towers 
were  on  opposite  sides  of  the  valley, 
the  result  was  that  a  rectangular 
piece  of  ground  was  covered.  The 
fixed  end  of  the  cable  passed  over 
a  wooden  tower,  and  was  anchored 
to  a  concrete  block  in  the  ground; 
the  other  end  was  attached  to  a 
traveling  tower,  with  a  counter- 
weight. These  ropeways  were  used 
both  for  excavation  work  and  also 
for  bringing  the  concrete  into  posi- 
tion. The  large  stones  were  brought 
in  wagons,  and  after  being  washed, 
were  lifted  into  position  by  cranes 
running  on  elevated  roads  carried 
on  piers  which  were  eventually  built 
into  the  dam. 

The  compensation  water  to  be 
given  to  the  river  in  respect  of  the 
portion  of  the  water-shed  controlled 
by  the  Howden  and  Derwent  reser- 
voirs amounts  to  6,600,000  gal.  per 
day,  and  it  is  discharged  at  the  foot 
of  the  Derwent  Dam.  The  water  to 
he  delivered  for  town  use  passes 
through  the  Howden  Dam  by  two  36- 
in.  pipes  in  the  east  tower,  and 
through  the  Derwent  Dam  by  three 
45-in.  pipes.    In  each  dam  there  are 


The  Salaries  of  Science  Masters 

.■\    letttr   in   The    Ensineer. 

I  beg  to  direct  the  attention  of  your  readers  to  an  ad- 
vertisement in  a  recent  issue  of  your  journal,  part  of  which 
reads: 

"Wanted,  Senior  Assistant  Master  to  teach  mainly  En- 
gineering Science.  Science  graduate  preferred.  Commenc- 
ing salary    £200." 

One  gathers  from  the  rest  of  the  advertisement  that  the 
duties  include  teaching  at  both  day  and  evening  classes. 
The  next  advertisement  is  for  a  Head  Master  for  an  En- 
gineering and  Trade  School,  and  for  the  most  generous 
salary  of  £350  per  annum,  it  is  stipulated  that  applicants 
shall  have  a  British  University  Degree.  Thousands  of  men 
and  women  are  earning  today  wages  equal  to  these  for  the 
performance  of  work  which  demands  but  a  slight  degree  of 
training  or  skill  of  hand  or  brain.  On  the  other  hand,  the 
Director  of  Education  insists  upon  the  need  of  teachers 
with  imagination  and  enthusiasm  and  understanding  of  the 
high  responsibility  of  their  calling.  Is  it  likely  that  men 
possessing  not  only  high  mental  abilities,  but  that  intuitive 
faculty  of  leadership  which  is  necessary  for  success  no  less 
in  business  than  in  the  teaching  profession,  will  devote  their 
attainments  to  the  latter  for  wages  little  higher  than 
munition  workers?  I  hope  the  advertisers  will  get  men  as 
good  as  they  deserve.     I  thank  Heaven  I  am  not  a  teacher! 

Sheffield,  J.  WALMSLEY,  A.  M.  I.  Mech.  E. 


Fig.  4 — Construction   View   of   Howden    Dar 
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Coagulants  versus  Sand  Filters  as 

Aids  to  Water  Purification 

in  the  Field 

HY  CAl'T.  U.  S.  BRIGGS.  R.  S..  AND  ("APT.  E.  R.  MARINE. 
R.  A.  M.  C. 

Prom  The  Royal  Engineers'  Journal. 

The  following  is  a  description  of  an  installation  embody- 
ing the  Ilium  process  which  has  now  been  at  work  lor 
some  months.  The  waterworks  is  situated  In  Flanders  on 
H  river  highly  charged  with  organic  matter,  and  also,  espe- 
cially alter  rain,  with  very  finely  divided  clayey  material 
partly  of  a  colloidal  nature. 

The  works  originally  comprised  a  large  settling  tank, 
gravel  prelilters.  sand  filters  of  the  ordinary  pattern,  and 
a  clear  water  reservoir.  As  soon  as  construction  was  com- 
pleted, it  was  evident  the  amount  of  water  demanded  would 
be  largely  in  excess  of  that  allowed  for  by  the  original 
design.  It  was  also  found  that  owing  to  the  large  amount 
of  suspended  matter  in  the  water  the  sand  beds  speedily 
became  choked,  if  the  water  was  passed  through  at  any 
other  than  a  very  slow  rate.  The  length  ot  time  required 
for  the  sand  filters  to  become  "ripe"  was  also  a  drawback. 
It  was  therefore  decided  to  clear  the  water  as  much  as 
possible  before  delivery  to  the  sand  beds  by  precipitating 
the  suspended  matter  with  alum. 

The  process  involves  the  addition  of  a  solution  ot  alum 
(Commercial  Alumino-Ferric)  to  the  water  to  be  treated. 
Provided  that  the  alkalinity  of  the  water  be  sufficient,  the 
addition  of  alum  produces  a  white  gelatinous  precipitate  of 
aluminium  hydroxide,  and  this,  mechanically,  and  by 
absorption,  carries  down  with  it  not  only  the  fine  sus- 
ppnded  matter,  but  also  the  colloidal  matter,  organic  and 
inorganic. 

Experiments  of  both  a  large  and  small  scale  having 
proved  the  efficacy  of  the  process,  four  alum  sedimenta- 
tion tanks,  each  of  some  4ii,000-gal.  rapacity,  were  con- 
structed. These  tanks  were  made  by  lining  an  excavation 
in  the  ground  with  tarpaulins,  and  were  found  perfectly 
satisfactory.  Arrangements  were  made  whereby  the  crude 
water  could  be  discharged  as  required,  into  either  of  the 
four  sedimentation  tanks.  The  crude  water  discharge  was 
led  into  a  sloping  wooden  trough  fixed  at  one  side  ot  each 
tank;  into  this  trough  was  taken  a  feed  pipe  conveying 
the  alum  solution,  the  flow  ot  which  could  be  regulated  by 
means  of  a  stopcock. 

A  connection  from  the  clean  water  main  from  the  main 
pumphouse  gave  a  supply  of  pressure  water  which  was  used 
for  making  up  the  alum  solution  in  the  raised  tank  and 
also  for  flushing  through  the  alum  feed  pipes  when  neces- 
sary. A  hose  connection  tor  washing  out  the  sedimentation 
tanks  was  also  provided. 

The  outlets  from  the  sedimentation  tanks  were  fixed  a 
few  inches  above  the  bottom  of  the  tanks  and  floating 
Intakes  have  since  been  added.  The  alum  treated  water 
discharges  were  led  to  the  original  gravel  prefilters,  with 
connections  to  the  clear  water  reservoir  so  that  the  gravel 
and  sand  Alters  could  be  cut  out  of  the  system  if  required. 
The  bottom  of  each  of  the  sedimentation  tanks  had  a  fall 
Irom  the  outlet  end  to  a  sump  at  the  other  end.  When 
cleaning  out  was  necessary  the  sludge  was  swilled  down 
with  a  little  water  to  the  sump,  and  thence  pumped  out 
with  a  Merryweather  to  a  drain. 

The  amount  of  alum  used  varied  from  "'^  to  15  or  even 
20  grains  per  gallon.  This  large  proportion,  as  compared 
v.lth  that  used  in  civil  practice,  was  rendered  necessary 
both  from  the  excessively  foul  character  of  the  crude  water 
end  also  from  the  necessity  of  reducing  as  much  as  possible 
the  time  ot  sedimentation.  The  amount  of  alum  required 
varied  from  time  to  time  according  to  the  turbidity  ot  the 
water  and  atmospheric  conditions.  No  precise  rule  could 
be  found,  and  frequent  experiment  was  therefore  necessary. 

The  rule  was  stated  some  years  ago  that  the  quantity 
of  alum  to  be  used  should  be  one-half  the  chemical  equiv- 
alent of  the  alkalinity  of  the  water  (expressed  as  CaCO,). 
This,  with  most  Flanders  waters.  Is  in  the  neighborhood  ot 


20  grains  per  gallon.  In  many  cases,  however,  smaller 
quantities  have  been  found  quite  satisfactory.  The  alkalin- 
ity of  the  water  Is  an  important  factor  In  the  process,  and 
In  cases  where  the  alkalinity  is  below  about  15  parts  of 
C'aCO;  per  luO.OOO  It  is  necessary  to  Increase  the  alkalinity 
by  adding  a  solution  ot  lime  to  the  crude  water  at  the  same 
time  as  the  alum  solution. 

The  sedimentation  process  in  the  installation  described 
above  was  eminently  satisfactory.  The  suspended  water 
was  deposited  in  from  eight  to  twelve  hours,  leaving  a 
perfectly  clear  supernatant  water.  The  alum  sedimentation 
was  found  to  reduce  the  chlorine  absorption  In  the  sub- 
sequent chlorinating  process,  and  the  B.  Coll  content  ot 
the  water  was  also  to  some  extent  reduced. 

Water  passed  through  the  sand  filters  prior  to  the  intro- 
duction of  the  alum  process,  although  free  from  suspended 
matter,  had  a  decidedly  brownish  appearance  (the  crude 
water  was  rich  brown  in  color),  and  an  objectionable  musty 
or  earthy  taste.  These  characteristics  appear  to  be  due 
to  organic  substances  of  the  nature  ot  the  "Albuminoid 
Ammonias."  If  such  a  water  be  chlorinated  according  to 
the  requirements  of  the  "Horrocks"  test,  although  it  may 
be  safe,  it  is  very  unpalatable,  and  tastes  strongly  of 
chlorine.  This  taste  persists  even  it  there  be  absolutely 
no  free  chlorine  present,  and  a  great  deal  of  trouble  has 
been  experienced  from  this  cause  in  the  case  of  water 
filtered  through  sand.  It  is  believed  that  the  objectionable 
taste  is  due  to  the  products  of  the  reaction  between  the 
organic  substances  in  the  water  and  the  chlorine — to 
chloramines. 

The  water  passing  from  the  sedimentation  tanks  pos- 
sessed none  ot  the  objectionable  characteristics  just 
described.  It  was  clear,  colorless,  and  its  taste  was  good. 
Further,  it  could  be  efficiently  chlorinated  without  a  resid- 
ual taste  of  chlorine  remaining. 

The  alum-treated  water,  in  the  plant  under  consideration, 
was  as  a  general  rule  passed  through  the  sand  beds  to 
remove  any  solid  matter  that  might  have  come  from  the 
alum  tanks,  but  this  procedure  was  for  all  practical  pur- 
poses unnecessary,  and  in  effect  has  frequently  been  dis- 
pensed with. 

The  alum  tanks  described  have  been  working  well  for 
some  months  past,  with  an  output  which  has  on  occasions 
reached  300.000  gal.  per  day. 

The  precautions  necessary  for  the  successful  working  of 
the  alum  process  may  be  summarized  as  follows: 

(1)  The  proper  quantity  of  alum  must  be  added  in  the 
form  of  a  solution. 

(2)  A  very  thorough  admixture  of  the  alum  solution  with 
the  water  must  be  ensured.  This  admixture  must  be  con- 
tinuous and  uniform  during  the  filling  of  the  sedimentation 
tank. 

(."!)  The  mixture  of  crude  water  and  alum  solution  must 
be  kept  in  motion  during  the  filling  of  the  tank.  This  can 
be  done  by  causing  the  mixed  water  to  enter  and  flow  along 
one  side  of  the  tank  with  a  certain  degree  of  momentum. 

(•II  A  warning  must  be  given  against  confusion  between 
the  terms  "alumino  ferric"  and  "iron  alum."  Although  the 
latter  substance  has  a  certain  action  as  a  coagulant,  it  is 
totally  unfltted  for  the  purpose.  On  one  occasion  a  consign- 
ment ol  "iron  alum"  was  in  error  supplied  to  the  water- 
works described,  and  "alumino  ferric"  not  being  available, 
had  to  be  used,  but  with  disastrous  results.  Alumino  ferric 
is  the  trade  name  of  the  substance  which  should  be  em- 
ployed. 

It  must  not  be  supposed  from  what  has  been  said,  that 
precipitation  of  the  suspended  matter  by  alum  Is.  in  itself, 
sufficient  for  the  production  of  a  potable  water.  Whereas 
with  the  sand  filter  beds  of  civil  waterworks  practice,  the 
removal  of  suspended  matter  and  elimination  of  bacteria 
are  effected  at  the  same  time,  the  alum  process  can  only 
and  should  only  be  relied  on  to  produce  a  clear  water  from 
a  muddy  source — although  in  the  process  the  B.  Coll  con- 
tent is  appreciably  reduced. 

Further  treatment  Is  necessary  to  deal  with  the  bacteria 

The  best  agent  for  the  purpose  Is  chlorine.  Introduced 
either  as  a  gas  or  in  the  form  of  a  solution  ot  calcii'm 
hypochlorite  (bleaching  powder). 
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Chlorine  gas  as  an  oxydizing  agent  appears  to  offer  the 
following  advantages  over  a  solution  of  bleaching  powder: 

(a)  A  more  delicate  adjustment  ot  quantities  can  be 
made. 

(b)  It  is  possible  to  add  a  larger  excess  of  available 
chlorine  without  the  taste  becoming  pronounced. 

(c)  Successive  samples  of  bleaching  powder  are  found 
to  vary  in  their  available  chlorine  content,  whereas  in  the 
gas  process  pure  chlorine  and  nothing  else  is  introduced. 

(d)  The  labor  of  making  up  the  bleaching  powder  solu- 
tion is  avoided. 

(e)  Cylinders  of  liquid  chlorine  are  more  conveniently 
handled  than  corresponding  quantities  of  bleaching  powder 
and  are  less  liable  to  deterioration. 

The  main  difflculty  in  introducing  the  chlorine  into  the 
water  is  one  of  accurately  measuring  the  dose.  There  are 
several  varieties  of  apparatus  constructed  for  the  purpose 
uut  even  the  best  require  an  expert  operator,  are  difficult 
to  repair,  and  are  extremely  expensive.  The  system  by 
which  a  bleaching  powder  solution  is  introduced  into  the 
water  to  be  chlorinated  will  probably  meet  all  requirements 
in  the  field.  In  whatever  way  the  chlorine  is  added,  the 
admixture  must  be  uniform  and  the  chlorine  should  be  in 
contact  with  the  water  for  at  least  30  minutes  before  test 
samples  are  taken.  The  longer  the  chlorine  is  in  contact 
with  the  water  before  the  latter  is  pumped  into  the  mains 
the  better,  since  there  is  thus  less  chance  of  an  excess  of 
chlorine  remaining  to  impart  an  objectionable  taste  to  the 
water  and  the  very  small  quantities  of  chlorine  admissible 
only  effect  sterilization  when  the  contact  period  is  relative- 
ly long. 

The  following  are.  in  the  writer's  opinion,  the  advantages 
of  the  alum  process  over  sand  filtration  plants,  whether 
these  be  of  the  mechanical  filter  type,  the  large  open  sand 
bed  type  of  civil  practice,  or  the  smaller  quick  filter  of 
coarse  sand  such  as  have  been  installed  in  some  instances: 

1.  Economy  of  Labor  in  Construction.— Alum  sedimenta- 
tion tanks  are  easily  made  ot  excavations  in  the  ground 
lined  with  tarpaulins.  The  bulk  of  this  work  is  unskilled. 
Sand  filters  of  the  usual  type  must  be  made  of  brick  or 
concrete  and  require  an  enormous  amount  of  work  in  pro- 
portion to  the  results  attained.  Mechanical  filters  require 
special  machinery  and  plant  and  a  good  deal  of  skilled  labor 
in  erection.  Heavy  and  substantial  foundations  must  be 
provided.  Quick  filters  of  coarse  sand  cannot  deal  efficient- 
ly with  a  really  dirty  water. 

2.  Economy  of  Labor  in  Maintenance.— All  filters  require 
a  large  amount  of  labor  to  be  expended  from  time  to  time 
in  cleaning  the  sand  beds  and  washing  and  renewing  the 
sand,  compared  with  the  labor  in  removing  sludge  from  the 
alum  tanks. 

3.  Economy  in  Wash  Water.— Alum  sedimentation  tanks 
require  in  proportion  much  less  water  for  cleaning  out 
than  is  required  for  washing  the  sand  of  sand  filter  beds, 
and  dirty  water  can  be  used  for  the  purpose  if  desired. 

4.  Character  of  the  Water  Produced.— As  already  stated, 
certain  waters  retain  objectionable  qualities  even  after 
passing  through  sand  beds.  Alum  treatment  will  remove 
such  characteristics. 


Pre-War  and  Present  Prices  of  Road  Material  and  Labor 
in  England.— In  a  paper  presented  last  June  before  the 
Institution  of  Municipal  and  County  Engineers  Mr.  J.  A. 
Webb  gave  the  following  table  showing  comparative  condi- 
tions and  costs  for  pre-war  and   present  conditions  in  the 

road  field: 

Pre-war.  Present. 
s.    d.         s.     d. 

Cost  of  granite  per  ton,  carriage  paid 12     fi        IS     « 

Cost  of  Hints  per  ton.  carriage  paid to  T     6 

Average   cost  per  mile  carting  per  ton '^     "     to  ''     0 

Horse,  cart  and  man  per  day >>     »        Yi     r 

Two  horses,  cart  and  man  per  day. l"    "        i"     » 

Surface  tarring,   per  superficial   yard ^^0     1,^^  ^^  ^    y^ 

Roadmen's  wages,   per   day ^^2     ^  ^^^  |     ^ 

No.  No. 

Number  of  roadmen  employed '^00  SOJ! 

Steam  rollers  at  work WA-V-'l'i 19  4 

Uistrict  surveyors   (12  mam   road  districts) l-:  » 


British  Railways  Under  War 
Control 

From    Indian    Engineer. 

That  the  working  of  British  railways  has  been  a  suc- 
cess, since  at  the  beginning  of  the  war  they  came  under 
State  control,  may  be  taken  as  an  accepted  fact.  A  single 
control  had  to  be  established  and  it  is  difficult  to  see  what 
nature  of  control  could  possibly  be  better  than  by  the 
State  with  practically  no  change  of  personnel.  The  com- 
bination comprised  a  head  to  which  under  the  circum- 
stances loyal  obedience  was  due,  and  a  working  body 
which  had  grown  up  under  all  the  advantages  that  attach 
to  training  in  a  commercial  concern.  Accordingly  when 
the  new  control  became  operative  the  working  of  railways 
passed  with  the  greatest  smoothness  into  its  new  groove 
It  has  been  diftlcult  to  get  at  the  details  involved  in  the 
change,  but  the  British  Board  of  Trade  has  now  sum- 
marized them  in  Its  Journal  in  a  clear  and  interesting 
manner. 

The  first  step  taken  was  to  appoint  a  railway  executive 
committee  formed  out  of  the  staffs  of  the  railway  com- 
panies, the  Board  of  Trade  working  through  this  commit- 
tee. It  now  consists  of  18'  members  with  a  modest  office. 
It  was  arranged  that  until  the  railways  were  taken  over 
by  Government  under  the  Act  of  1871,  this  committee 
(then  consisting  only  of  seven  of  the  general  managers  of 
railways)  should  act  merely  as  an  advisory  body,  and 
should,  in  addition,  form,  part  of  a  board  of  communica- 
tions, presided  over  by  the  quartermaster-general  to  the 
forces.  Under  direction  by  the  board  of  communications 
and  the  railway  executive  committee  plans  had  been 
worked  out  for  the  train  services  required  for  mobiliza- 
tion with  a  special  time  table  tor  the  conveyance  of  an 
expeditionary  force  of  six  divisions  to  Southampton.  This 
special  movement  which  was  only  one  of  many,  necessi- 
tated at  one  and  the  same  time  on  the  outbreak  of  war, 
took  689  trains  and  occupied  16  days.  The  force  consisted 
of  126,500  men,  3.54  guns,  42,000  horses,  6,000  vehicles  and 
5,000  tons  of  stores.  An  immense  amount  of  general  move- 
ment was  being  carried  out  in  the  same  period,  all  with- 
out accident  or  serious  delay;  and  this  was  made  possible 
only  by  a  wide  use  of  the  telephone,  of  which  a  large  num- 
ber of  new  circuits  were  at  once  set  up.  The  railways 
were  taken  over  under  warrant  at  once  which  left  all  de- 
tail questions,  such  as  compensation,  etc.,  to  be  settled 
at  leisure  afterwards.  When  the  first  rush  of  mobilization 
was  over  the  question  was  at  once  taken  up.  The  basis 
recommended  by  the  executive  committee  and  accepted 
by  the  companies  was  that  the  compensation  to  be  paid 
should  be  the  ascertained  deficiency  in  the  aggregate  net 
receipts  of  all  the  railways  taken  over,  as  compared  with 
the  aggregate  for  the  corresponding  period  of  1913.  "pro- 
vided that,  if  the  aggregate  net  receipts  for  the  first  half 
of  the  year  1914  are  less  than  the  aggregate  net  receipts 
tor  the  first  half  of  the  year  1913,  the  ascertained  deficiency 
shall  be  reduced  in  the  same  proportion."  This  was  to 
cover  all  special  services.  Certain  slight  modifications  In 
terms  were  afterwards  made,  one  being  that  bonuses  and 
"war  wages"  allowed  to  railway  men  were  met  by  the 
Government;  another  was  the  making  of  allowances  to 
the  companies  in  respect  to  deferred  maintenance  and  re- 
newals. 

The  next  subject  dealt  with  is  traffic  difficulties  and  how 
they  were  met.  The  first  trouble  arose  from  a  sudden  de- 
pletion of  staff  by  the  joining  up  for  military  duty  of  all 
reservists  and  territorials.  This  was  followed  as  early  as 
September,  1914,  by  considerable  volunteer  enlistments  on 
Lord  Kitchener  appealing  to  the  country  for  men  for  his 
new  army,  so  that  in  two  short  months  a  crisis  seemed  im- 
minent. To  meet  it  substitutes,  male  and  female,  began 
to  be  taken  on.  and  it  was  soon  found  that  the  latter  proved 
most  efficient  in  every  capacity  they  were  tried— porters, 
ticket  collectors,  clerks,  carriage  cleaners,  etc.,  so  that  they 
began  to  be  employed  in  increasing  numbers,  which  by 
the  end  of  1917  had   reached  52,343.     Then  a  pressing  de- 
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mand  arose  for  railway  workers  In  France  and  stalTs  had 
to  be  further  depleted,  although  by  now  the  practice  had 
luTonie  established  of  supplying  for  the  railways  In  F>ance 
nifn  released  from  the  army  with  railway  experience.  Be- 
tween August.  IHll,  and  December.  1917,  the  railways  In 
England  had  released  1<p8,2U2  men  for  service  with  the 
colors,  or  -7  per  cent  of  the  total  staff  at  the  outbreak  of 
the  war  .Naturally  also  car  shortage  became  from  an  early 
period  a  pronounced  difflcully.  The  ports  on  the  Kast 
Coast  had  to  be  closed,  with  the  result  that  the  sea-borne 
traflic  on  that  side  was  transferred  to  the  railways:  and 
at  the  .<anie  time,  not  realizing  what  It  meant  to  the  tralltc 
problem,  the  Government  authorities  took  to  keeping  cars 
loaded  for  unusual  periods,  as  if  they  were  storerooms,  or 
of  sending  them  off  In  haste  much  underloaded.  To  deal 
with  this  situation  a  committee  had  to  be  appointed  whose 
inquiries  and  report  put  a  slop  to  the  practices.  Against 
private  traders  at  first  the  demurrage  rules  in  existence 
began  to  be  more  strictly  enforced,  then  there  was  im- 
posed what  were  known  as  orders  under  the  defense  of 
the  realm  regulations,  in  December,  l!'li">.  The  orders  en- 
forced the  pronii)t  unloading  of  cars  by  traders  by  making 
failure  to  unload  in  accordance  with  the  order  an  offense 
with  the  prospect  of  a  much  more  severe  punishment  than 
would  be  represented  by  the  imi)osition  of  a  demurrage 
penalty  merely.  These  orders  actually  reduced  the  free 
time  allowed  and  gave  the  railway  the  right  when  the 
time  was  exceeded  of  unloading  the  cars  at  the  trader's 
expense,  warehousing  the  goods  and  detaining  them  till 
all  charges  were  paid.  Other  measures  to  facilitate  move- 
ineut  of  goods  were  also  taken.  Certain  selected  routes 
were  consigned  to  goods  traffic  regardless  of  the  fact  that 
they  might  not  be  the  most  direct;  and  again,  men  of  the 
transport  workers'  battalion  were  told  off  to  assist  in  the 
work  of  loading  and  unloading,  both  in  ports  and  leading 
inland  industrial  towns.  In  addition  to  meeting  these  diffi- 
culties large  demands  had  to  be  met  for  rolling  stock  and 
permanent-way  in  the  different  war  zones — France,  Egypt. 
Salonika  and  Mesopotamia.  Some  fiOO  locomotives,  20,000 
open  cars,  .3.ii<io  covered  freight  cars  and  200  miles  of  track 
were  thus  sent  out  of  the  country,  necessitating  the  closing 
of  many   small   branch   lines. 

The  drastic  regulation  of  passenger  traffic  no  less  than 
of  freight  traflic  became  a  necessity.  It  was  necessary  to 
make  room  for  a  continuously  growing  movement  of  troops 
and  munitions,  to  work  with  reducing  rolling  stock  and  to 
economize  coal,  so  a  beginning  had  to  be  made  with  re- 
strictions much  against  the  feeling  of  the  companies.  At 
first  there  was  a  temporary  suspension  of  traffic  on  cer- 
tain lines  in  the  metropolitan  area,  and  a  reduction  in 
some  of  the  suburban  and  mainline  services.  Next,  com- 
petitive trains  were  withdrawn,  and  later,  dining  and  sleep- 
ing cars,  and  at  the  same  time  excursion  fares  and  cheap 
bookings  were  canceled.  Still  later,  certain  stations  were 
closed  with  which  there  were  alternative  means  of  com- 
munication: and  then  from  Jan.  1.  1917,  passenger  fares 
were  increased  by  50  per  cent  and  luggage  cut  down  to 
Iftii  lb.  per  passenger.  Notwithstanding  all  this  the  po- 
sition in  .March.  191S.  was  that  after  a  temporary  reduc- 
tion in  traveling  it  had  begun  to  grow  again  and  had 
leached  very  large  dimensions.  The  president  of  the  board 
of  trade  then  intimated  that  in  the  near  future  it  was  prob- 
able further  restrictions  would  be  established  and  that  at 
once   a   number  of   passenger   trains   would    be   canceled. 

The  endeavor  to  create  a  general  pool  of  cars,  and  to 
include  in  the  pool  all  privately  owned  cars,  has  met  with 
only  partial  success.  Before  the  war  about  half  the  total 
number  of  cars  was  privately  owned,  built  to  some  trad- 
ers' specific  purposes.  In  the  way  they  were  used  much 
waste  of  movement  occurred.  For  Instance,  a  colliery 
company's  cars  would  be  hauled  full  from  a  coal  district 
to  the  station  yard  of  the  dealer  who  had  ordered  its  load 
of  coal.  It  would  then  stand  idle  until  unloade<l,  being 
often  used  as  a  storehouse  on  wheels  and  afterwards  In 
leisurely  fashion  would  drift  back  empty  to  the  colliery 
which  owned  it.  The  abuse  was  patent,  but  there  were 
powerful  interests  opposing  reform,  and  all  the  board  of 
trade  found  themselves  able  to  do  under  'he  circumstances 


was  to  Issue  an  order  on  March  16,  1917.  providing  that 
when  a  private  owner's  car  would  otherwise  be  sent  on  a 
journey  empty,  the  board  of  trade  might  take  possession 
of  it  for  that  journey  and  make  use  of  it,  subject  to  pay- 
ment to  the  owner  of  hire  to  be  agreed  upon.  There  were 
many  difficulties  also  connected  with  the  pooling  of  rail- 
way cars.  In  the  first  place  they  were  not  built  to  a  stand- 
ard and  certain  cars  were  adapted  to  the  conveyance  of  a 
certain  class  of  goods  only  or  to  discharge  at  ports  pro- 
vided with  certain  types  of  appliances  only.  All  that  could 
be  done  therefore  was  to  group  definite  classes  of  cars 
together  and  to  make  use  of  these  as  joint  equipment.  This 
meant  that  some  300,000  cars  of  a  generally  useful  type, 
belonging  to  the  controlled  companies  would  become  avail- 
able for  use  in  any  direction  upon  all  the  companies'  lines. 
In  these  ways  traffic  has  been  regulated  to  a  large  ex- 
tent, and  though  It  was  estimated  that  freight  traffic  on 
British  railways  last  year  was  60  per  cent  heavier  than 
before  the  war.  It  has  been  successfully  operated  with  a 
greatly   reduced  staff  and   much   depleted   stock. 


Employment  of  Women  in  Industries 
After  the  War 

From    a    paper    by    Russell    .Sinclair,    entitled    "Some    Note."    and 
Observations    lielative   to    EnRlneerlnK   in   Great    Britain   Dur- 
ing the  War."  published  in  the  Proceedings.  Eng^ineerlng 
Association  of  New  South  Wales. 

No  question  is  causing  more  discussion  in  engineering 
circles  at  the  present  time,  both  in  Great  Britain  and  In 
Australia,  than  the  one:  What  will  be  the  scope  for  the 
employment  of  women  after  the  war?  No  one  has  given 
a  satisfactory  reply,  and  none  can  be  given  at  this  time: 
it  is  quite  impossible  to  form  any  definite  conclusion — for 
one  thing  the  war  is  not  finished  yet,  and  many  develop- 
ments will  take  place  before  it  is:  the  employment  of 
women  is  daily  increasing  in  numbers,  and  in  the  nature  of 
their  work  they  are  all  the  time  proving  their  capabilities 
in  work,  which  none  ever  thought  they  would  be  able  to 
tackle,  but  necessity  knows  no  law,  and  before  the  war  is 
over  we  may  see  hardly  one  branch  of  industry  left  in 
which  they  will  not  have  shown  their  usefulness. 

I  can  only  give  an  opinion  based  on  personal  observation, 
from  which  1  gather  that  of  the  total  number  of  women 
employed: 

10  per  cent  are  purely  voluntary,  actuated  by  war  en- 
thusiasm, who,  having  no  need  of  work,  will  drop  out  as 
soon  as  the  pressure  relaxes. 

30  per  cent  are  women  who,  while  having  to  work  tor 
their  living,  are  normally  engaged  in  other  classes  of  work 
such  as  typists,  shop  girls,  milliners,  domestic  servants,  etc., 
who  will  return  to  their  previous  employment. 

25  per  cent  are  women  who  are  working  to  help  to  fill  the 
billets  of  their  husbands,  brothers  or  male  friends,  and 
will  return  to  domestic  duties  on  the  return  of  the  soldiers 
and  the  re-establishment  of  homes  now  dispersed  or  closed. 

10  per  cent  are  women  who  have  been  employed  previous 
to  the  war  in  similar  work,  and  will  ag::in  be  employed  on 
their  work  on  resumption  of  normal  trade.     This  leaves 

25  per  cent  women  who,  having  learned  engineering  work, 
will   be  available   for   use   in   industrial   branches   of  trade. 

These  should  easily  he  absorbed  without  causing  any 
difficulties,  because  there  will  be  a  great  shortage  of  men. 
as  many  will  have  been  incapacitated  through  accidents 
to  limbs,  others  it  Is  a  matter  of  deep  regret  will  never 
come  back,  and  others  yet  again  will  not  wish  to  take  up 
their  old  work,  while  the  great  demand  for  labor,  which  is 
certain  to  be  felt  owing  to  the  necessity  for  rebuilding  the 
wastage  In  shipping,  bridges,  motor  cars,  machinery,  etc.. 
will  mean  for  a  long  time  to  come  that  there  will  be  work 
for  all.  and  all  tho  skilled  men  available  will  be  required 
to  handle  skilled  operations,  leaving  the  unskilled  and 
women  labor  to  handle  the  simple  operations.  To  me  it 
seems  the  development  of  the  employment  of  women  is 
going  to  result  In  an  increase  of  employment  and  demand 
for  the  skilled  man  at  the  higher  wage,  and  the  encourage- 
ment to  the  employer  to  develop  the  use  of  machinery  for 
the  greater  development  of  the  engineering  enterprise  of  the 
nation. 
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English   Practice    in   Overburden 
Stripping  in  Mining  Iron  Ore 

From  Jlinuti's   I'roeeedings  Institute  of  Civil  Engineers. 

The  overburden  varies  in  depth  and  density  of  material. 
The  depth  may  reach  as  much  as  50  ft.;  the  density  and 
nature  of  the  material  varies  from  sand  up  to  hard  clay,  or 
even  limestone  itself.  Generally,  the  minimum  depth  at 
which  machinery  is  introduced  is  12  ft.,  but  volume  of  out- 
put and  rate  of  wages  paid  must  also  be  taken  into  account. 
Smaller  and  lighter  machines  are  also  being  introduced  for 
the  shallow  overburdens. 

There  are  four  general  methods  for  dealing  with  over- 
burden as  follows: 

By  a  crane  or  full-circle  type  navvy  with  especially  long 
jib  and  bucket  arm. 


Fig.    1 — Crane   or    Full    Circle   Type    Navvy. 


By  a  standard  crane-navvy  working  with  a  traveling 
transporter. 

By  a  combined  machine—!,  e.,  navvy  and  transporter 
combined. 

By  a  continuous-bucket  machine  with  extended  delivery 
chute. 

Stripping  with  Long  Jib-Crane  Navvy — In  stripping  the 
overburden  by  means  of  a  long  jib-crane  navvy,  the  navvy 
travels  upon  the  exposed  ironstone,  and  after  digging  the 
material  (of  the  overburden)  in  the  orthodox  navvy  man- 
ner, swings  round  and  transfers  it  to  the  far  side  of  the 
workings,  upon  the  land  from  which  the  Ironstone  has  been 
removed.     (Fig.  1.) 

The  machines  comprise  the  framing,  bedplate,  engines 
and  machinery  generally,  of  the  standard  crane-navvy  of 
20  tons  cutting  pressure,  to  be  described  later,  with  a 
specially  lengthened  and  lightened  jib  and  bucket  arm. 
This  enables  the  machine  to  discharge  the  material  a  dis- 
tance of  60  ft.  measured  from  the  center  of  the  machine,  the 
cutting  pressure  being  reduced  in  proportion.  The  class 
of  overburden  upon  which  such  a  machine  operates  is  de- 


Fig.    2— standard    Crane    Navvy    with    Traveling    Transporter. 

pendent  entirely  upon  the  cutting  pressure  that  it  has 
available.  This  particular  machine  has  a  cutting  pressure 
of  about  0  tons,  carrying  a  bucket  of  1  to  iy2  cu.  yd.  ca- 
pacity, and  is  suitable  for  dealing  with  material  ranging 
from  sand  to  medium  clay.  The  net  weight  of  the  machine 
is  58  tons.  It  is  capable  of  removing  about  400  cu.  yd.  per 
day,  with  two  men  on  the  machine  and  two  around  it,  at 
an  average  working  cost  for  labor,  coal,  oil  and  stores  of 
about  £2  8s  ($12)  per  day,  or  equivalent  to  approximately 
I'^d.  (3  ct.)  per  cu.  yd.  Interest,  depreciation  and  repairs 
will  add  approximately  another  %d.  to  this,  making  a  total 
cost  of  about  21/211.  (5  ct.)  against  6d.  compared  with  hand 
labor  alone. 

At  the  other  end  of  the  scale  is  a  huge  machine  which 
will  deal  with  heavy  material,  or,  if  necessary,  easier  ma- 
terials in  greater  quantities.  This  has  a  cutting  pressure  of 
over  SO  tons,  carries  a  bucket  of  6  to  8  cu.  yd.  capacity,  and 
wrinlis  upwards  of  300  tons.     The  working  speed  is  about 


two  complete  cycles  per  minute,  and  it  is  capable  of  han- 
dling 3,000  to  4,000  cu.  yd.  per  day.  It  has  a  dumping 
radius  of  100  ft.  and  will  handle  overburden  40  ft.  deep. 

Standard  Crane  Navvy  with  Travelling  Transporter — 
The  most  generally  useful  and  popular  stripping  plant  is 
the  second  type — namely,  a  standard  crane  navvy,  working 
in  conjunction  with  a  transporter  similar  to  Fig.  2.  Over- 
burden of  practically  any  nature,  and  in  any  reasonable 
quantity,  can  be  dealt  with,  and  no  difficulty  exists  in 
making  the  transporter  sufficiently  long  enough  to  carry 
and  dump  the  excavated  material  well  away  from  the 
workings.  The  navvy  works  upon  the  exposed  surface  of 
the  ironstone,  and  the  transporter  travels  upon  a  wider 
track  at  the  base  of  the  quarry. 

The  transporter  is  of  the  tower  type,  with  extended 
booms  carrying  the  track  on  either  side.  It  has  its  power 
plant,  consisting  of  vertical  boiler  and  winding  engine, 
on  the  carriage  upon  which  the  tower  is  built.  The  steel 
skip  travels  on  the  track  of  the  transporter,  operated  by  a 
wire  rope  and  friction-clutch  from  the  winding  engine. 
When  the  skip  is  at  the  lower  end  of  the  track  it  receives 
each  discharge  from  the  navvy  bucket,  and  after  traveling 
up  to  the  outer  and  mechanically  discharges  it  over  on  to 
the  ground  from  which  the  ironstone  has  been  removed.     In 


Fig.    3 — Navvy   and    Transporter    Combined. 

some  cases  a  conveyor  belt  is  used,  but  for  the  heavy  ma- 
terial in  which  this  outfit  is  usually  worked  the  traveling 
skip  is  the  better,  as  not  only  does  the  skip  arrangement 
consist  of  fewer  and  simpler  parts,  but  the  control  of  the 
point  of  discharge  Is  more  readily  carried  out.  The  ad- 
vantage of  this  is,  in  most  cases,  that  the  land  has  to  be 
leveled  and  resoiled  again  for  cultivation  purposes;  conse- 
quently the  correct  adjustment  of  the  discharge  point  leaves 
a  level  surface  on  the  dumping  side  and  saves  hand  leveling. 
The  machine  is  moved  about  the  quarry  and  advanced,  in 
conjunction  with  the  navvy,  under  its  own  power. 

The  plans  vary  in  size  according  to  the  nature  of  the 
piaterial  to  be  dealt  with,  but  still  more  so  for  the  output 
required.  The  particular  machine  illustrated  weighs  over 
55  tons,  the  installation  being  suitable  for  dealing  with 
overburden  up  to  30  ft.  deep.  The  transporter  is  130  ft.  long, 
the  skip  having  a  capacity  of  3%  cu.  yd. 

The  working  costs  can  be  calculated  as  follows:  three 
men  upon  the  navvy,  one  upon  the  transporter  and  Ave 
unskilled  laborers,  a  total  of  nine  men.  Their  wages  added 
to  the  cost  of  coal,  oil,  etc.,  will  come  to  about  £4  8s.  ($22) 
per  day,  which  for  an  output  of  700  to  800  cu.  yd.  per  day 
gives    a   cost    of   approximately    1.3d.    (2.6   ct.)    per   cu.   yd. 


Fig.   4 — Continuous    Bucket    Machine    With    Extended    Delivery 
Chute. 

Interest,  depreciation  and  repairs  will  add  approximately 
%d.,  making  a  total  cost  of  approximately  2d.  (4  ct.) 
against  7d  (14  ct.)  for  hand  labor  alone.  Smaller  plants 
of  this  type  weigh  about  20,  30  and  40  tons  each,  for  vary- 
ing outputs  of  approximately  300,  500  and  700  cu.  yd.  per 
day. 

Combination    Navvy    and    Transporter    Stripping    Plant — 
Where   the   working  conditions   allow,  the   third   type  men- 
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tloned  Is  uspd.  namely,  a  combination  navvy  and  trans- 
porter. (.See  KIg.  .;.)  Its  chief  advuiitaRes  are  tliat  fewer 
men  are  reciuired.  and  only  one  boiler  and  set  of  traiks 
are  reiuiired.  In  such  a  machine  the  principle  of  the  bucket- 
arm  of  the  steam  navvy  has  been  incorporated  with  the 
track  boom  and  skip  oi  a  transporter  like  the  one  Just 
described.  After  the  bucket  has  completed  lis  cut  ihe 
hoisting  is  continued  until  the  bucket  is  over  the  top  end 
of  a  chute  built  Into  the  jib.  The  bucket-door  catch  is  then 
automatically  released  and  the  contents  of  the  bucket  are 
uiscliuri;ed  down  the  chute  into  the  transporter  skip.  A 
belt  conveyor  may  be  used,  but  it  would  have  the  same  dis- 
advantages as  previously  described.  The  weight  of  the 
machine  is  8t;  tons  net.  It  carries  four  sets  of  engines, 
supplied  with  steam  by  one  vertical  boiler.  One  set  of  en- 
gines controls  the  digging  through  a  steam-operated  fric- 
tion-clutch; a  rimaller  set  hauls  the  loaded  skin  up  the 
track  and  is  also  connected  to  the  traveling  gear  of  the 
machine.  The  third  set  slues  the  jib  when  the  bucket  has 
cut  all  the  material  It  can  reach,  while  the  fourth  set. 
mounted  inside  the  Jib.  controls  the  working  radius  of  the 
bucket  arm,  to  regulate  the  thickness  of  the  cut  and  draw 
the  bucket   teeth  out  of  the  material  as  required. 

Only  two  men  are  required  upon  the  machine  and  four 
around  it  for  an  output  of  flOO  to  7"0  cu.  yd.  per  day.  The 
cost  of  working,  including  coal,  etc.,  is  approximately 
£3  lOs.  Od.  ($17.r.l»)  per  day.  which  gives  a  cost  of  1.3d. 
(2.t)  ct.»  per  cu.  yd.,  or  about  2d.  (4  ct.)  per  cu.  yd.,  includ- 
ing depreciation,  interest  and  repairs,  against  fid.  (12  ct.) 
per  cu.  yd.  for  hand  labor. 

Continuous  Bucket  Machine  with  Extended  Delivery 
Chu».e— The  fourth  type  employing  continuous  bucket  ex- 
cavation is  shown  in  the  diagram.  Fig.  4.  These  machines 
of  the  dredger  type  employ  a  continuous  chain  with  bu'.kets 
or  scoops  mounted  thereon  at  intervals.  The  buckets,  as 
they  pass  over,  either  up  or  down,  scoop  up  the  overburden 
on  the  way,  delivering  it  into  a  chute  fixed  above  a  traveling 
conveyor  band.  The  band  runs  out  over  an  extended  boom, 
delivering  the  spoil,  at  the  extreme  end,  on  to  the  side  of 
the  quarry  that  has  already  been  cleared  of  ironstone. 
Though  the  discharge  is  fairly  even,  additional  labor  is  re- 
quired for  leveling  to  render  the  ground  again  effective  for 
agricultural  purposes. 

However,  it  is  usual  to  employ  such  machines  on  a  light 
sandy  cover  when  final  leveling  is  not  necessary.  The  out- 
put of  the  dredger  type  machine  is  high,  but  they  are  also 
expensive  in  first  cost;  therefore  their  use  is  somewhat 
limited  and  does  not  obtain  except  in  the  sand  cover  of  the 
FYodingham  district.  They  are  not  at  all  suitable  for  heavy 
material,  especially  if  any  stones  are  present. 

The  power  plant  consists  of  a  locomotive-type  boiler  with 
steam-engine  mounted  direct  thereon  (semi-portable  type). 
This  drives  the  various  motions  of  digging,  conveying, 
traveling,  raising  and  lowering  of  bucket  ladder  through 
friction  clutches  and  gearing.  Like  all  the  other  machines 
for  dealing  with  overburden  it  travels  upon  the  bared  sur- 
face of  the  ironstone. 

An  output  of  about  70ii  cu.  yd.  per  day  is  obtained  from 
the  machine  illustrated,  each  bucket  having  a  capacity  of 
2'/4  cu.  ft.  The  machines  previously  described  have  only 
a  short  length  of  track  for  working  upon,  just  a  little 
longer  In  fact  than  the  wheelbase  of  the  machines,  but  with 
the  dredger  type  a  long  length  of  track  laid  the  full  length 
of  the  working  face  Is  required.  The  whole  track  is  slued 
nearer  to  the  face  when  the  machine  reaches  the  end  of 
the  cutting  and  after  it  has  cut  away  all  the  material  within 
reach.  One  or  two  men  are  required  upon  the  excavator 
and  eight  or  ten  to  move  the  track,  although  their  time  is 
not  fully  occupied  with  this  work.  The  cost  per  cu.  yd. 
of  material',  including  Interest,  depreciation  and  repairs,  is 
from  l^^A.  (Z  ct.)  to  2d.  (4  ct).  The  excavator  has  a  con- 
tinuous travel  of  about  fi  ft.  per  minute,  the  cutting  action 
of  the  bucket  takmg  place  in  conjunction  with  It  at  the 
rale  of  about  4')  ft.  per  minute.  Tlie  weight  of  the  machine 
Is  about  40  tons,  and  it  is  designed  to  deal  with  about  23  ft. 
of  overburden.  A  larger  but  similar  design  of  machine  in 
the  Frodlngbam  district  weighs  close  upon  200  tons  and 
It  is  designed  for  a  40-ft.  face,  the  extreme  length  being 
300  ft. 
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Post-War  Reconstruction  Arrange- 
ments 

Krt.ni  an  .-.lildiiul  >>.  Knulnet-rlnK. 
It  is  gratifying  to  note  that  a  complete  system  has  been 
devised  for  the  demobilisation  of  the  army,  and  It  Is  under- 
stood that  the  details  are  arranged  to  meet  the  require- 
ments of  industry  rather  than  to  suit  military  exigency.  It 
is,  further,  pleasing  to  learn  that  employers  In  Industry 
have  already  signified  their  desire  for  the  return  to  their 
old  positions  of  quUe  fiO  per  cent  of  the  men  with  the 
Colors,  .-^o  that,  if  the  arrangements  of  the  military  au- 
thorities are  efiiclent.  there  should  be  a  quick  reinstatement 
of  the  fighting  forces  Into  the  Industrial  army.  This,  of 
course.  Is  not  all  that  is  necessary.  There  are  one  hundred 
and  one  questions  to  settle,  principally  regarding  priority, 
and  at  the  same  time  the  difliculties  of  an  adequate  supply 
of  machinery  and  material  must  be  met.  There  are  pivotal 
industries  and  pivotal  men  in  each  industry,  and  it  is  par- 
ticularly important  that  the  relative  value  to  each  industry 
of  men  and  material  to  overcome  Inertia  due  to  interruption 
of  manufactures  should  be  dealt  with  in  a  thoroughly 
organized    way.  •  *  * 

The  work  done  by  the  Ministry  of  Reconstruction,  since 
its  creation  0  months  ago  (August,  1917),  is  so  far  satisfac- 
tory, and,  on  paper,  at  all  events,  shows  that  all  the  require- 
ments are  being  anticipated  in  a  broad  spirit.  •  •  *  An  Ad- 
visory Council  has  been  organized  representative  of  all  the 
leading  interests  concerned  in  reconstruction.  •  *  »  The  re- 
con.'trucfion  may  he  said  to  embrace  almost  every  depart- 
.nent  of  the  State,  and  this  council  must  therefore  concern 
itself  with  a  great  variety  of  public  departments.  In  this 
duplication  there  is  grave  danger  of  inefliciency,  and  to  be 
forewarned  is  to  be  forearmed.  The  main  considerations 
should  be  the  development  of  the  maximum  of  effort  by  nri- 
\ate  enterprise,  the  minimum  of  Government  control,  with 
the  maximum  of  Government  support  and  stimulus.  The 
council  is  to  be  divided  into  four  main  sections,  one  dealing 
with  commerce  and  production:  another  with  finance,  ship- 
ping and  common  service;  a  third  with  labor  and  industrial 
organizations;  and  a  fourth  with  social  development,  includ- 
ing agriculture,  health  and  housing.  All  of  these  sections 
will  have  their  sub-departments. 

The  section  dealing  with  commerce  and  production  is  of 
primary  importance,  and  already,  in  connection  with  the 
supply  and  control  of  raw  materials,  a  committee  of  investi- 
gation has  been  set  up  with  Sir  Clarendon  Hyde  as  chair- 
man. •  •  * 

Another  department  has  reference  to  the  establishment 
of  new  industries,  and  a  committee  is  already  considering 
what  can  be  done  in  this  direction,  so  far  as  the  engineering 
trade  is  concerned.  Already  u  preliminary  list  of  possible 
products  has  been  prepared,  and  we  hope  that  this  depart- 
ment of  the  work  will  have  full  scope.  The  labor  problem 
connected  with  such  new  industries  is  to  be  the  subject 
of  consideration  by  a  special  subcommittee,  as  will  also 
be  the  volume  and  nature  of  the  demand  for  British  goods 
after  the  war.  An  important  consideration  Is  the  organiza- 
tion of  comprehensive  trade  associations  lor  economizing 
production.  A  great  change  has  come  over  offlcial  opinions 
regarding  this  matter,  because  it  is  realized  that  it  Is  better 
in  many  c.ises  to  confine  the  individual  factory  to  the 
manufacture  and  production  of  a  specific  type  and  size, 
Ii'aving  other  factories  to  deal  with  variations  of  the  same 
product  of  different  design,  finish  und  size.  It  is  also 
realized  that  under  such  conditions  economy  In  production, 
can  be  best  achieved,  and  the  Government  Is  therefore 
doing  all  they  can  to  bring  about  such  trade  association, 
the  only  proviso  being  that  they  shall  have  some  object 
other  than  the  fixing  of  price,  which  is  often  the  aim  of 
combines.  A  true  application  of  the  principle  of  trade 
organization  will  cheapen  production  without  affecting  the 
earnings  of  the  employees,  and  therefore  facilitate  the 
extension  of  British  trade.  In  many  of  these  operations  the 
Ministry  of  Heconstructlon  has  the  cooperation  not  only 
of  the  Board  of  Trade  und  particularly  of  the  Department 
of  Overseas  Trade,  but  also  of  the  .Ministry  of  Munitio:is. 
who  are  assisting  In  the  collation  of  infmniMiinn  irnm  tbi- 
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controlled  establishments.  Consequently,  in  the  opening  of 
new  markets  the  Department  of  Overseas  Trade  can  be  of 
immense  advantage,  and  if  they  can  get  to  work  quickly 
and  energetically  they  will  be  able  to  point  the  way  along 
which  we  must  go  in  establishing  new  industries,  particu- 
larly for  the  absorption  of  woman  labor  after  "the  boys 
come  home." 

The  Finance  and  Shipping  Section  will  deal  with  the 
question  of  merchandise  and  exchange  after  the  war,  and 
to  this  section  is  to  be  relegated  the  very  important  duty 
of  disposing  of  government  surplus  stores  after  the  declara- 
tion of  peace.  It  is  impossible  to  estimate  the  value  of 
these  stores;  they  probably  run  into  hundreds  of  millions 
sterling,  and  already  the  Department  is  compiling  inven- 
tories of  such  stores  for  the  service  of  the  Committee.  At 
the  same  time  public  bodies  like  county  councils,  road  de- 
partments, and  the  Governments  of  the  Dominions,  are 
being  consulted  as  to  their  possible  requirements,  so  that 
there  will  be  available,  before  the  stores  are  liberated, 
some  data  on  which  to  proceed  in  their  disposal.  In  the 
words  of  the  Department,  the  first  object  is  "to  protect  the 
taxpayer  from  improvident  selling;  the  second  is  to  pro- 
tect the  markets,  and  therefore  labor,  from  the  dislocation 
which  will  inevitably  result,  if,  for  instance,  some  hundreds 
of  thousands  of  motor  vehicles  were  released  for  sale  at 
once "  The  executive  arrangements  are  being  passed  on 
to  a  specially  created  body,  which  will  be  composed  of 
men  of  much  experience  in  such  work.  The  Advisory 
Council  will  lay  down  certain  lines  for  their  guidance. 

The  Labor  Section  of  the  Council  must  necessarily  work 
in  concert  with  the  Ministry  of  Labor,  and  here  there  is 
danger  of  overlapping  and  unnecessary  interference.  The 
main  item,  however,  so  far  as  reconstruction  is  concerned, 
is  the  establishment  of  industrial  councils  on  the  lines  of 
the  Whitley  Report.  *  *  *  This  section,  too,  is  dealing 
■with  the  question  of  labor  in  merchant  shipping,  the  war 
time  departures  from  trade  union  practices,  industrial 
courts,  industrial  structures  and  apprenticeship.  It  will, 
moreover,  be  concerned  with  the  question  of  demobiliza- 
tion and  the  absorption  of  service  labor  after  the  war  for 
the  prosecution  of  public  works  and  the  rectification  of 
the  relation  between  men  and  women  workers.  As  to  the 
section  dealing  with  social  arrangements  little  need  here 
be  said,  but  the  question  of  housing  arrangements,  now  far 
advanced,  concerns  the  simplification  of  building  by-laws, 
as  well  as  of  material  for  the  construction  of  houses.  *  *  * 


Pneumatic   Riveting    in  British 
Shipyards 


Possibilities   of  Municipal  Salvage  of 
Refuse 

In  a  paper  presented  at  a  recent  meeting  of  the  Institute 
of  Street  Cleaning  Superintendents.  David  Currie,  Direc- 
tor General  of  National  Salvage  of  England,  estimated  the 
quantity  of  refuse  made  annually  throuahout  England  at 
9,4.50,000  tons.  This  figure  is  based  on  allowance  of  1.6S0 
lb.  per  1,000  population  during  300  days  of  the  year.  To 
determine  the  nature  and  composition  of  this  material  a 
carelul  analysis  of  bulk  lots  of  ordinary  refuse  such  as 
could  have  been  passed  in  due  course  through  the  destruc- 
tor was  made  by  the  authorities  of  Accrington,  Bury,  Hack- 
ney and   Sheffield. 

The  following  table  shows  the  average  results,  and  what 
they  represent,  according  to  Mr.  Currie,  may  be  applied  to 
the  refuse  of  the  country  generally: 
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From  The  Engineer. 

It  is  common  knowledge  that  the  present  rate  of  output 
of  merchant  shipping  falls  far  short  of  what  is  necessary 
and  possible.  Even  if  the  two  most  obvious  causes  of  this, 
viz.:  shortage  of  skilled  labor  and  bad  time-keeping,  were 
removed,  the  output  would  still  remain  far  below  what  is 
easily  possible.  One  of  the  principle  reasons  for  this  is 
simply  that  British  shipyards  make  very  little  use  of  pneu- 
matic tools.  To  what  extent  the  capacity  of  shipyards 
may  be  affected  by  the  use  of  pneumatic  riveting  instead 
of  hand  riveting,  the  following  figures  will  show.  Accord- 
ing to  information  recently  received  from  one  of  the  East 
Coast  shipyards,  the  best  day's  work  on  a  shell  with  pneu- 
matic riveting  is  700  rivets  of  %-in.  diameter,  and  for  hand 
work  under  the  same  conditions  430  rivets.  An  average 
day's  work,  however,  is  considerably  less  than  this,  and 
may  be  taken  as  being  510  rivets  with  pneumatic  riveters 
as  against  2(i4  with  a  hand  squad,  the  figures  being  taken 
for  work  on  all  parts  of  one  ship.  The  number  of  rivets 
driven  per  day  by  a  riveting  squad  varies,  of  course,  ac- 
cording to  the  part  of  the  ship  worked  upon  and  the  size 
of  rivet  used.  The  following  may  be  taken  as  indicating 
the  difference  in  one  day's  work  of  a  hand  and  pneumatic 
riveting  squad:  On  the  shell  with  vg-in.  rivets,  hand  rivet- 
ing, 2G0  to  360  rivets,  with  pneumatic  riveting,  500  to  550; 
on  the  deck,  with  %-in.  rivets,  hand  riveting,  450,  pneu- 
matic 700;  on  the  deck  with  %-in.  and  ^^^-in,  rivets,  hand 
riveting   350,  pneumatic   550. 

The  greatly  increased  output  of  work  secured  by  the 
pneumatic  tool  is  in  itself  sufficient  to  establish  its  very 
considerable  superiority  over  the  hand  method.  But  It 
has  another  very  important  advantage.  A  hand-riveting 
squad  consists  of  three  men  and  one  or  two  boys.  From 
two  of  these  squads,  three  pneumatic  riveting  squads  can 
be  formed,  thus  effecting  a  saving  of  50  per  cent  in  labor 
alone.  A  third  advantage  claimed  for  the  pneumatic  tool 
is  that  it  gives  both  the  other  advantages  with  less  exer- 
tion and  consequently  less  fatigue  on  the  part  of  the  men. 
With  these  advantages  to  its  credit,  it  is,  nevertheless, 
the  fact  that  the  pneumatic  tool  is  greatly  neglected  in 
British  shipyards,  as  the  following  facts  and  figures,  taken 
from  the  returns  of  70  of  the  leading  yards  of  the  country, 
will  show.  Only  yards  having  berths  of  over  250  ft.  in 
length  are  taken.  It  may  be  said  in  passing,  that  the  equip- 
ment necessary  for  the  efficient  working  of  a  berth  is  gen- 
erally considered  to  consist  of  a  compressor  plant  of  1,000 
cu.  ft.  per  minute  capacity,  to  supply  the  compressed  air 
for  driving  the  tools,  and  60  pneumatic  tools  of  which  20 
should  be  riveting  hammers. 

Taking  the  10  best-equipped  yards  in  the  country,  tliey 
have,  as  a  rule,  compressor  plants  of  1,000  cu.  ft.  per  min- 
ute per  berth,  but  only  52  pneumatic  tools,  of  which  onlv 
1% — on  the  average — instead  of  20  are  riveting  hammers. 
The  average  of  the  remaining  60  yards  is  much  below  even 
this  standard.  It  shows  only  21  tools  per  berth.  Moreover, 
only  about  %  of  the  number  of  riveting  hammers  in  stock 
in  the  yards  are  actually  used.  Then  again,  there  are  22 
important  yards  in  the  country,  with  a  total  of  77  berths, 
which  have  no  pneumatic  plant  whatever.  Shortage  of 
li^-eters  is,  beyond  question,  one  of  the  chief  causes,  or 
the  chief  cause  of  the  deficient  output  at  the  present  mo- 
ment. This  shortage  is  no  new  thing  in  the  British  yards, 
where  for  the  last  S  or  10  years  the  supply  of  riveters  has 
fallen  short  of  the  demand.  War  and  other  causes  have 
further  reduced  their  number,  while  the  volume  of  work 
has  been  increased.  The  serious  effect  of  this  state  of 
affairs  on  the  output  of  ships  must  be  obvious.  In  some 
yards,  ships  completely  plated  cannt  be  launched  because 
they  cannot  be  riveted.  The  solution  of  the  problem  is  to 
be  found  to  a  very  great  extent  in  the  greatest  possible  use 
of  the  pneumatic  tool.  The  United  States  yards,  by  its 
almost  universal  employment  of  pneumatic  riveting  tools, 
has  been  able  to  overcome  its  shortage  of  skilled  labor. 
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Method  of  Strengthening  the  Ton- 

gabiiddra  Bridj^e  of  Madras 

Railway 

From     Indian     KnRiniM-r. 

The  ToiiK!il)ii(l(lra  lirldKe,  situated  .'..ii  miles  from  Madras, 
i.nd  11  miles  from  Kaicluir,  is  the  longest  bridge  hetween 
Mudrus  and  Kaichur.  It  was  formed  originally  of  58-ti4- 
(t.  openings  with  stone  masonry  piers  founded  on  rock  70 
ft.  from  center  to  center.  These  were  spanned  by  plate 
girders  Vi'J  ft.  10  In.  long.  4  ft.  deep,  placed  8  ft.  apart, 
continuous  over  two  spans:  the  roadway  being  formed  of 
teal<  sleepers  1:;  ft.  by  12  in.  by  f.  in.,  bolted  to  their  top 
(langes,  to  which  were  spiked  cast  iron  chairs  in  which 
w  ere  keyed   7.^  lb.  double-headed  rails. 

I'nder  the  new  rules  for  calculating  the  strength  of  rail- 
way girders,  those  of  this  bridge  were  found  to  be  below 
the  standard  required.  The  necessary  strengthening  of  this 
bridee  was  done  by  converting  8  land  spans  at  the  south 
end.  and  H  at  the  north  end.  each  into  two  masonry  arch 


ers  flxc^d  to  the  bridge  girders,  from  and  level  with  the 
truck  Hoor  to  the  sleeper  stacks.  The  girder  ends  were 
then  slung  to  a  cross  titnber  supported  at  each  end  of  a 
trixersing  screw  jack;  and  by  means  of  these  four  jacks, 
two  for  each  end.  the  girder  was  moved  across  into  posi- 
tion on  the  sleeper  staging.  The  above  process  occupied 
well  under  two  hours,  the  quickest  time  being  50  minutes: 
the  second  girder  of  the  pair  waf»  taken  out  and  got  over 
in  the  same  way  between  1  o'clock  and  3  o'clock,  the  in- 
tervals between  other  trains,  the  remainder  of  the  day 
being  spent  in  lowering  the  girders  onto  their  bearing 
blocks,  made  of  1  part  Portland  cement  to  2  parts  sand. 
The  sleeper  staging  as  taken  down  was  moved  and  re- 
erected  on  the  piers  of  the  next  span.  The  cross  bracing 
frames,  and  the  top  and  bottom  diagonal  horizontal  brac- 
ing bars  were  then  put  in  place,  service  oolted.  and  rivet- 
ted  up;  after  which  the  cross  sleepers  of  track.  12  ft.  x  12 
in.  X  6  in.,  were  bolted  to  the  top  flanges  of  the  girders. 
and  the  oh:iirs  and  rails  for  ."ft    »Mn.  gage  line  laid. 

Method  Employed  in  Erecting  Original  139-ft.  10  in. 
Continuous  Girders,  and  in  Removing  Them  After  Comple- 
tion of  Strengthening  the  Bridge. — After  the  new  bridge 
was   opened,   the   old    continuous   girders    were   rolled    from 


Fig.    1  — Rolling    Off    Old    Continuous    Girder— Poslth 

openings  by  the  insertion  of  a  central  pier,  the  remain- 
ing deep  river  spans  being  covered  by  new  and  strong 
steel  plate  girders,  each  ti9  ft.  M  in.  long,  weighing  33.75 
tons  per  set  with  bracings:  or  nearly  double  the  weights 
ot  the  continuous  girders  139  ft.  10  in.  long  which  they  re- 
placed, these  weighing  3S.41   tons  only. 

The  -vork  was  carried  out  as  follows  without  interrupt 
ir.g  tral'lc: 

The  lid  girders  with  their  permanent  way  were  first 
slewed  between  trains  to  the  unoccupied  double  line  side 
of  the  piers,  which  are  29  ft.  long,  after  which  the  new 
piers  and  arches  over  the  land  spans  were  built  to  carry 
a  single  line  only,  and  the  cross  sleeper  chair  road  laid 
ov...-  these.  The  now  steel  girders,  which  were  erected 
and  riveted  up  on  the  level  ground  at  the  Tongabuddra 
station,  abou'.  a  quarter  of  a  mile  from  the  bridge,  were 
then  moved  and   put   in  place  as  follows: 

ICach  of  the  pair  of  girders  was  placed  on  a  pair  of  trucks 
.vl».h  4  low  IS-in.  liameier  wheels,  which  stood  in  a  lay- 
bye.  At  once,  after  'he  first  irain  passed  at  '.'  a.  ni.  these 
'Vf.TC  drawn  by  men  over  and  along  the  existing  railway 
of  the  old  bridge,  opposite  the  opening  they  were  to  span. 
On  the  vacant  half  of  the  piers,  at  each  end  of  the  open- 
ing the  girder  was  to  sp.in.  was  made  a  stack  of  sleepers, 
of  height  sunicient  to  bring  their  top  level  with  the  truck 
floor:    cross   sleepers   being   laid   on   blocks  on   other  sleep- 


view    Also    Shows    Old   64-Ft.    Land    Spans    Converted 

their  places  to  the  bank  behind  each  abutment,  which  had 
been  previously  cut  down  to  top  of  pier  level  to  receive 
iheni. 

To  allow  of  the  rapid  erection  ot  these  girders,  the  bank 
behind  each  abutment  was  made  level  with  the  top  of 
these,  ind  on  this  the  ordinary  permanent-way  sleepers 
.vere  laid:  the  girders  were  then  put  up  on  these  four  sets 
to  s|)an  eight  openings  at  a  time,  service  bolted  and  rivet- 
ted  :  and  as  each  was  finished  it  was  lifted  by  jacks  high 
enough  to  allow  old  2fl-ft.  75-lb.  double-headed  rails  to  be 
laid  on  them  flat,  packed  in  their  web  with  hard  wood 
strips,  and  secured  to  the  lower  tlanges  of  the  girders  bv 
hook  bolls  and  straps,  the  packing  being  varied  in  thick- 
ness to  conform  to  extra  plates,  covers,  etc.,  to  form  a 
level  bearing  for  the  rails — a  fishplate  with  countersunk 
bolts  being  used  at  each  rail  joint.  The  rails  were  allowed 
io  project  at  each  end,  so  as  to  take  a  bearing  on  the  roll- 
ers before  landing  on  a  pier  and  raise  the  girder's  over- 
hanging end  from  its  deflected  position.  Over  the  center 
of  the  girders  a  platform  of  sleepers  bolted  to  the  top 
Mange  was  made  and  on  this  a  crab  winch  was  bolted. 
Four  cnst-iron  rollers  in  pairs  spiked  to  sleepers  were  laic*, 
on  each  pier  top  to  be  crossed,  as  shown,  these  being 
■^snared  >>  ft.  apart  from  center  to  center  transversely,  so 
thiit  the  rjiils  fixed  Io  the  bottom  flanges  came  on  them. 
Kroin    the    crab    winch    a    manila    rope    was    rove    through 
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a  pair  of  double  blocks,  one  fixed  to  the  front  end  of  the 
girder,  and  the  other  to  a  pier  over  6  spans  ahead,  or  as 
far  as  the  length  ot"  rope  in  use  allowed.  The  girder  was 
then  rolled  forward  by  G  to  S  men  working  the  winch,  as 
may  be  seen  in  Fig.  1.  When  the  girder  reached  its  final 
place  a  screw  jack  was  placed  under  each  end,  the  rails 
used  for  rolling  removed  for  use  on  another  set,  and  the 
girders  lowered  on  to  their  bearing  plates. 

This  method,  used  on  the  old  Madras  Ry.  for  the  very 
numerous  large  bridges  on  that  railway,  of  64-ft.  spans, 
70-ft.  centers  spanned  by  plate  girders  4  ft.  deep  and  139 
ft.  10  in.  long  continuous  over  two  openings,  proved  most 
convenient,   expeditious   and   economical   as: 

(a)  The  girders  could  be  set  up  and  rivetted  behind  the 
abutments,  so  that  all  the  work  could  be  done,  and  the 
rivets  tested  and  inspected  from  the  ground,  without  the 
use   of  staging. 

(b)  AVhen  rivetted  the  girders  could  be  quickly  and 
cheaply  rolled  into  position,  irrespective  of  flood  or  water 
in  the  rivers  they  crossed;  without  the  use  of  staging  or 
false  Vvorks  of  any  sort,  an  advantage  engineers  will  not 
be  slow  to  appreciate. 

The  girders  of  the  original  Tongabuddra  Bridge  covering 
oS  spans  TO-ft.  centers,  which  required  76,100  rivets  in  their 
erection,  were  put  up,  rivetted  and  rolled  into  place,  by 
the  writer  in  1870,  in  four  months — 6  to  8  spans  a  day 
were  rolled   over. 

When  strengthening  the  Cauvery  Bridge,  24  spans  of 
64-ft.  with  masoniT  piers  6  ft.  thick  at  top,  70  ft.  from  cen- 
ter to  center,  by  putting  new  and  strong  continuous  gird- 
ers on  the  double  line  side  of  the  piers,  the  writer  who 
was  then  District  Engineer  of  the  Division  this  was  on, 
paid  by  contract,  for  the  labor  ot  unloading  the  girder 
materials  from  railway  wagons,  erecting,  rivetting,  com- 
plete Rs.  :;60  per  set;  2  spans  or  Rs.  180  per  span — a  very 
cheap  rate. 

The  girders  complete  weighed  .^534  tons,  or,  say.  28  tons 
per  span.  There  were  2,808  %-in.  rivets  in  each  span,  the 
work  was  done  without  interruption  to  traffic.  The  old 
girders  were  rolled  off  to  the  abutments,  cut  up  at  the 
joints,  and  loaded  into  railway  wagons  for  Rs.  100  per  set, 
or  Rs.  50  per  span,  by  contract. 


Microphotographs   of   Growths' in  Water 

studies  of  the  resistance  to  filtration  of  various  samples 
of  water  have  been  conducted  for  many  years  by  Dr.  A.  C. 
Houston,  Director  of  Water  Examination  of  the  Metropoli- 
tan Water  Board  of  London.  For  the  last  3  years  his 
experiments  in  this  connection  have  been  systematized. 
A  further  advance  in  these  studies  is  noted  in  his  last  an- 
nual report.  This  consists  in  the  adoption  of  the  novel 
procedure  of  microphotographing  the  growths  in  water, 
thus  obtaining  a  permanent  quantitative  and  qualitative 
record  of  what  actually  took  place  in  the  water.  The  re- 
port, referred  to  above,  contains  224  half-tone  reproductions 
of  photographs  thus  obtained. 


Reinforced   Concrete   Sewer  Siphons  at  The    Hague. — The 

sewers  of  the  political  capital  of  the  Netherlands,  The  Hague, 
are,  after  purification,  discharged  into  the  North  Sea  near 
Scheveningen.  As  the  many  canals  of  the  district  cut  into 
the  level  of  the  underground  water,  the  conduit  has  had 
to  be  laid  with  several  up-gradients.  Under  those  condi- 
tions the  maintenance  of  the  drainage  flow  required  either 
the  application  of  pressure  or  the  use  of  siphons.  During 
the  recent  improvements  of  the  drainage,  states  Engineer- 
ing, siphons,  2  m.  in  diameter,  of  ferro-concrete,  were 
adopted.  A  cylindrical  shell  of  sheet  iron  was  embedded  in 
the  concrete.  This  shell  has  a  thickness  of  1.5  mm.;  the 
joints  are  covered  by  strips  and  welded  to  them;  the  con- 
duit was  laid  in  sections  of  4  m.  length,  which  overlap  by 
about  20  cm.;  expansion  joints  are  provided  at  distances 
of  250  m.  The  whole  concrete  conduit  has  a  length  of  2  km. 
The  concrete  layer  inside  the  shell  has  a  thickness  of  17 
em.,  the  thickness  of  the  outer  layer  is  3  cm.;  rings  and 
spirals  of  iron  are  further  embedded  in  the  concrete  to  in- 
crease its  strength. 


Principles  of  Sewage  Irrigation 

By  JAMES  CRAIG. 

From    a   paper   presented   before    Association    of   Managers    of 
Sewage  Disposal  Works. 

Selection  of  Site  for  Sewage  Irrigation  Farm. — In  choos- 
ing a  site  for  sewage  irrigation  the  nature  of  the  surface 
and  subsoil  is  of  great  importance.  An  ideal  formation 
would  be  a  gravelly  loam  overlapping  a  coarse,  gravelly 
subsoil;  indeed,  unless  a  sufficient  area  w-ith  means  for 
extension  to  something  approaching  this  type  of  land  can 
be  secured  within  reasonable  distance  of  and  altitude  to 
the  town  and  stream,  other  methods  should  be  considered. 
Any  land  having  impervious  strata  or  clay  formations 
within  3%  ft.  of  the  surface  should  be  completely  avoided 
for  irrigation  purposes. 

The  nearer  the  site  can  resemble  a  slightly  inclined  plane, 
the  better;  but  while  an  undulating  surface  is  more  costly 
to  lay  out  and  requires  greater  cost  and  skill  to  irrigate, 
the  general  principle  ot  avoiding  the  path  of  least  resist- 
ance in  actually  applying  the  sewage  to  the  land  holds 
good  on  most  treatment  areas. 

The  sewage  should  be  delivered  at  a  point  of  the  irriga- 
tion area  from  which  it  can  diverge  by  gravitation  to  the 
whole  area  and  prospective  extension  areas.  It  will  be 
found  most  convenient  to  have  the  system  of  distribution 
arranged  so  that  the  rate  of  flow  per  acre  can  be  varied, 
enabling  large  or  small  sections  of  the  area  to  be  irrigated 
or  rested  as  desired. 

Channels  for  Conveying  Sewage. — The  conveying  chan- 
nels may  be  made  of  a  variety  of  materials  such  as  wooden 
or  metal  troughs,  concrete  channels,  earthen  channels, 
stoneware  pipes,  concrete  tubes,  cast-iron  pipes,  etc.  These 
may  be  laid  above  or  below  ground,  but  the  author  con- 
siders that  glazed  stoneware  pipes  or  concrete  tubes  thor- 
oughly jointed  and  sufficiently  underground  to  be  pro- 
tected from  climatic  influences  answer  the  purpose  ad- 
mirably. Of  course  other  carriers  than  main  arteries  may 
be  advantageously  formed  in  the  soil  itself  unless  a  valley 
has  to  be  crossed,  when  pipes  laid  on  the  syphonage  prin- 
ciple would  have  to  be  resorted  to  in  preference  to  carry- 
ing the  liquor  overhead  in  open  or  closed  channels. 

Distribution  of  Sewage  on  Land. — The  distribution  of  the 
sewage  onto  the  land  requires  careful  attention.  With 
arable  land  the  ordinary  ridge  and  furrow  method  of  dis- 
tribution gives  very  good  results  as  long  as  the  sewage  is 
allowed  a  fair  velocity  for  4  ft.  or  5  ft.  after  entering  the 
furrow.  Then  the  velocity  should  be  checked  by  means 
of  small  bafl^es  made  from  the  soil  at  distances  apart  to 
suit  the  gradient  of  the  section  being  irrigated.  These  baf- 
fles can  be  made  by  spade  or  shovel,  or  an  arrangement 
can  be  fixed  on  the  ordinary  horse  hoe  to  do  the  work  more 
expeditiously.  Five-feet  baulks  are  also  suitable  for  arable 
land.  Grass  land  and  other  broadcast-sown  crops  may  be 
laid  out  with  slight  furrows  further  apart,  but  at  distances 
and  altitudes  to  ensure  quick  and  thorough  saturation  of 
the  surface. 

In  most  grades  of  irrigation  land  it  will  be  found  bene- 
ficial to  the  production  and  maintenance  of  a  good  effluent 
to  have  the  underground  drains  laid  parallel  in  preference 
to  what  is  known  as  the  "herring-bone"  or  lateral  principle, 
and  in  the  application  of  the  sewage  to  the  surface  it 
should  he  conveyed,  so  far  as  is  practicable,  in  a  direction 
parallel  to  the  underground  system  of  drainage.  Crossing 
over  the  line  of  an  underground  drain  with  furrows  convey- 
ing sewage  should  be  avoided,  as  this  often  causes  perco- 
lation of  polluted  water  directly  to  the  drains  and  the  pol- 
luting of  an  otherwise  good  effluent.  Distribution  is  greatly 
aided  by  regular  loosening  of  the  surface  of  the  ground; 
if  it  is  allowed  to  form  a  crust,  absorption  is  retarded,  the 
sewage  takes  the  path  of  least  resistance  and  ponds  in 
the  lower  places  with  often  disastrous  results  as  well  as 
aerial  and  aqueous  pollution. 

Drains  for  Effluent. — For  underground  drains  for  drawing 
off  eflluent  the  author  is  of  opinion  that  these  should  be  of 
an  average  depth  of  414  ft.  with  a  gradient  of  at  least  1  in 
1,000,  and  glazed  socketed  stoneware  pipe  drains  laid  paral- 
lel to  each  other  and  discharging  into  an  intercepting  drain 
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\«hlch  should  be  cement  Jointed  with  an  effluent  inspection 
chamber  for  each  independent  section  of  the  land.  The 
Individual  pipes  of  the  collectluK  drains  should  lie  laid  so 
that  the  spigot  end  only  enters  about  half  way  into  the 
socket — not  forced  tight  up,  as  is  done  by  many  drainers 
with  the  back  of  the  spade. 

The  trenches  should  be  excavated  sufflciently  wide  at 
the  bottom  to  admit  of  4  In.  to  5  in.  width  of  screened 
gravel  or  othor  clean,  hard  media  being  placed  along  each 
side  of  the  pipes  and  over  the  top  of  the  pipes  to  a  depth 
of  12  In.,  then  placing  new-cut  turf  Inverted  over  the  gravel 
or  a  thin  layer  of  straw  or  fine  brushwood  to  arrest  the  fine 
particles  before  getting  to  the  pipe.  The  trenches  require 
to  be  carefully  filled  and  rammed.  In  running  sand  it  would 
be  found  advisable  to  supplement  this  by  placing  a  layer 
of  line  brushwood  In  the  trench  before  laying  the  pipes  to 
prevent  the  fine  particles  getting  into  the  pipes  from  un- 
derneath and  filling  them  up. 

The  sewage  should  be  subjected  to  sedimentation  In 
tanks  prior  to  irrigation  and  the  sludge  removed  from 
the  tanks  Into  storage  lagoons  until  such  time  as  the  land 
is  void  of  crops,  when  It  can  be  carted,  spread,  and  plowed 
under  preparatory  to  planting  subsequent   crops. 


Large   Land   Reclamation   Pumping 
Stations  in  Holland 

t-'roni   Thtr    llncinvvr. 

Owing  to  the  war  and  the  consequent  great  diminution 
in  food  Imports,  the  situation  in  Holland  Is  becoming  very 
grave,  and  serious  attention  is  being  given  to  the  question 
cf  increasing  the  production  of  the  land.  Home-grown 
produce  cannot  satisfy  the  present  demand.  A  large  move- 
ment has  been  made  to  reclaim  as  much  as  possible  of  the 
land  not  in  full  cultivation,  the  first  results  of  which  are 
the  construction  of  the  two  large  pumping  stations  about 
which  :t  is  proposed  to  give  a  few  details. 

These  two  stations  are  situated  in  the  Provinces  of 
Friesland  and  Over-ljssel,  where  they  will  drain  the  rich 
polders,  which  cannot  be  properly  cultivated  at  present, 
owing  to  the  bad  natural  drainage  in  autumn  and  spring. 

The  first  station  is  at  Tacozijl,  near  Lemmer.  This  in- 
stallation Is  still  (A"gust.  1918).  under  construction,  and 
when  complete  will  consist  of  four  compound  steam  en- 
gines, each  of  .lOO  I.H.P.,  and  each  driving  two  centrifugal 
pumps,  which  will  deliver  110.170  gal.  per  minute:  making 
a  total  of  -i-IO.fiSO  gal.  per  minute  for  the  whole  station. 
.Steam  will  be  generated  in  six  boilers  of  the  Piedboeuf 
type,  with  a  combined  heating  surface  with  superheaters  of 
3.390  sq.  ft.  Surface  condensers  will  be  used,  and  two  dis- 
tillers will  supply  the  pure  water.  Economizers  will  also 
be  fitted.  The  engine  room  measures  t;2  m.  by  1.5  m.  and 
the  boiler  room  31  m.  by  10  m.  The  whole  installation  will 
be  electrically  lighted. 

The  second  station  is  in  the  north  of  the  Province  of 
Over-ljssel,  and  another  type  of  pump  is  to  be  used.  In 
this  case  the  boiler  battery,  with  economizers  and  super- 
heaters, will  have  a  heating  surface  of  4,040  sq.  ft.,  and 
two  unlflow  engines,  each  of  600  I.H.P..  will  drive  two 
pumps,  direct  couples,  delivering  together  between  3.i2,- 
'j'lQ  and  39f>,000  gal.  per  minute.    Screw  pumps  will  be  used. 

The  complete  installation  in  Friesland  is  being  delivered 
by  [>oul3  Smulders,  of  Utrecht,  and  the  second  by  Werk- 
spoor  of  Amsterdam. 


15"^;  of  Members  of  British  Water  Works  Association  in 
War  Service.  In  bis  annual  report  submitted  .Iiine  22.  1917. 
V.  \V.  McCullough.  President  of  the  Institution  of  Water 
Kngineers,  formerly  the  British  .Association  of  Water 
Works  Engineers,  stated  that  the  membership  on  Dec.  31. 
lOlti.  was  412.  a  decrease  of  13  over  the  previous  year 
and  of  16  over  1914.  Of  the  412.  fi4  were  In  active  army 
service  abroad  or  national  service  at  home.  The  net  loss 
of  3  per  cent  In  1916,  due  to  the  war,  he  slated,  was  prob- 
ably as  small  as  that  experienced  by  any  other  Institution 
of  the  kind. 


The    Setting    Process    in    Lime 

Mortars  and  Portland 

Cements 

A  contribution  to  an  International  dl><eqiiH!on  held  last  winter  by 
the   Kuraday  Soclrty. 

By  CECIL  H.  DESCH. 

The  hardening  of  a  simple  lime  mortar,  composed  only 
of  slaked  lime  and  sand  with  water,  is  a  mere  process  of 
desiccation.  The  calcium  hydroxide  forms  an  apparently 
structureless  mass,  which  may  be  either  colloidal  or  mi- 
nutely crystalline,  and  the  cohesion  of  this  mass  furnished 
the  necessary  strength.  The  sand  merely  prevents  the 
cracking  which  would  otherwise  take  place  during  the  con- 
traction on  drying,  by  sub-dividing  the  lime  into  thin  lay- 
ers. As  time  goes  on  the  calcium  hydroxide  may  recrystal- 
lize  to  a  certain  extent,  while  those  portions  of  the  mass 
which  come  into  contact  with  the  atmosphere  may  be  con- 
verted into  the  crystalline  carbonate,  but  neither  of  these 
changes  is  essential  to  the  hardening  of  the  cement.  There 
is  no  chemical  re.iction  between  the  lime  and  the  sand. 
On  the  other  hand,  when  pozzolanic  substances  are  added 
to  the  mortar,  such  as  the  volcanic  earths  of  the  Mediter- 
ranean which  were  used  by  the  Greeks  and  Romans,  the 
trass  and  ground  tiles  which  were  employed  by  the  Romans 
in  the  more  northern  regions,  or  the  burnt  brick  and  bal- 
last added  to  this  day  in  India,  a  chemical  reaction  takes 
place  between  the  lime  and  the  active  or  soluble  silica 
which  is  the  essential  constituent  of  all  pozzolanic  ma- 
terials, and  calcium  metasilic^te  is  formed. 

Portland  cement  is  a  more  complex  material.  The  con- 
stitution of  the  clinker  has  been  established  by  the  bril- 
liant investigations  of  the  Geophysical  Laboratory  staff 
at  Washington.  The  compounds  which  are  or  may 
present  at  Washington.  The  compounds  which  are  or  may 
be  present  are  tricalcium  silicate,  3CaO,SiO::  calcium 
orthosilicate,  2raO.SiO;:  tricalcium  aluminate,  SCaO.Al.-O,: 
pentacalcium  trialuminate,  5CaO,  3ALO,;  and  free  lime. 
CaO.  Campbell  has  recently  given  reasons  for  believing 
that  tricalcium  aluminate  is  rather  to  be  regarded  as  a  solid 
solution  of  lime  in  the  pentacalcium  trialuminate.  but  this 
does  not  materially  affect  the  present  problem.  Xot  more 
than  three  of  the  above-mentioned  compounds  can  be  si- 
multaneously present  in  the  clinker  in  a  state  of  equilibrium, 
but  since  the  components  do  not  reach  the  temperature  of 
fusion  during  the  process  of  manufacture,  it  is  actually 
possible  for  small  quantities  of  one  or  more  additional  con- 
stituents to  occur  in  commercial  clinker.  It  does  not  ap- 
pear, however,  that  sllnker  made  in  a  rotary  kiln  departs 
verj-  widely  from  the  state  of  equilibrium. 

An  examination  of  the  ternary  equilibrium  diagram  shows 
that  the  clinker  will  contain  a  ternary  eutectic,  there  being 
two  such  eutectics  within  the  usual  range  of  the  coniposi- 
ticn  of  clinker.  The  microscopical  examination  of  trans- 
parent sections  of  clinker  does  not  reveal  the  presence  of 
any  eutectic,  but  this  is  simply  due  to  the  minuteness  of 
the  structure,  much  overlapping  occurring  even  within  the 
thickness  of  a  thin  section.  When,  however,  the  sjieclmen 
is  polished  on  one  surface  only  and  lightly  etched,  as  In 
the  examination  of  metals,  the  eutectic  structure  Is  clearly 
revealed.  The  writer  has  published  one  such  photograph, 
and  Mr.  T.  Hattorl,  working  In  the  writer's  laboratory,  has 
since  obtained  very  beautiful  eutectic  structure  of  Japan- 
ese clinker.  The  calcium  aluminate  which  Is  chiefly  pres 
ent  as  «  constitutent  of  this  eutectic  Is  consequently  In  a 
finely  divided  form,  and  therefore  In  a  condition  to  react 
readily   with  water. 

According  to  the  explanation  of  the  setting  process  put 
forward  by  Le  Chatelier  In  1887  the  ground  cement  reacts 
with  water  In  such  a  way  that  the  silicates  and  alumlnates 
are  hydrolysed,  the  staple  compounds  being  the  hydrated 
metaslllate,  CaSIO,.2.5H.O,  and  a  hydrated  tetracalclum 
aluminate.  4CaO..\l.O.,12H.0,  the  excess  of  lime  liberated 
by  the  hydrolysis  forming  calcium  hydroxide.  Microscopical 
exairination  of  the  reactions  of  the  constituents  with  water 
led  to  the  conclusion  that  the  process  was  strictly  analogous 
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with  that  of  the  setting  of  plaster,  an  unstable  supersat- 
urated solution  of  the  basic  silicate,  for  example,  being 
formed  initially,  followed  by  rapid  crystallization  of  the 
stable  phase  in  the  form  of  radiating  needles.  In  refer- 
ence to  this  it  should  be  remarked  that  the  process  is 
largely  dependent  on  the  ratio  between  solid  and  water, 
and  that  in  hydration  experiments  on  a  microscope  slide 
the  quantity  of  water  used  is  relatively  much  larger  than 
in  the  gaging  of  cement  in  practice,  and  that  this  tact 
probably  accounts  for  certain  discrepancies  recorded  by 
different   observers. 

The  alternative  hypothesis  was  proposed  by  W.  Michaelis 
in  1893.  and  expanded  in  a  later  paper.  On  this  view, 
while  the  chemical  reactions  assumed  are  those  which 
were  shown  to  take  place  by  Le  Chatelier,  the  physical 
conditions  are  supposed  to  be  different.  The  hydrated 
metasilicate  is  considered  to  form,  not  a  mass  of  radiating 
crystals,  but  a  gelatinous  mass  or  gel.  the  gradual  dehy- 
dration of  which  brings  about  the  hardening  of  the  cement 
with  time.  The  aluminate  crystallizes  much  more  readily 
than  the  silicate;  but  even  this  is  regarded  as  forming  a 
gel  when  the  solution  is  sufficiently  supersaturated — that 
is,  when  the  quantity  of  water  is  small,  as  in  the  case  in 
the   practical   utilization   of   cement. 

The  presence  of  gelatinous  material  at  an  early  stage  of 
the  setting  process  is  readily  observed.  It  has  been  photo- 
graphed by  Stern,  and  the  increase  of  size  of  the  cement 
particles  by  absorption  of  water  and  consequent  swelling 
of  the  gelatinous  sheath  which  forms  around  them  has  been 
described  by  Ambronn,  and  may  be  readily  confirmed.  Ac 
cording  to  Colony,  a  reaction  subsequently  takes  place  be- 
tween this  early  gelatinous  material  and  the  remaining  con- 
stituents of  the  cement,  and  a  secondary  amorphous  prod- 
uct is  fr.rmed,  the  desiccation  of  which  is  the  cause  of  the 
hardening.  At  a  later  stage  crystals  of  calcium  hyroxide. 
calcite.   and   zeolites   make   their  appearance. 

Ar:  attempt  to  distinguish  between  the  various  possible 
colloidal  products  has  been  made  by  Keisermann,  using 
the  method  of  staining  with  organic  dyes.  The  results  in- 
dicate that  the  gelatinous  sheath  consists  of  calcium 
metasilicates,  which  compound  also  occurs  in  the  form  of 
small  needles,  while  the  calcine  hydroxide  and  aluminate 
assume  the  crystalline  form.  These  staining  results  with 
colloids  depend  largely  on  the  concentrations  of  the  sub- 
stances concerned,  and  the  writer,  possibly  not  working 
under  precisely  similar  conditions,  has  not  succeeded  in 
confirming  all  of  Keisermann's  results.  The  dependence 
of  the  observations  of  the  size  of  grain  has  been  pointed 
out  by  Wetzel.  Other  experiments  in  which  stains  were 
used  led  Blumenthal  to  the  conclusion  that  the  metasilicate 
and  aluminate  were  first  formed  in  a  crystalline  condition 
so  that  the  cement  sat  like  plaster,  but  that  a  colloidal 
gelatinous  silicate  was  subsequently  formed,  and  strength- 
ened the  mass  by  binding  the  crystals  together  and  filling 
the  pores. 

The  process  of  setting  of  the  individual  constituents,  as 
well  as  of  commercial  clinker  and  artificial  mixtures,  has 
been  examined  in  great  detail  in  the  laboratories  of  the 
U.  S.  Bureau  of  Standards.  The  staining  method  has  been 
applied  as  a  means  of  identification,  and  the  hydration  has 
been  followed  under  various  conditions  of  temperature 
and  proportion  of  water.  The  general  conclusion  is  that 
the  initial  set  is  due  to  the  hydration  of  the  aluminates. 
and  that  the  only  stable  hydrated  aluminate  is  the  trical- 
cium  salt,  the  water  content  of  which  is  variable.  Either 
the  5.3  compound  or  monocalcium  aluminate,  if  present, 
undergoes  hydrolysis,  and  the  tricalcium  salt  is  formed  to- 
gether with  free  alumina,  the  latter  separating  in  a  col- 
loidal hydrate  form.  In  presence  of  an  excess  of  water  the 
product  may  be  crj-stalline.  as  in  Le  Chatelier's  original 
experiments,  but  with  a  restricted  supply  of  water  an  im- 
pervious layer  of  the  amorphous  material  may  be  formed, 
retarding  the  further  action  of  water.  The  silicates  are 
hydrated  much  more  slowly,  the  products  being  calcium  hy- 
droxide and  an  amorphous  jelly  of  hydrated  silicate.  The 
hydroxide  may  be  crystalline  or  amorphous,  according  to 
the  concentration  and  to  the  rate  of  hydration.  The  hy- 
drolysis  of  the  silicates  is  even  considered   to  proceed   sc 


far  that  gelatinous  silica  is  liberated.  The  subsequent  con- 
version of  a  part  of  the  gelatinous  mass  into  crystals  is 
considered  to  result  rather  in  a  loss  than  in  a  gain  of 
strength. 

It  would  appear  that  conclusions  based  on  the  examina- 
tion of  mixtures  of  ground  material  with  water  on  a  micro- 
scope slide  must  not  be  applied  indiscriminately  to  the 
conditions  of  actual  practice.  The  ratio  of  water  to  salts 
is  of  the  utmost  importance  in  determining  the  nature  of 
the  products,  although  the  chemical  reactions  may  be  the 
same  in  both  cases.  An  attempt  has  been  made  by  Von 
Weimarn  to  show  that  the  passage  from  the  colloidal  to 
the  crystalline  condition  is  a  continuous  one,  and  that  the 
difference  consists  only  in  a  difference  of  s"ize  of  the  par- 
ticles. This  may  be  accepted  in  the  sense  of  considering 
colloidal  materials  as  being  in  such  a  fine  state  of  division 
that  the  surface  forces  are  comparable  in  their  effect  with 
those  which  depend  on  mass.  It  is  then  not  difficult  to 
understand  that  the  degree  of  supersaturation  of  the  so- 
lution may  determine  whether  the  product  which  separates 
shall  have  a  definite  crystalline  form  or  shall  be  in  the 
ordinary  sense  amorphous.  The  real  nature  of  the  colloidal 
condition  has  been  unnecessarily  obscured  by  the  barbarous 
terminology  which  has  been  adopted  by  so  many  writers 
on  the  chemistry  of  colloids,  and  especially  by  the  school 
of  W.  Ostwald. 

A  final  reference  should  be  made  to  the  action  of  catalysts 
on  the  process  of  setting.  The  subject  has  not  been  suffi- 
ciently investigated,  and  affords  a  promising  field  for  re- 
search. 


The  Effects    of    the  War   on    British 
Industries 

Before  the  war  the  Hadfield  Works  at  Sheffield  employed 
i.hOO  men  and  was  content  to  leave  many  valuable  fields  to 
Germany.  Now  the  company  employs  15.000  men  and  is 
manufacturing  everything  it  formerly  obtained  from  Ger- 
many. Commenting  on  the  changes  brought  about  by  the 
war.  Sir  Robert  Hadfield.  president  of  the  company,  is 
quoted  in  the  London  Observer  as  stating  that  after  the  war 
ends  industrial  England  will  be  50  per  cent,  more  efficient 
than  when  the  war  began,  and  this  despite  the  absence  of 
the  many  workers  whom  the  war  will  have  destroyed.  Eng- 
lish employers  generally,  he  said,  are  learning  the  lessons 
which  some  Americans  learned  long  ago.  "At  our  plants," 
he  added,  "we  have  reduced  working  hours,  with  that 
largely  beneficial  result  which  seems  to  be  inevitable.  We 
find  thaf  shorter  hours  make  good  men  better  and  bring  the 
medium  workman  up  to  something  higher  than  the  old-time 
average.  As  some  of  us  look  back  over  recent  industrial 
history,  the  fact  becomes  apparent  that  in  the  pre-war 
days,  we  in  England  were  very  skilful  in  our  efforts  to  im- 
pede our  own  progres-.  On  one  sid  the  emp'oyers.  and  -n 
the  other  side  the  men,  devoted  vast  vital  energy  to  the 
creation  of  great  combines,  each  devised  as  if  for  the  pur- 
pose of  preventing  its  side  from  advancing.  Had  not  Ger- 
many forced  war  upon  us  sve  might  have  had  good  reason 
to  fear  for  the  future.  For  years  our  employers  had  made 
an  earnest  and  successful  fight  against  the  forty-eight  hour 
week.  Now,  under  war  conditions,  when  it  is  necessary 
that  we  should  produce  at  a  maximum,  we  have  turned  to 
it  as  a  means  to  just  that  end  and  find  it  most  efficient. 
The  hostility  of  the  men  to  various  progressive  things  was 
as  unfailing  as.  for  instance,  their  opposition  to  labor-saving 
machinery.  Now  they  have  learned  that  the  better  the 
tools  the  better  the  workman,  and  that  the  better  the  work- 
man the  better  his  pay.  An  intelligent  workman  should 
have  more  self-respect  than  is  indicated  by  willingness  to 
do  labor  which  a  machine  could  do  as  well.  In  England 
workers  only  now  are  beginning  to  realize  this.  The  fact 
that  workmen  are  not  themselves  machines  is  not  yet  appre- 
ciated at  its  full  value  even  in  America,  for  if  workers 
should  be  too  proud  to  rank  themselves  as  machinery,  em- 
ployers should  be  too  wise  thus  to  rank  them.  All  employ- 
ers have  been  doing  so." 
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Design  and  Construction  Features 
of  Reinforced  Concrete  Vessels 

By  WALTER  POLLOCK,  M.  Inst.  Naval  ArchltecU. 
AliMlrait  In  The  KiiKliiocr  of  a  piiper  prt'KciiU-d  In  March,  1918. 
Iiefoio  tho  In.stliutlon  of  .S'lival  .VrohltectH. 
Ideal  Points  Aimed  At. — Designers  and  builders  are 
striving  to  produce  a  reinforced  concrete  vessel:  (1)  That 
will  as  nearly  as  possible  reduce  the  weight  of  the  hull  to 
that  of  a  steel  ship  of  the  same  deadweight  capacity;  (2) 
that  will  contain  not  more  than  one-quarter  of  one-fifth  <^ 
the  steel  that  is  required  in  a  steel  ship;  (3)  that  will  b« 
sufliciently  strong  and  safe  with  a  thin  concrete  huJJ  to 
stand  stresses  and  ordinary  knocks,  and  at  the  s^pta  iimQ 
have  the  necessary  density  to  ensure  waterj^glitaees;  <4) 
with  a  concrete  that  »'"  not  fracture  by  expansion  and 
contraction,  and  thiff  *.a«  be  protected  from  disintegration 
in  contact  with  acids,  etc.;  (5)  That  can  be  launched 
quickly   after   completion,    v^ithQiit   (Igngei-    tg   th§   concrete 


strains  due  to  unequal  loading,  grounding,  etc.,  thus  allow 
the  scantlings  to  be  lighter  than  is  necessary  for  sea-going 
vessels. 

The  ideal  design  would  appear  to  be  a  vessel  with  longi- 
tudinal construction — dispensing  with  two-thirds  of  the 
usual  floors  and  frames — fltting  only  a  few  web-frames  and 
as  many  bulkheads  as  possiule,  and,  in  addition  to  the 
usual  longitudinal  rods,  a  series  of  diagonal  ones.  In  larger 
size  vf-psels  It  would  no  doubt  be  advisable  to  fit  a  center 
bulkfiefud  for  the  full  length  of  the  ship;  but  in  any  case  it 
is  Advisable  for  cargo  vessels  to  have  the  hatch  coamings 
«4>BtJnuous  all  fore  and  aft,  as  shown  in  Fig.  1.  In  smaller 
vessels  a  continuous  earllng,  even  if  it  projects  fi  in.  above 
the  deck,  is  desirable.  The  calculations  are  in  general 
similar  to  those  of  a  steel  ship.  A  set  of  curves  of  bend- 
ing moments  and  shearing  forces  for  a  300-ton  deadweight 
vessel  are  given  in  Figs.  4  and  5. 

It  is  not  difficult  to  design  a  reinforced  concrete  vessel 
with  graceful  form,  nice  curved  lines  and  a  handsome 
sheer,  though  difficulty  and  expense  are  involved  in  build- 
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work;  (I!)  That  after  bottom  and  side  damage  has  been 
repaired,  can  be  put  to  work  again  quickly  without  waiting 
several  weeks  for  the  repair  work  to  set  and  harden. 

Consideration  of  Design. — Tlie  underlying  principles  are 
to  use  only  the  amount  of  steel  necessary  to  take  up  the 
tensile  stresses  and  for  the  concrete  to  do  the  rest  and 
stiffen  the  structure.  The  "web"  of  the  transverse  sec- 
tion of  a  steel  ship — that  is,  the  connection  of  the  deck 
and  bottom  plating — required  a  considerable  weight  of 
steel  plates  which  in  the  reinforced  concrete  vessels  is 
mostly  substituted  by  concrete.  From  the  naval  archi- 
tect's point  of  view  there  are  no  great  difficulties  in  this 
design  and  construction  of  these  vessels.  River  vessels 
have  to  provide  only  for  ordinary  hydrostatic  pressures,  ex- 
cept where  they  have  to  ground  on  an  uneven  bottom,  and 
the  shocks  and  stresses  due  to  coming  in  contact  with  other 
vessels,  quay  walls,  etc.  Sea-going  vessels  have  to  provide 
for  dynamic  forces  due  to  mooring,  berthing,  docking,  etc., 
as  well  as  sagging,  hogging,  and  torsional  strains  when 
striking  or  falling  in  a  heavy  sea.  The  vibration  of  a  ship 
In  ballast  af'T  striking  a  wave  may  be  found  one  of  the 
most  serious  problems  In  concrete  ships.  The  bending  and 
hogging  stratus  due  to  wave  conditions  can  be  readily  cal- 
culated, but  the  torsional  and  racking  strains  cannot.  Shal- 
low-draft  and   river   vessels,   having   as   a    rule    only    the 


ing  and  in  keeping  the  steel  reinforcement  in  place  during 
molding  and  casting.  To  overcome  these  difficulties,  the 
author  designed  the  "straight-lined"  vessels  in  July.  1917, 
and  published  a  number  of  designs  wherein  all  the  trans- 
verse sections  are  straight  lines  throughout  the  ship,  the 
sheer  being  also  in  straight  lines.  The  central  portion  of 
the  ship  for  more  than  two-thirds  of  the  length  is  rec- 
tangular except  tor  the  angle  of  the  bilge,  which  forms  a 
double  chine  (See  Fig.  3  and  Fig.  7). 

If  the  steel  reinforcement  is  not  kept  in  its  proper  posi- 
tion both  vertically  and  horizontally  in  the  thin  slab  walls 
of  the  shell,  bulkheads,  hatch  coamings,  bulwarks,  casings, 
etc.,  a  considerable  amount  of  the  strength  of  the  rein- 
forced concrete  structure  will  be  sacrificed.  Take  for  an 
example  a  3-ln.  slab  curved  vertically,  horizontally,  and 
diagonally,  as  is  the  case  on  the  bow  of  an  ordinary  ship- 
shaped  vessel.  It  is  almost  impossible  to  keep  all  the 
steel  work  in  Its  proper  position,  and  a  deviation  of  only 
',4  in.  of  the  bars  one  side  will  bring  them  so  close  to  the 
surface  as  probably  to  throw  off  the  concrete,  or  if  not 
Inwards  will  considerably  reduce  the  strength  of  the  slav 
locally.  Furthermore.  If  the  steel  rods  be  not  true  to  line, 
they  tend  to  straighten  out  when  subject  to  a  tensile  pull 
and  cause  the  concrete  to  burst  off,  besides  reducing  their 
effectiveness  by  Introducing  secondary  stresses. 
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The  unit  method  of  construction  is  being  tried,  but  the 
advantages  for  ship  work  have  yet  to  be  proved,  while  the 
disadvantages  are  serious;  so  that  the  monolithic  system, 
which  makes  it  easy  to  obtain  continuity  of  strength,  is 
almost  universally  used.  For  small  vessels,  barges,  etc.,  a 
slab  form  of  construction  (Fig.  10)  should  be  much  more 
economical,  as  it  dispenses  entirely  with  floors  and  frames, 
side  keelsons,  stringers,  beams,  etc.  The  forms  being  re- 
duced to  a  minimum,  are  quickly  placed  in  position  and 
more  rapid  construction  attained.  Bulwarks  and  hatch 
coamings  are  difficult  to  design  for  avoiding  damage  whilst 
loading  or  discharging  cargo.  The  former  can  therefore 
be  dispensed  with  and  hinged  stanchions  and  lifelines  sub- 
stituted, especially  if  the  hatch  coaming  is  made  continu- 
ous. The  latter  should  have  a  strong  top  and  rest  bar  to 
avoid  damage   (See  Fig.  9). 

Fenders  are  necessary  for  all  concrete  vessels  to  protect 
the  concrete,  but  in  an  experimental  barge  of  130  tons  dead- 
weight capacity,  fenders  have  been  entirely  dispensed  with 
•on  the  advice  of  the  concrete  designer,  the  corners  of  the 
gunwale  being  well  rounded  and  finished  off  with  a  mortar 


in  the  varying  net  work  sufficiently  to  suit  the  stresses. 
Various  sections  other  than  round  bars  have  been  adopted 
in  a  number  of  cases,  especially  in  America,  but  no  doubt 
the  round  bars  will  be  generally  adopted,  because  they 
utilize  the  steel  without  waste,  are  easy  to  arrange  in  po- 
sition, easier  to  bend,  more  readily  obtainable,  and  adapt 
themselves  to  a  minimum  quantity  of  concrete.  Some  claim 
that  mechanical  bond  bars — to  which  kind  all  special  bars 
belong — develop  greater  adhesion  than  round  bars,  but 
many  reinforced  concrete  experts  think  the  claim  fallacious. 
The  larger  steel  bars  are  arranged  longitudinally,  gen- 
erally in  way  of  the  deck  line  and  the  bottom  of  the  ship. 
while  there  are  also  rods  of  nearly  the  same  size  arranged 
transversely,  the  whole  being  connected  by  small  bars  from 
3/16  in.  to  1,4  in.,  forming,  say,  a  6-in.  mesh  over  the  whole 
surface,  making  as  far  as  possible  a  monolithic  structure, 
a  reduction  in  the  number  or  total  sectional  area  of  the 
rods,  both  longitudinally  and  transversely,  being  arranged 
towards  the  ends  of  the  vessel.  In  order  to  resist  the  di- 
agonal tensile  stresses  induced  in  a  beam  by  the  action  of 
the   shearing   force,   stirrups   are   frequently   introduced   ex- 


of  one  of  cement  to  one  of  sand,  so  as  to  avoid  being  chipped 
when  coming  in  contact  with  or  striking  other  barges.  A 
solid  half-round  for  the  gunwale,  as  shown  on  Fig.  10,  and 
other  chafing  irons  are  desirable  and  may  prove  an  ad- 
vantage. It  would  be  advisable  to  fit  fenders  to  all  vessels 
as  a  precautionary  measure,  at  least  for  the  present,  fol- 
lowing the  usual  method  of  fitting  close  against  the  con- 
crete work  instead  of  a  few  inches  off  the  shell  with  wood 
chocks  in  way  of  the  bolts.  A  fender  at  the  bilge,  as  shown 
on  Fig.  9,  will  protect  the  concrete  and  at  the  same  time  act 
as  a  bilge  keel.  All  edges  or  corners  throughout  the  vessel 
should  be  rounded  or  beveled  where  possible  to  prevent 
being  chipped  or  broken  off.  If  the  concrete  is  subject  to 
considerable  rubbing  or  chafing  it   will   wear  away. 

Tliere  are  the  following  methods  of  reinforcements:  (a) 
Wire  netting:  expanding  metal,  and  similar  mesh  work  with 
or  without  bars,  (b)  Flat  bars,  special  bars,  steel  joints, 
etc.     (c)  Round  bars  of  varying  diameters. 

All  these  are  suitable  for  either  the  unit  method  or 
monolithic  method  of  construction,  and  may  be  used  either 
singly  or  in   combination. 

The  wire  netting  and  expanded  metal  is  not  likely  to  be 
adopted  for  the  shell  work  of  sea-going  vessels,  because  of 
the  difficulty  in  keeping  it  true  to  line  and  obtaining 
homogeneity,  as  well  as  its  excessive  cost  and  the  difficulty 


tending  between  the  tension  and  compression  members. 
They  may  be  considered  as  the  web  members  of  a  truss 
system,  the  triangulation  of  which  will  vary  as  they  are 
placed   vertically   or  diagonally. 

The  resistance  of  concrete  to  tension  is  generally  neg- 
lected and  it  seems  desirable  to  neglect  it  in  ship  design, 
but  attention  should  be  given  to  the  fact  that  concrete  is 
comparatively  weak  in  tension,  and  therefore  may  be 
rather  unsound  for  some  part  of  the  full  thickness  of  the 
surf.acing.  and,  consequently,  the  watertightness  depends  on 
a  section  of  less  thickness.  It  seems  advisable  at  the  pres- 
ent time  to  employ  a  factor  of  safety  of  six  as  regards  the 
crushing  strength  derived  from  experiments  on  concrete 
blocks  made  in  the  ordinary  way.  and  allowed  to  dry  out 
in  the  air.  such  crushing  strength  being  that  obtainable 
at  three  months. 

In  ordinary  building  work,  considerable  dependence  is 
placed  upon  "adhesion"  of  concrete  to  steel,  as  it  is  called, 
but  perhaps  it  would  be  better  to  speak  rather  of  the 
"grip"  as  indicating  that  the  bond  between  the  steel  and 
the  concrete  is  derived  chiefly  from  the  contraction  of  the 
concrete  in  hardening  in  air.  Therefore  precaution  is 
taken  to  give  a  mechanical  bond  by  hooking  or  bending 
the  ends  of  all  reinforcement.  It  will  be  found  advantageous 
to  employ  concrete  richer  in   cement  than   that   ordinarily 
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used  for  buildings,  and  made  with  ballast  or  other  coarse 
material— sometlmo-t  called  aggregate— restricted  in  size. 
There  Is  also  another  element  In  question,  as  to  what  re- 
duction in  stress.  If  an.v.  should  he  allowed  In  concrete 
which  is  alwa.vs  kept  in  water,  and  that  which  is  alternate- 
ly wet  and  dry.  while  it  Is  necessary  In  addition  to  ascertain 
what  effect  salt  water  has  on  the  strength  of  concrete  as 
used  In  a  vessel,  although  data  go  to  show  that  salt  water 
has  no  effect  on  a  dense  concrete;  this  Is  a  subject  that  can 
well  be  experimented  with  in  regard  to  concrete  ship- 
huilding.  In  a  steel  ship.  say.  up  to  l.Ono  tons,  it  is  usual 
to  allow  a  stress  of  S  tons  per  sq.  in.  of  the  steel,  but  in 
view  of  the  uncertainty  of  the  behavior  of  the  concrete 
work  at  sea.  it  will  no  doubt  be  found  advisable  to  allow- 
only  1  '.'.  of  the  ultimate  tensile  resistance  for  the  rein- 
forcement. 

Weight  of  Hull.— The  weight  of  reinforced  concrete  hulls 
Is  the  most  serious  problem  In  the  adoption  of  this  type 
of  vessel,  the  concrete  being  143  lb.  per  cu.  ft.  plus  the 
reinforcement.  The  bare  hull  with  fittings  of  a  coasting 
vessel  of.  say.  300  tons  deadweight  will  weight  130  per 
cent  more  than  that  of  a  steel  vessel,  while  the  increase  in 
total  displacement  Is  about  40  per  cent— see  Table  I.  But 
in  another  way.  if  a  concrete  coaster  was  built  of  the  di- 


The   percentage   diCTerenco    In    weight    gradually   decreases 
up  to.  say.  25  tons  deadweight. 

T.\ni-E    I.— COMPARISON    OK    A    300-TON'    D.    W.  V'ESSEI.,    IN 
CO.NCRKTK.    WnOD    AND    STKEU 
Reinforced 

concrete.  Wood.  Steel. 

Kcncth    125   ft.  lOS   ft.  105   ft. 

nriaUth     25   ft.  23  ft.  9  In.  21    fl. 

I),.,)Ui    11   ft.  9  In.  10  fl.  7  In.  11  (L  4  In. 

OrauKht     from     bottom     of  .  .     .  , 

keel  nft   10  ft.  3  In.  10  ft.  3  In.  10  ft.  3  In. 

(no  keel)  (ke«l)  (no  keel) 

Dead   welKht   cargo,  lona..           300  300  800 
I'liliii-  inpiKlty  of  holda  and 

hiiKhway.H.    ft.    3 17.320  12.350  12.600 

r>isi>larenunt.     tons €40  49ri  456 

Tiiiio  to  construct 4  8  6 

WclKht   of   .■<teel.    tons 2S%  IB  110 

%V.;Ik1u  of  ti.ire  hull.  tons. .            290  140  120 

Disadvantages. — The  principal  disadvantages  are:  (a) 
Greater  weight  and,  consequently,  greater  displacement  for 
the  same  deadweight,  (bl  Increase  of  net  tonnage  and 
consequent  increase  In  port  and  harbor  dues,  (c)  Increased 
cost  of  building  and  launching  ways,  (d)  Longer  time  to 
repair   it   bottom    repairs   are   necessary. 

Advantages:  (1)  Much  less  steel  than  is  necessary  for  a 
steel  vessel,  and  no  waste  due  to  scrap.  (2)  No  loss  of 
strength  due  to  rivet-holes  and  jointing  as  in  a  steel  vessel. 
(3)    Cheaper   and    quicker   construction.      (4)      Very      little 
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mensions  and  coefflclence  of  fineness  of  a  420-ton  dead- 
weight steel  vessel,  it  would  only  carry  300  tons  dead- 
weight on  the  same  draft.  The  linear  Increase— length, 
breadth,  and  depth — would  be  12  per  cent  to  14  per  cent 
greater  for  a  concrete  vessel  than  for  a  steel  vessel. 

Table  I  shows  a  comparison  of  a  300-ton  deadweight 
auxiliary  coaster  In  concrete,  wood  and  steel.  The  figures 
in  the  table  of  the  SHO-lon  concrete  vessels  are  based  on 
the  ordinary  method  of  construction,  as  shown  in  Figs.  1 
to  3,  and  not  in  the  author's  improved  method  of  construc- 
tion shown  In  Fig.  8.  The  practice  of  stating  that  a  con- 
crete hull  is  from  50  to  70  per  cent  heavier  than  a  steel 
vessel  of  the  same  dimensions  does  not  give  a  fair  com- 
parison, because  the  concrete  hull  would  carry  much  less 
cargo.  The  method  of  comparing  the  weights  to  vessels  of 
similar  deadweight  has  therefore  been  adopted.  It  will  he 
seen  that  the  total  steel  is  only  27  per  cent,  the  reinforce- 
ment alone  accounting  for  25  per  cent  of  that  of  a  steel 
vessel  of  the  same  deadweight  capacity.  The  weight  of  the 
bare  hull  of  the  500-ton  vessel,  illustrated  by  Figs.  8  and  9. 
Is  only  4tiO-tons.  which  shows  a  reduction  of  l.i  per  cent, 
as  compared  with  the  figures  of  the  300-lon  concrete  vessel. 
.\  l.OOii-ton  deadweight  towing  lighter  would  weigh  about 
f<0  per  cent  to  lOo  per  cent  more,  the  displacement  being 
about  2.T  per  cent  more,  and  the  linear  increase  7  per  cent 
more  than  that  of  a  steel  lighter  of  the  same  deadweight. 


skilled  labor,  no  platers,  anglesmiths.  or  riveters  required. 
(5)  Longer  life  and  reduced  depreciation.  (6)  Reduced  up- 
keep and  repair  bill.  (7)  Freedom  from  dry  rot  as  in 
wooden  vessels,  and  freedom  from  corrosion  as  in  steel 
vessels.     (8)   Smoother  surface  and  less  skin  friction. 

With  regard  to  depreciation,  so  far  as  can  be  at  present 
ascertained,  the  concrete  should  last  for  several  hundred 
years.  Depreciation,  however,  may  take  place  in  the  steel 
bars  due  to  corrosion  and  fatigue  of  the  metal.  The  former 
will  only  occur  If  the  concrete  is  permeable  to  water  and 
air:  this  can  be  avoided  by  a  careful  selection  of  materials 
used  and  by  strict  overseeing  of  the  mixing  and  casting 
operations.  The  question  of  fatigue  of  the  metal  would 
depend  upon  the  stresses  set  up  on  the  steel  due  to  the 
"working"  of  the  ship,  but  this  is  not  likely  to  affect  the 
vessel  up  to.  say,  the  first  50  years  of  its  life. 

Local  Strength. — Damage  as  a  result  of  a  collision  should 
not  !«•'  so  serious  as  some  critics  appear  to  Imagine.  As  an 
instance  of  the  strain  reinforced  concrete  is  capable  of 
withstanding,  there  is  in  Flanders  today  a  tank  of  a  water 
tower  that  was  brought  to  the  ground  with  a  crash  by  the 
legs  having  been  shot  away,  and  yet  the  tank  is  still  cap- 
able of  holding  water.  It  is  6f.  ft.  by  33  ft.  by  8  ft.  fi  In. 
deep.  The  forces  set  up  by  collision  are  practically  Incal- 
culable, and  depend  upon  the  speed  of  collision,  the  angle 
of  the  Impact,  the  point  at  which  the  impact  occurs,  and 
other  factors.     However,  the  local  strength  of  the  structure 
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can  be  arVanged  to  withstand  a  momentum  or  blow  which 
compares  quite  well  with  ordinary  steel  construction.  The 
repairs  can  be  made  quickly,  but  bottom  repairs  may  re- 
squire  three  weeks  to  harden  before  the  vessel  can  be  loaded 
and  put  to  sea. 

Classification  Rules. — At  present  there  are  no  recognized 
rules  for  the  construction,  although  all  of  the  Classification 
Societies  are  studying  the  subject.  The  Norwegian  Veritas 
have  formulated  some  rules  which  include  the  following: 
The  stress  on  the  steel  is  not  to  exceed  6.35  tons  per  sq.  in. 
when  in  compression  and  5.8  tons  per  sq.  in.  when  in 
tension.  The  modulus  of  elasticity  in  the  concrete  is  to  be 
taken  as  1/15  of  steel.  The  stress  when  in  compression 
not  to  exceed  570  lbs.  per  sq.  in.  or  1  C  the  strength  of  the 
concrete.  The  stress  when  in  tension  not  to  exceed  57  lbs. 
per  sq  in.  The  outer  bottom,  between  the  floors,  is  to 
resist  a  water  pressure  equal  to  50  per  cent  more  than 
the  maximum  draught,  and  in  foreign-going  vessels  for  20 
per  cent  amidships — 25  per  cent  of  motors  fitted  aft — to 
resist  a  pressure  of  twice  the  vessel's  maximum  draught. 
The  inner  bottom,  where  fitted,  to  resist  a  pressure  equal  to 
25  per  cent  more  than  the  maximum  draught.  The  sides  of 
the  vessel  between  the  frames  to  resist  a  pressure  of  75  per 
cent  of  the  maximum  draught,  the  forecastle  GO  per  cent, 
and  the  bridge  or  deck-house  50  per"  cent.  The  deck  be- 
tween the  beams  to  resist  a  pressure  equal  to  35  per  cent 
of  the  maximum  draught.  Stanchions  to  beams  and  hatch 
ends  are  supposed  to  bear  a  weight  of  water  4.35  It.  on  the 
main  deck,  and  2.85  ft.  on  the  upper  deck.  A  water-tight 
bulkhead  to  resist  a  head  of  water  equal  to  its  height,  plus 
3.35  ft.  The  deck  and  bulkhead  steel  rods  to  be  covered 
with  at  least  %  in.  of  concrete,  and  those  in  tlie  bilges  with 
at  least  %  in.  of  concrete.  Where  rods  have  to  resist 
pressure,  they  are  to  be  spaced  not  more  than  15  diameters 
apart.  The  overlap  of  rods  to  be  60  times  the  diameter. 
Welding  is  only  allowed  by  special  permission.  A  solid 
lender  of  wood  to  be  fitted  for  the  whole  length  of  the  vessel 
above  the  load-line.  Ceilings  and  cargo  battens  must  be 
fitted  in  all  cases.  When  the  hatch  coamings  are  made  of 
concrete,  they  must  be  boarded  with  wood,  or  protected  in 
some  other  way  against  knocks.  The  stern  frame  is  to  be 
the  size  required  for  a  steel  vessel  of  similar  size. 

Lloyd's  Register  of  Shipping  are  prepared  to  give  an  "A" 
Experimental  Class  to  vessels  approved  by  them,  and  will, 
no  doubt,  in  due  time,  prepare  rules,  as  also  the  British 
Corporation  Registry  Bureau  Veritas,  etc. 

Concrete  Material. — The  best  concrete  is  the  concrete 
that  is  the  densest — the  principal  consideration  is  its  per- 
meability. To  obtain  the  necessary  density  the  cement 
must  be  finely  ground,  the  aggregate  carefully  graded  and 
not  too  coarse,  and  the  mixing  thorough.  If  the  concrete 
is  too  rich  It  is  subject  to  greater  contraction  and  cracks. 
It  is  made  of  cement,  sand,  and  aggregate,  and  for  ship 
^ork  the  proportions  are  usually  of  1  to  1%  to  1%  by 
weight,  although  the  author  prefers  to  specify  a  mixture  of 
1  to  3  graded  %  in.  downwards.  The  cement  usually  ob- 
tainable is  to  the  British  Standard  Specification,  which  pro- 
vides for  a  residue  on  a  sieve  180  by  180  =  32,400  meshes 
per  sq.  in.,  not  exceeding  14  per  cent.  The  finer  the  grind- 
ing the  better,  and  as  manufacturers  now  often  produce 
cement  with  up-to-date  machinery,  a  residue  of  G8  per  cent 
might  be  insisted  upon  with  advantage.  The  great  point 
is  to  get  a  concrete  that  is  not  only  strong  but  impervious 
to  water,  for  otherwise  the  reinforcement  may  rust  and 
throw  off  the  concrete.  The  sand  should  be  clean  and 
sharp,  and  pass  through  a  sieve  having  square  meshes  3/16 
in.  in  the  clear;  the  grains  should  vary  regularly  between 
coarse  and  fine  ^without  a  large  proportion  of  either  ex- 
treme. The  aggregate  must  be  clean  and  sharp  and  able 
to  pass  through  a  %-in.  mesh,  and  be  retained  on  a  3  16  in. 
mesh.  If  the  aggregate  is  large,  the  homogeneity,  even 
when  tamped,  would  not  be  as  perfect  as  it  should  be.  The 
best  concrete  will  be  obtained  from  crushed  granite  chip- 
pings  from  14  in.  dust  washed.  If  crushed  granite  is  not 
available,  and  it  is  proposed  to  use  gravel,  preliminary  dry 
experiments  can  be  made  by  filling  a  measure  with  the 
gravel  and  then  finding  the  greatest  amount  of  sand  which 
■can   be  mixed   with  the  gravel   and   shaken  into  the   same 


measure.  This  will  be  in  the  neighborhood  of  35  per  cent. 
10  per  cent  more  than  this  ascertained  quantity  should  give 
the  correct  ratio.  Smooth  gravel  should  not  be  used,  but 
crushed  flint  and  crushed  gravel  would  do  very  well. 

Reinforcing  Material. — The  steel  for  the  rods  is  usually 
shipyard  quality  of  mild  steel  28  to  32  tons  per  sq.  in. 
tensile,  although  some  reinforced  concrete  experts  prefer 
medium  carbon  steel — to  which  category  shell  discard  steel 
belongs — with  35  to  45  tons  per  sq.  in.  tensile,  a  contraction 
of  area  at  fracture  not  less  than  45  per  cent  to  withstand 
bending  cold  to  180°  around  a  diameter  equal  to  twice  that 
of  the  bar  without  fracturing  the  skin  of  the  bent  portion. 
All  bars  used  to  be  bent  cold,  and  any  showing  signs  of 
brittleness  in  the  process  of  bending  to  be  rejected. 

Structural  Details  of  Co.Tcrete  Work. — A  minimum  cov- 
ering of  the  reinforced  steel  work  with  concrete  is  de- 
sirable so  as  to  reduce  the  weight  of  the  structure,  while, 
at  the  same  time,  it  must  be  sufRciently  strong  to  prevent 
the  concrete  from  breaking  away  under  the  torsional  and 
other  stresses  that  a  vessel  is  subject  to.  For  the  slab 
work  it  will  be  found  necessary  to  have  at  least  a  covering 
of  1%  in.  of  concrete  over  all  the  bars,  floors,  frames,  and 
keelsons,  and  where  heavy  bars  are  used  it  is  advisable  to 
have  a  covering  of  not  less  than  1  in.  of  concrete,  and  even 
IVi  in.  may  be  necessary.  The  deck  may  have  a  granite 
finish  composed  of  14  in.  washed  granite  and  cement  gauged 
214  to  1.  laid  at  the  same  time  as  the  under  concrete,  and 
sprinkled  with  fine  carborundum  before  the  casting  is  fin- 
ished. The  latest  vessels  being  constructed  by  the  author 
are  having  a  chequer  pattern  cast  in  the  finishing  coat.  For 
a  300-ton  vessel  a  3-in.  shell  or  slab  work  will  be  found 
sufficient,  for  a  500-tonner  3%  in.,  and  for  a  1.000-tonner 
4  in.. 

Structural  Details  of  Hull,  Steel  Work  and  Fittings.— The 
stern  frame  requires  special  consideration  and  is  designed  to 
ensure  proper  attachment  to  the  reinforced  concrete  work, 
especially  where  a  stern  tube  is  fitted.  Fig.  2  Illustrates 
the  author's  patent  stern  frame,  the  construction  in  sev- 
eral pieces  being  really  a  war  measure  and  designed  to 
reduce  the  amount  of  forged  work  to  a  minimum.  It  will 
be  noticed  that  the  reinforced  rods  are  well  connected  to 
the  plates  and  angles.  At  present  it  is  hardly  worth  while 
to  make  the  rudders  of  concrete,  although  this  is  quite 
possible  for  large  ships;  the  same  remarks  apply  to  masts. 
Cost  of  Construction. — The  prime  cost  of  the  finished  re- 
inforced concrete  work  for  an  ordinary  vessel  with  ship- 
shaped  lines  at  the  present  time  should  average  £8  15s 
($43.60)  per  ton,  made  up  with  the  double  forming  at  18s. 
per  sq.  yd.  for  timber  and  6s.  6d.  for  labor — the  concrete 
at  Is.  8d.  per  cu.  ft.,  and  the  round  steel  bars  from  £16 
10s.  per  ton  for  the  large  diameter  to  £22  10s  per  ton  for 
the  small  diameters.  Vessels  with  straight  lines  will  cost 
less,  and  probably  a  saving  of  £1  to  £1  5s  per  ton  will  be 
made,  the  usual  establishment  charges  and  profit  being 
added.  These  figures  are  based  on  a  300-ton  deadweight 
coaster,  for  the  first  vessel  only.  Larger  vessels  would, 
of  course,  show  a  reduction.  Assuming  that  the  shuttering 
will  last  for  five  vessels  of  the  same  design,  the  cost  of  the 
wood  could  be  divided  over  that  number,  but  would  require 
an  addition  of  10  per  cent  of  wood  in  each  case  to  cover 
depreciation  and  damage.  If  the  wood  were  coated,  as 
mentioned  on  page  13.  the  straight  shuttering  might  last 
for  eight  vessels  and  the  curved  for  six  vessels.  The  cost 
of  removal  and  re-erection  for  the  second  and  subsequent 
vessels  might  be  taken  at,  say,  !)s.  per  sq.  yd.  for  double 
shuttering  on  each  occasion.  The  cost  of  fenders,  wood 
work  generally,  fittings  and  equipment  will  be  the  same  as 
for  a  steel  or  wooden  vessel  of  the  same  size,  but  owing 
to  the  larger  dimensions  will  be  about  8  per  cent  greater 
for  a  vessel  of  the  same  deadweight.  A  considerable  re- 
duction is  obtainable  in  the  labor,  because  anglesmiths. 
platers  and  riveters  are  practically  dispensed  with.  Taking 
the  hull  complete  and  comparing  with  steel  and  wood  con- 
struction, even  if  the  steel  is  obtainable  at  £11  15s.  per 
ton.  concrete  vessels  of  the  same  deadweight  should,  if 
standardized,  be  constructed  at  20  per  cent  less  cost  than 
a  steel  vessel,  and  10  per  cent  less  cost  than  a  wooden 
vessel.     The  machinery  for  propulsion  will,  of  course,  cost 
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more  because  ot  the  extra  displacemeiil.  With  regard  to 
the  time  for  construction  after,  say,  three  building  berths 
had  been  prepared,  with  ample  labor  available,  and  after 
the  first  vessel  has  been  cast,  the  one  set  of  shuttering,  so 
long  as  it  lasts,  should  enable  a  barge  of  13u  tons  dead- 
weight to  be  completed  and  launched  every  ten  weelcs,  a 
300-ton  deadweight  coaster  every  16  weeks,  and  a  1,000-ton 
deadweight  coaster  every  20  weeks. 

The  Croydon  and  Wolverhampton 
Sewage  Disposal  Experiments 

Krom   111.-   |ir>si,l..iiii;i|   a<lilr.--s  <_,S   Mr.    lOilw.inl    WiUii.\    u,   tin- 
.\s.-<i).-mt.oii  III   .Manam-rs  of  .S.-\vam-  LMsposal  Works. 

Croydon  Experiments. — In  connection  with  the  question 
oi  utilization  of  sewage  to  the  best  advantage,  some  inter- 
esting work  has  been  done  at  Croydon  sewage  farm  during 
•.he  last  two  years  by  Mr.  J.  E.  Farmer,  F.C.S.  The  policy 
adopted  there  Is  based  on  the  principle  that  the  solid  mat- 
ter in  sewage  deposits  more  nitrogen  than  mineral  fertil- 
izers. This  being  so,  the  soil  new  to  sewage  treatment 
would  have  a  balance  of  mineral  salts,  and  with  the  help 
of  nitrogenous  manure  would  produce  heavy  crops  at-  first. 
If,  however,  owing  to  the  long  continued  application  of  sew- 
age. U>e  nitrogen  is  added  at  a  greater  rate  than  its  deple- 
tion by  cropping,  and  without  a  corresponding  increase  of 
the  mineral  matters,  which  are  also  depleted  by  cropping, 
the  soil  eventually  becomes  out  of  balance  for  heavy  crop 
production.  The  operations  at  Croydon  which  consisted  of 
the  application  of  artificial  fertilizers,  lime,  basic  slag,  etc., 
in  order  to  restore  this  balance,  resulted  in  doubling  the 
yield,  and  have  been  financially  successful.  I  believe  this  is 
the  first  sewage  farm  where  a  systematic  and  scientific  use 
of  artificial  fertilizers  has  been  tried  to  restore  the  balance 
of  mineral  and  nitrogenous  matters  in  the  soil. 

Experiments  at  Wolverhampton. — Experiments  have  been 
carried  out  recently  by  Mr.  \Vm.  Clifford.  M.  Inst.  C.  E.  of 
Wolverhampton,  in  order  to  determine  the  type  of  tank  best 
adapted  for  sedimentation  of  sewage,  and  to  prevent  the 
short  circulating  and  eddies  which  all  who  have  tried  by 
means  of  a  color  test  to  time  the  passing  of  a  liquid  through 
a  tank  have  no  doubt  observed.  The  underlying  principle 
■of  Mr.  Clifford's  experiment  is  to  dissipate  the  energy  of 
the  incoming  sewage,  and  bring  it  to  rest  in  the  shortest 
possible  time,  to  prevent  eddies,  and  to  ensure  that  all  the 
sewage  received  into  it  should  remain  for  an  equal  period 
of  time  in  the  tank.  The  large  number  of  exhaustive  exper- 
iments carried  out  were  of  remarkable  interest,  and  re- 
sulted in  the  design  and  construction  of  the  sedimentation 
Tank  used  in  connection  with  the  activated  sludge  system 
at  Withington.  Manchester,  which  so  admirably  fulfills 
these  functions,  notwithstanding  the  fact  that  activated 
sludge  contains  much  flocculent  matter,  and  is  particularly 
sensitive  to  any  variation  of  rate  of  flow,  or  increased  veloc- 
ity duo  thereto.  Briefly  described,  this  tank  is  of  the  Dort- 
:n'ind  type.  Its  essential  feature  being  in  the  method  of 
feeding  adopted.  The  sewage  pa.ssing  down  a  central  pipe 
if  discharged  into  a  circular  vessel  of  somewhat  larger 
diameter.  Outside  this  a  guard  chamber  is  constructed,  the 
dimensions  of  the  tank,  the  vessel  and  the  .?uard  chamber 
are  so  proportioned  that  eddies  are  prevented,  and  the 
tnergy  of  the  incoming  sewage  is  effectually  dissipated. 


Cost  Plus  Profit  and  Bonus  Contracts  for  British  Ship 
Building. — According  to  the  Report  of  the  Committee  of 
Public  Accounts  of  Great  Uritain.  issued  last  August,  the 
Admiralty,  in  the  absence  of  competition,  adopted  a  new 
form  of  contract  for  ship  building  based  on  net  cost  plus 
establishment  charges,  with  a  profit  of  10  per  cent  on  the 
estimated  cost  and  a  bonus  of  10  to  20  per  cent  on  the 
amount  by  which  the  actual  cost  proved  less  than  the 
agreed  estimated  cost.  The  establishment  charges  are 
taken  on  one  of  two  liases;  either  a  percentage  or  as 
ascertained  by  the  Admiralty.  This  system  has  been  mod- 
ified further  by  transferring  to  establishment  charges  cer- 
tain fixed  amounts  not  bearing  any  relation  to  actual  or 
•estimated  cost. 


Construction  Features  of  theTrans- 
Australian  Railway 

Iroiii    Til.-    lOriKiM.-.  r. 

The  formal  opening  of  this  1,0.'.2  mile  railway  took  place 
on  Nov.  12,  1917.  The  first  sod  was  turned  at  I'ort  Augusta 
on  Sept.  14,  191:'.  In  mere  l<n«th  the  line  far  exceeds  any- 
thing ot  the  kind  previously  undertaken  in  Australia.  It  is 
practically  twice  as  long  as  all  the  railways  in  the  sute  of 
Tasmania,  and  nearly  half  as  long  as  all  the  railways  of 
So'ilh  Australia.  Between  Kolgoorlie  and  Port  Augusta, 
the  gage  is  4  ft.  S'-i  in.  The  rails  used  weigh  SO  lb.  to  yard. 
The  ruling  gradient  is  1  in  So  and  though  there  were  long 
stretches  in  which  the  earthwork  was  very  light,  the  con- 
struction nevertheless  Involved  the  removal  of  about  5,- 
000,000  cu.  yd.  earth  and  rock.  In  one  25-mile  section 
through  sandhill  country  some  1,000,000  cu.  yd.  of  excava- 
tion was  required.  Some  of  the  cuts  through  the  sandhills 
had  to  be  faced  with  stone  to  prevent  the  sand  from  sifting. 
In  crossing  the  Nullarbor  Plain  the  line  runs  for  350  miles 
without  a  curve. 

Difficulties  of  Construction. — In  all  Its  length  of  1,052 
miles  there  are  no  permanent  streams,  and  such  supplies  of 
water  as  were  available  were  wholly  inadequate  in  quantity 
and  mainly  unsuitable.  On  a  stretch  of  840  miles  there  was 
only  one  known  source  of  supply.  For  nearly  800  miles,  also 
the  country  was  without  a  trace  of  settlement.  For  the 
wants  of  the  3.000  men  or  so  employed  on  the  construc- 
tion and  the  hundreds  of  animals  needed  for  the  undertaking, 
the  country  yielded  nothing  for  three-quarters  of  the  way 
but  a  certain  amount  of  feed  for  the  animals  and  firewood. 
Even  the  latter  failed  on  the  great  plains  through  which 
the  line  runs  for  450  miles. 

Progress  of  Construction. — Operations  were  begun  at 
both  ends,  and  the  whole  work  from  start  to  finish  con- 
trolled by  the  chief  engineer,  Mr.  Norris  G.  Bell.  While 
there  were  no  mountains  to  cross  nor  fast  flowing  rivers  to 
bridge,  difficulties  were  encountered  of  a  type  up  till  then 
unknown  in  Australia. 

Steam  shovels  were  extensively  used  in  the  cuts  and 
sand  pits.  Scoops  and  side-tip  cars  with  light  lines  of  rail- 
way leading  from  the  cuts  were  also  employed.  Motor 
tractors  also  were  used  for  plowing  up  the  surface  of  the 
ground,  and  were  found  to  be  most  useful.  Motor  cars  were 
found  most  handy  for  facilitating  the  movements  of  the 
supervisors.  Large  numbers  of  camels  were  employed.  The 
advance  engineering  staff  was  accommodated  in  a  camp  train, 
which  consisted  of  an  office  car,  a  store  car.  a  hospital  car. 
etc.  As  the  rails  were  extended  the  train  a'dvanced  so 
that  the  supervisors  were  always  on  the  scene  of  opera- 
tions. Owing  to  shortage  of  water  and  the  consequent 
difliculties  in  transport,  the  earthwork,  etc.,  could  only  be 
carried  on  immediately  in  advance  of  the  railhead. 

A  Roberts  tracklayer  was  employed  for  laying  the  rails. 
At  one  end  alone  1  mile  of  track  per  day  was  laid  day  after 
day.  At  times  as  much  as  l',2  miles  per  day  were  laid.  At 
the  western  end  in  one  period  of  48  weeks  the  tracklayer 
covered  249  miles — an  average  of  very  nearly  1  mile  per 
working  day.  In  another  period  of  22  weeks  115  miles  were 
laid. 

The  bases  of  operation  were  Kalgoorlie  at  the  western 
end  and  Port  Augusta  at  the  eastern.  Kalgoorlie  had  a 
population  of  30.000  to  draw  upon  for  labor,  and  a  water 
supply  available.  It  lies  387  miles  inland  from  Kremantle, 
with  which  it  is  connected  by  a  3'i-ft.  gage  line.  All  ma- 
terial and  supplies  had  to  be  transported  over  that  narrow 
gage  lino  from  the  seaboard  or  other  parts  of  the  state. 
I^ort  Augusta  is  one  of  the  best  ports  in  South  Australia, 
so  that  supplies  and  materials  could  be  landed  right  at  the 
rail  head. 

Special  Problems  Encountered — The  building  of  the  line 
necessitated  the  solution  of  numerous  problems  of  a  most 
unusual  character.  The  organization  of  transport  and  sup- 
plies for  the  thousands  of  men  in  the  wilderness  traversed, 
the  water  supply  question,  and  the  necessity  of  undertaking 
all  sorts  of  subsidiary  enterprises  which  normally  form  no 
part  of  railway  construction,  all  added  to  the  task.    To  meet 
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these  special  conditions  the  Commonwealth  Railway 
Department  had  to  become  a  wholesale  and  retail 
storekeeper,  a  boarding  house  keeper,  an  owner  and  breeder 
of  camels,  a  dealer  in  horses,  a  hospital  board,  a  branch  of 
the  post  office  and  savings  bank,  and  many  other  things. 

The  stores,  fixed  on  wheels,  on  the  eastern  section,  cat- 
ered for  about  2,000  people  scattered  along  40u  miles  of 
line.  They  carried  a  stock  worth  nearly  |100,000,  and 
supplied  anything  and  everything — groceries,  draperies, 
boots,  medicine,  hardware,  silk  shirts,  and  even  brilliantine 
for  the  hair.  The  store  on  wheels  carried  not  only  a  travel- 
ing pay  office  and  a  general  store,  but  baker's,  butcher's 
and  green  grocer's   shops. 

The  men  could  buy  food  at  reasonable  prices,  and  cook  it 
themselves,  or  they  could  get  board  at  a  ranch  run  by  the 
Commonwealth.  E\ery  provision  was  made  for  accidents 
or  sickness  among  the  workers.  On  each  end  of  tba  line 
was  a  well  equipped  hospital  car  with  a  qualified  chemist 
and  dispenser.  Medical  attendance  was  also  available. 
For  these  specal  services  the  workers  on  the  line  paid  12 
ct.   each   per  week. 

At  the  bigger  and  more  permanent  depots  and  quarries, 
where  large  numbers  of  men  with  families  were  working, 
schools  were  established  for  the  children,  the  State  supply- 
ing teachers.  There  were  several  hundred  children  along 
the  line.  The  main  camps  were  at  the  head  of  the  road  in 
each  section.  From  these  camps  the  rails  were  pushed 
forward  from  day  to  day,  and  at  frequent  intervals  the 
camp  itself  was  moved  forward  so  as  to  keep  the  gangs 
as  near  as  possible  to  their  work. 


Training  of  Engineers  for  Specialization 
in  Waterworks  Practice 

At  a  general  meeting  of  the  Institution  of  Water  Engi- 
neers at  London  last  June  an  interesting  discussion  on 
the  training  of  water  engineers  was  submitted  by  Mr.  E.  J. 
Silcock.  representative  of  the  Institution  on  the  British 
Engineering  Training  Organization.  Jlr.  Silcock  considered 
the  subject  under  two  heads:  first,  the  broader  question 
of  the  training  of  civil  engineers,  and,  secondly,  the  amount 
of  specialization  necessary  for  those  who  intend  to  prac- 
tice as  water  works  engineers.  His  outline  of  the  scheme 
of  study  for  a  youth  intended  to  follow  the  profession  of 
civil  engineering  was  as  follows:  (DA  good  general  edu- 
cation at  a  public  school:  (2)  education  at  a  university  on 
the  theoretical  side  of  the  profession  for  a  period  of  two 
years;  (3)  an  apprenticeship  for  a  period  of  three  years, 
with  a  civil  engineer  in  active  practice.  He  suggested  that 
the  training  at  the  university  should  commence  at  the  age 
of  17.  He  also  suggested  a  radical  alteration  in  present 
methods  to  adapt  the  university  course  more  or  less  to 
the  conditions  appertaining  in  business  life:  i.  e.,  office 
hours  should  be  maintained,  and  holiday  periods  should 
be  much  curtailed.  According  to  his  views  no  attempt 
should  be  made  to  teach  drawing,  which  could  be  better 
done  in  the  office  when  period  of  apprenticeship  arrived: 
nor  should  it  be  necessary  to  teach  the  pupil  mere  manual 
dexterity  with  machine  tools. 

As  to  the  specialized  training  of  water  engineers,  Mr. 
Silcock  suggested  that  the  students  should  specialize  im- 
mediately after  leaving  the  university  by  entering  the  office 
as  a  pupil  of  a  member  of  the  Institution  of  Civil 
Engineers,  who  either  holds  a  public  appointment 
as  engineer  to  a  water  works  undertaking,  or  one  who. 
if  in  consulting  practice,  is  mainly  engaged  in  the 
design  and  construction  of  water  works.  It  was 
thought  desirable  that  there  should  be  established  a  di- 
ploma in  water  works  engineering,  which  should  be  re- 
garded as  supplementary  to.  and  not  a  substitute  for  the 
associate  membership  of  the  Institution  of  Civil  Engineers. 
One  point  in  connection  with  the  pupilage  in  the  office  of 
a  consulting  engineer  which  received  attention  was  the 
suggestion  that  the  pupil  should  study  all  the  reports, 
specifications,  tenders  and  bills  of  quantities.  It  was  re- 
marked that  many  consulting  engineers  refused  to  allow 
their  pupils  to  have  access  to  these  documents. 


Algal  Growths  and  Chlorine  Treat- 
ment of  London  Waters 

From  the  report  of  Dr.   .\.   C.   Houston.  Director  of  Water  Exam- 
ination.   Metropolitan    Water    Board.    London,    for    the 
year  ended  March  31.   191S.    - 

Treatment  of  Algal  Growths. — It  has  frequently  been 
pointed  out  that  in  algal  treatment  the  offending  growths  can 
be  destroyed,  yet  the  risk  may  remain  of  other  and  more 
resistant  growths  taking  their  place.  A  notable  instance 
occurred  in  l!il7  during  the  continuous  treatment  of  No.  1 
reservoir  at  the  West  Middlesex  Works  with  copper  sul- 
phate (]  in  4  millionp).  The  growths  (Fngillaria,  Asterio- 
nella.  Stephanodiscus,  filamentous  confervoid  growths,  etc.) 
affecting  the  neighboring  reservoirs  were  almost  completely 
held  in  check,  but  a  fresh  growth,  composed  of  such  exces- 
sively minute  cells  that  they  pass  readily  through  four  folds 
of  fine  linen,  developed  abundantly  and  caused  serious 
blocking  of  the  filters.  Incidentally,  this  result  shows  that 
linen  filtration  results  cannot  always  safely  be  compared 
with  slow  sand  filtration. 

In  August.  1915,  a  very  decided  growth  of  Stephanodiscus 
occurred  in  the  Stoke  Newington  reservoirs,  causing  rapid 
choking  of  the  filter  beds.  At  the  beginning  of  July,  1917, 
a  very  similar  growth  (Cyclotella)  began  to  develop,  but 
the  part  played  was  no  longer  a  passive  one.  By  a  judicious 
combination  of  chlorine  and  copper  sulphate  treatment  the 
filtration  difficulties  were  entirely  overcome,  no  water  was 
wasted,  and  the  use  of  the  reservoirs  as  settling  and  purify- 
ing agents  was  practically  continuous.  The  procedure  was 
to  shut  off  the  west  reservoir  for  a  few  days,  whilst  it  was 
being  treated  with  copper  sulphate  (1  in  2  millions),  and 
to  short-circuit  chlorinated  water  through  the  east  reser- 
voir on  to  the  filter  beds.  A  recrudescence  of  the  growth 
occurred  later  on  more  than  one  occasion,  but  it  was  each 
time  dealt  with  in  a  similarly  successful  manner. 

Effect  of  Algal  and  Other  Growths  in  Water  Purification. 
— The  role  played  by  these  organisms  in  connection  with 
water  purification  is  not  fully  understood.  Some  of  tnem 
exercise  a  useful  function  in  reducing  the  hardness  of  water 
and.  within  certain  limits,  in  increasing  the  effectiveness  of 
the  protective  film  formed  on  the  surface  of  the  sand  filters.. 
On  the  other  hand,  they  may  sometimes  give  rise  to  taste 
troubles,  and  ■nhen  superabundant  "seal  up"  the  filter  beds 
so  rapidly  as  to  disorganize  the  whole  machinery  of  sand 
filtration.  In  the  latter  event,  although  in  themselves  quite 
harmless,  they  may  lead  to  imperfectly  purified  wafer  being 
sent  into  supply.  Those  who  have  studied  these  matters 
know  that  the  simultaneous  occurrence  of  heavy  floods, 
abundant  growths  (especially  those  kinds  which  readily 
block  filters  and  give  rise  to  taste  troubles)  in  the  reser- 
voirs and  increased  consumption  of  water  might  create  em- 
barrassing, if  not  serious,  condition  of  affairs.  How  far 
algicidal  treatment,  chlorination  of  river  water,  and  the  use 
of  filters,  which  can  be  cleaned  as  rapidly  and  as  often  as 
the  necessities  of  the  case  demand,  are  destined  to  enter 
Into  the  problem,  must  be  left  for  the  future  to  decide. 

Chlorination  of  Raw  Water. — This  year  a  cautious  opin- 
ion must  be  expressed,  not  of  the  efficacy  of  chlorine  as  a 
germicidal  agent,  but  of  the  difficulties  still  to  be  overcome 
of  adding  this  reagent  to  water  in  the  proper  dose.  With 
the  particular  apparatus  used,  quite  successful  results  were 
obtained  during  the  warm  weather,  but  when  the  air  and 
water  temperatures  fell  below  a  certain  point,  troubles  were 
not  far  to  seek.  So  far  as  the  instrument  was  concerned, 
these  difficulties  were  largely  overcome  by  artificially  heat- 
ing the  temporary  building  in  which  the  apparatus  was 
"housed."  Yet  this  procedure  availed  nothing  as  regards 
that  part  of  the  instrument  which  lay  outside  the  building 
and  was  indeed  immersed  in  the  water  It  is  now  evident, 
as  the  result  of  practical  experience  during  cold  weather, 
that  either  the  gas  must  be  added  as  a  solution  to  the  water 
to  be  sterilized,  or  else  some  improved  form  of  porous  dif- 
tuser  must  be  discovered.  The  matter  is  still  under  active 
investigation. 

For  the  period  April  1,  1917,  to  March  31,  1918,  23,426  mil- 
lion gallons  of  raw  Thames  water  have  been  treated  during 
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315   (lays    (West    Middlesex   supply)    and   313   days    (rest   of  than   minute  doses,   the   Indication   is   that  a  combined    (in 

Staines  supply)   out   of  a   total  of  3i;5  days.     The  Intermls-  sequence)    super-chlorlnation    and    SO.    treatment    may    be 

slons,  of  course,  were  caused  by  Hoods,  when  the  water  was  actually  advanta^ieous  from  the  point  of  view  both  of  taste 

loo  turbid  for  lllirution  purposes  and  stored  water  had  to  be  ;ind  of  »terill/.atlon.     When,  however,  the  case  is  regarded 

used    Instead.      The    proportion.s    were    84.3    per    cent,    raw  from   the   economic   aspect   and   in   relation  to  the   undesir- 

water  and  ir>.7  per  cent,  stored  water  durinK  the  year.     The  ability  of  using  in  other  than  infinitesimal  doses  substances 

estimated   saving  of  coal  amounts   to  about    £15,227.     The  which  apart  are  not.  in  the  uncombined  form,  natural  Ingre- 

cost  of  the  chloride  of  lime  was  auout  JE3,485.    The  net  sav-  dients  of  water,  the  matter  assumes  a  different  complexion. 

ing    by    reduced   pumping   thus   amounts   approximately    to  Unfortunately,  it  is  just  when  the  minor  doses  come  to  be 

i.' 11.742.  considered  that  many   of  the  dilflculties  arise.     Sometimes 

The  dose  has  varied  according  to  circumstances,  but  was  with,   sometimes   without   SO.,  dechlorination,   but  quite  as 

usually  U.5  in  1  million   (1  In  2  millions),  in  terms  of  avail-  often  with  as  without,  taste  results  are  obtained,  which  lead 

able  chlorine.     With  bleaching  powder  (chloride  of  lime)  of  lo  nebuloii.s  conchisions, 

33  per  cent,  strength  this  equals  15  lb.  per  1  million  gallons.  

Considerable  success,  however,  has  also  been  obtained  with 

-Miialler  doses.  (1.33  in  1  million  (1  In  3  millions),  or  10  lbs.  F6rtilizin^     \^aluCS     Of     WstCT 

of  material   per  million  gallons.     On   the   whole,  the   latest  __             .         , 

results    point    to   a    i)robable    reduction    rather   than   an   in-  ITiyaCiritll 

create    in    tlie    average    dose.      As    regards    bacteriological  From  imliiin  EnsinterinK. 

lesults,  all  that   is  now  aimed  at  is  to  produce  at  least  as  .^.i.      .      •     ••       ■   r.             i.   t     .i.  .      r.          u       i       -j   _ 

.              ,    ,        u.     .     .•         t            ■             .             1.  .u  The  Agricultural  Research  Institute,  Pusa,  has  issued  a 

good  a  result   by  chlorination  of  raw   river  water,  as  if  the  ^   ,   .         .■        v,   n  ••  .v.  .       u       i   .v,      u   ...< 

^    J    ^            .       J    ,       ,      .,.   ,                       .       .  most   interesting   bulletin   on    the   water  hyacinth,   showing 

river   water   had    been   stored   in   the  Staines   reservoirs   m-  .  ^   ■.   i      .u   .    •.    •              in.    .i.             j   .  _.u       .«,„. 

....         ,.,■.,     ™.      o.   •                   ,        .1,^  aefinitely   that   it   is   a   valuable   fertilizer  and   further  that 

stead  of  being  chlorinated.    The  Staines  siored  water  10  cc.      ..     ,    .,,,  ,  ..  .  ,  .  , , 

.      ,    .      ,„                  ...          .,,.,.                    •  Its  fertilizing  properties  are   receiving  commercial  recogni- 

H.   coll  standard  is  hO  per  cent,     negatives     (40  per  cent.  .,           .             i     •       <■  .u     j      j     i„   .       „     oi  o  „„-  „„„»  «f 

_.    .   ,      .,   ,„.    ,„         "    ,,                   „   J       ,  tion.     An  analysis  of  the  dried  plant  gave  24.2  per  cent  of 

positives     .     That   is,   if   100   10   cc.   cultures   are   made  of  .          ,   .i.         u          i       j   . 

,, .   .          .       ,       .       ^^    .  .X.              ..                           .  •  ash  and  the  ash  analyzed  to — 

t-taines  stored  water,  60  of  them,  on  the  average,  contain  no  Percent 

B.   coli,   and   40   of  them    contain   this   microbe.     Taking  a      Potasli    28 

period    embracing    the    bad    winter    months,    namely,    from      Soda    1.8 

^  ,  .■ .  Linie    IJ.B 

October.  Iiil7.  to  the  end  of  .March,  191S.  the  average  chlor-      chlorine    21 

inated    raw    river   water   result   works   out   at   83   per   cent.      Phosphoric  acid   7 

"negatives"  and  17  per  cent,  "positives,"  figures  which  show  Rotted    water    hyacinth    is    approximately    five    times    as 

I  hat   better  results,   as  judged   by   the   B.   coli   test,  can   be  rich    in    potash    as   farmyard    manure   containing   a   similar 

obtained  by  chlorination  than  by  storage.     Despite  the  mag-  percentage  of  water,  and  only  a  little  less  rich  in  the  same 

nitude  of   the   treatment    (70   to   SO   million  gallons   treated  fertilizer   as   the   best    marine   sources   of   kelp;    and   apart 

daily),  no  complaints  have  been  received  as  regards  taste.  from  its  high  potash  content  it  Is  at  least  as  rich  as  farm- 

Super-Chlorinatlon    and    De-Chlorination. — The    two    great  yard   manure  of  the  same   water  content   in  both   nitrogen 

factors   which    militate   against   successful   chlorination   are  and  phosphoric  acid.     The  effects  of  potash  on  the  yield  of 

extreme  cold  and  short  contact.     Separately,  and  still  more  jute   are   quite   remarkable.     The   addition   of  carbonate  of 

in  conjunction,  they  tend  to  prevent  sterilization,  or  if  steri-  potash   lo   an   otherwise   complete   manure   of   castor   cake, 

lization  takes  place  owing  to  a  super-dose,  the  water  is  apt  phosphates  and  lime  produced  a  yield  of  nearly  34  maunds 

to  have  a  chlorinous  taste  and  to  contain  active  chlorine,  of  tibre  per  acre,  while  plots  which  did  not  receive  potash 

Ry  a  super-dose  is  meant  a  dose  in  excess  of  what  is  actu-  but  were  otherwise  similarly  treated  produced  less  than  27 

ally  required  under  more  favorable  working  conditions.     It  maunds   per  acre.     The  value  of  water  hyacinth  therefore 

is  always   best   to  provide  for  so   prolonged  a  contact  that  as  a   manure  for  jute  growing  is  apparent,  and  since  jute 

however   cold   the   water   may   be.   the   active   chlorine   will  and  the  manure  grow  in  the  same  localities  the  commercial 

liave    disappeared   and   the   water   at   the   same   time   have  importance  of  water  hyacinth  is  strengthened, 

been    sterilized.     In   practice,   however,    for   one   reason   or  As  regards  weight,  the  fresh  green  plant  contains  95  per 

another,  this  may  be  impossible,  and  in  these  cases,  espe-  cent  by  weight  of  water  which  it  is  obvious  It  would  never 

cially    during    very    cold    weather,    super-chlorination    and  pay  to  lead  to  any  distance:  If  rotted,  the  residue  contains 

de-chlorinatlon  may  be  of  advantage.     There  is  another  curl-  from  50  to  60  per  cent   by  weight  of  water.     If  the  green 

ous    circumstance   bearing   on   the   question.     It   has   some-  plant    be    at   once    stacked    for    rotting    the    exuding    liquid 

times   been  observed  in  the  laboratory  that  when  working  carries  away  a  considerable  part  of  the  valuable  manuring 

with   minute  doses  of  chlorine,  too  slight   to   produce   the  elements:    therefore  the   plant   should   be  dried   for  a   few 

lamiliar    chlorinous    taste,    a    slight    "iodoform-like"    taste  days   before   stacking   to   rot.     This   reduces   its   weight   to 

develops.     This   occurs   sometimes   after  a   water  has  been  one-twentieth  the  original  weight  and  by  so   much  reduces 

de-chlorinated,  at   other  times   it  is  noticeable   only   before  the  cost  of  carriage.     If  the  dried  plant  be  burnt  and  the 

de-chlorfnation,  yet  again  it  may  occur  both  before  and  after  ashes  only  taken  the  weight  is  further  reduced  to  one-fifth, 

dechlorination.     On   the  other  hand,   no   taste,   unless   per-  that  is  to  1  per  cent  of  the  green  plant,  but  in  the  process 

haps  the  original  taste,  has  ever  been  observed  after  gross  of   burning   all   the   organic   matter   and   from   1.5   to   2   per 

chlorination    and    dechlorination.      Hence    in   certain    cases  cent  of  the  nitrogen  is  lost.     However,  it  Is  only  in  the  last 

there  may.  so  far  as  taste  Is  concerned,  be  an  advantage  in  form  that  it  can  conveniently  be  transported  long  distances 

heaiflly  chlorinating  a  water  and  then  de-chlorlnating  It.  or  stored  and  it  is  in  this  form  that  a  favorable  market  for 

On  the   whole,  speaking  of  the  samples  neutralized  with  it  is  opening  out. 

SO,,  neither  temperature  nor  time  appeared  to  be  dominat-  The  green  plant  is  not  likely  to  be  puf  to  any  industrial 

ing  factors  as  regards  questions  of  taste.  use;  the  rotted  plant,  having  about  the  same  manurial  value 

Next  In  respect  of  dose,  the  amounts   (in  terms  of  avail-  as  cowduug  might  be  used  as  manure,  just  as  cowdung  is 

able  chlorine)    were  as   follows:    1   in   15.625,   31.250.  62,500.  used  In   the  Immediate  neighborhood   where  It  Is  collected 

125.000,  250,000.  5011,000  and  l.OdO.OOO.  respectively.  and    rotted.      The    dried    plant,    however,    will    stand    some 

The  outstanding  feature  was  that  with  the  stronger  doses  carriage  and  make  a  good  manure  as  It  contains  from  1.5  to 

(far  greater  than   would  ever  be  required  in  practice),  de-  2  per  cent  of  nitrogen  and  about  S  per  cent  of  potash.    The 

spite   the   extremely    noticeable   and    practically   unbearable  ash  will  always  po.^sess  the  greatest  value  as  a  manure  on 

chlorinous   taste   of  the   non-neutralized   samples,   the   ones  account  of  its  small  bulk  and  ease  of  transportation.     It  has 

neutralized  with  SO,  were  completely  free  from  any  taste.  been   found  to  contain  as  much  as   35  per  cent  of  potash. 

Indeed,  the  slight  earthy  flat  taste  of  the  river  water  often  and  an  average  figure  for  the  Dacca  district  would  seem  to 

noticed    appeared    to    be    removed    or   disguised,    not    infre-  be  over   25   per  cent.     The  ash   is   therefore  several  times 

quentlv,    bv    superrhlorlnation    and    SO    treadnent.      Apart  richer  in  potash  than  ordinary  wood  ashes.     It   is  satlsfac- 

from  cost  of  materials  and  the  circumstance  that  the  sub-  tory    to    find    that    Covernment    officers   are   taking   a    keen 

stances  (CI  and  SO-)  are  not  separately  Innocuous  In  other  Interest  in  getting  the  weed  put  to  use  as  manure. 
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The  First  English  Electrically- 
Welded  Barge 

From  The  I^ngineor. 

Particulars  are  now  available  o£  the  interesting — and 
completely  successful — experiment  in  rivetless  shipbuilding, 
carried  out  at  a  yard  on  the  Southeast  Coast.  The  first 
steel  vessel  constructed  entirely  without  rivets  was  re- 
cently launched.  She  has  since  been  in  service  with  full 
cargo  during  exceptionally  rough  weather,  and  has,  we  un- 
derstand, passed  satisfactorily  in  every  way  through  the 
severe  tests  imposed. 

The  recent  progress  achieved  in  electric  welding  by 
means  of  the  flux-coated  metal  electrode  process,  and  its 


tinuously  on  one  side  and  tack  welded  on  the  other.  Oni 
the  shell  plating  the  continuous  welding  was  on  the  out- 
side in  all  cases.  For  internal  non-water-tight  joints  and 
frame  construction  tack  welding  was  adopted,  the  length 
of  welding  being  carefully  calculated  to  give  a  margin  of 
strength  over  a  similar  riveted  joint.  Taking  all  positions 
of  work  into  consideration,  the  average  speed  was  4  ft.  an 
hour  at  the  commencement,  while  towards  the  end  of  the 
work  an  average  of  7  ft.  an  hour  was  easily  obtained. 

Some  interesting  details  have  been  given  to  us  of  the 
comparative  cost  of  an  electric  welded  and  riveted  barge, 
in  labor,  245  man  hours  were  saved  in  construction,  which 
can  easily  be  improved  on  in  future  work.  More  than  1,000 
lb.  of  metal  was  saved,  owing  to  the  absence  of  rivets,  but 
it  is  estimated  that  greater  economy  will  result  when  the 


Interior    View    of    Electrically    Welded    Barge. 

successful  use  at  admiralty  dockyards  and  elsewhere  in  the 
construction  of  the  equipment  and  superstructure  of  va- 
rious vessels,  led  to  permission  being  obtained  for  the 
erection  of  a  standard  barge,  with  riveting  eliminated  and 
electric  welding  substituted  throughout.  Such  a  craft  may 
be  exposed  to  considerable  rough  usage  in  dock,  besides 
being  subjected  to  severe  towing  stresses.  Seeing  that 
material  already  available  on  the  site  where  she  was  built 
was  utilized,  the  barge  differs  in  no  way  from  the  standard 
riveted  type  with  lapped  joints,  excepting  that  tl\e  hull 
plates  were  arranged  for  clinker  build  and  the  plate  edges 
joggled  to  permit  of  horizontal  downward  welding  in  order 
to  reduce  the  amount  of  overhead  work,  which  is  more 
difficult  of  execution. 

The  vessel  to  be  welded  was  125  ft.  between  perpen- 
diculars, and  16-ft.  beam,  with  a  displacement  of  275  tons. 
The  hull  was  rectangular  in  section  amidships,  with  only 
the  bilge  plates  curved.  It  was  built  up  of  71  transverse 
frames,  and  contains  three  bulkheads,  those  fitted  fore  and 
aft  being  watertight,  and  that  amidships  being  non-water- 
tight. The  shell  plating  was  ^4  in.  and  5/16  in.  All  the 
joints  were  lapped. 

The  first  day's  work  was  poor,  though  all  the  operators 
were  first-rate  men,  with  extensive  experience  of  electric 
welding  in  the  shop  on  minor  repairs  and  on  structural 
work  at  shipyards.  The  poorness  of  the  worlf  was  probably 
due  to  the  novelty  of  the  undertaking  and  to  the  position 
— lying  flat  on  the  keel — which  the  men  had  to  adopt  to 
get  to  the  joints.  In  a  few  days,  however,  when  they  be- 
came accustomed  to  the  job,  the  speed  and  quality  of  the 
work  improved  so  as  to  become  equal  to  that  achieved  in 
workshop  standard  practice.  With  the  more  difliicult  weld- 
ing, such  as  that  in  the  vertical  butt  joints  on  each  shell 
plating,  and  overhead  work  underneath  the  keel  and  on 
bilge  plates,  it  was  noted  that  the  quality  of  welds  was 
excellent.  For  this  overhead  work  special  electrodes  were 
employed,  and  proved  well  worth  the  slightly  increased 
cost.  All  water-tight  joints  up  to  and  including  ihe  under- 
side of  bilge  plates  were  continuously  welded  both  inside 
and  outside,  the  other  water-tight  joints  being  welded  con- 


View   Along   Deck  of   Electrically   Welded   Barge. 

design  is  modified  to  suit  electric  welded  ship  construction. 
The  total  cost  of  welding  was  £301  ($1,500),  detailed  as 
follows : 

Electrodes    CITS 

Electric    current    61 

Men's    time    62 

£301 

It  is  realized  by  the  .\dmiralty  experts  that  the  propor- 
tion of  cost  for  electrodes  is  high,  but  this  is  mainly  due 
to  the  present  limited  demand.  Demand  and  competition 
will  have  the  usual  effect,  and  should  reduce  the  cost  of 
this  item  by  at  least  CO  per  cent.  It  will  then  be  possible 
to  build  a  vessel  of  this  size  with  an  estimated  saving  of 
from  25  to  40  per  cent  of  time  and  about  10  per  cent  of 
material. 

As  a  result  of  this  demonstration,  the  yard  has  prepared 
a  new  design  of  barge,  in  which  it  is  proposed  to  incorpo- 
rate electric  welding  and  riveted  construction  to  the  fol- 
lowing extent:  * 

TO    BE   WELDED.  TO  BE  RIVETED. 

Coamings.  Floor  riveted   to   frames. 

Shell  seams  to  frames.  Beam  knees  to  frames  and 

Deck  butts  to  beams.  beams. 

Bulkheads    (including  boundary     Frames  clear  of  shell  seams. 

bars). 
Keel   plate   butts   to   be   welded 

overlaps. 
.\fter   shell   seams   welded. 


220  Concrete  Ships  Under  Construction 
in  Great  Britain 

Reinforced  concrete  vessels  representing  some  200.000 
tons  of  shipping  were  under  construction  in  September  at 
yards  of  the  United  Kingdom.  According  to  the  Engineer- 
ing Supplement  of  the  London  Times,  some  220  ships  were 
being  built  at  the  20  yards.  The  capital  outlay  for  these 
ships,  aside  from  the  cost  of  land  and  shipyard  plant,  was 
estimated  to  be  nearly  $20,000,000.  On  the  designs  adopted 
the  saving  of  steel  is  stated  to  be  fully  70,000  tons  on  what 

would  be  required  for  steel  ships  of  the  same  carrying 
capacity.     The  vessels  at   present  under  construction  com-- 

prise  1,000-ton  seagoing  barges  and  steam  tugs. 
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The  Life  and  Work  of  Institution 
of  Civil  Engineers 

On  Jan.  2,  1918,  the  Instituliun  of  Civil  Engineers  com- 
l>li>tfd  the  tirst  century  of  Us  existence.  At  the  regular 
nieeling  on  the  fullowing  week  an  interesting  account  of 
the  life  and  work  of  the  Institution  was  presented  by  Dr. 
Tudsbery.  The  fullowing  abstract  of  the  paper  appeared 
in   The   Knglneer: 

In  his  statement  Dr.  Tudsbery  recalled  that  the  Insti- 
tution was  founded  on  the  2d  of  January,  181S.  at  a  meet- 
inp  held  at  the  K"ndal  Coffee  House  In  Meet  St..  and  Its 
cstal>lishnient  marked  tlie  transition  of  engineering  in  Eng- 
land from  the  pnictice  of  a  few  craftsmen,  whose  personal 
ciualitlcatlons  had  led  to  their  adoption  of  advisory  func- 
tions, and  whose  knowledge  was  largely  the  result  of  in- 
dividual observation  and  experience,  to  a  profession  in- 
spired and  regulated  by  the  accumulated  knowledge  of 
many  observers  and  practitioners. 

The  number  of  the  founders  has  been  variously  stated, 
but  the  original  records  show  that  they  were  eight — a  fact 
corroborated  by  a  statement  in  the  memoir  of  Palmer  con- 
tained m  the  fourth  volume  of  the  "Proceedings."  Their 
names  were  James  Ashwell,  Charles  CoUinge,  Joshua  Field, 
James  Jones,  John  Thomas  I^thbridge,  Thomas  Maudslay, 
William  Maudslay.  Henry  Robinson  Palmer.  Field  became 
president  in  1S4S.  and  Palmer  became  vice-president  in 
1S30.  but  died  without  attaining  to  the  presidency:  a  mem- 
orial of  him  exists  in  the  Palmer  Scholarship  which  is  in 
the  award  of  the  Council  and  is  tenable  at  the  University 
of  Cambridge.  These  eight  men  were  for  the  most  part 
engaged  In  the  construction  of  machinery  and  their  use  of 
the  expression  "Civil  Engineers"  accorded  with  the  dis- 
tinction drawn  then  and  subsequently  between  "civilian" 
and  "militarj "  engineering — a  distinction  that  recent  ex- 
perience may  tend  to  modify. 

The  society  thus  formed  proceeded  vigorously  to  pursue 
its  object  of  promoting  and  diffusing  the  knowledge  neces- 
sary for  the  efficient  practice  of  engineering,  by  means  of 
discussion  of  theses  and  questions  bearing  thereon,  and 
by  the  consideration  of  descriptions  of  structures  and 
works.  As  an  illustration  of  the  early  conversations  it  is 
recorded  that  the  meetings  on  the  17th  of  March  and  the 
24th  of  March,  1818.  were  devoted  to  the  discussion  of 
Bolton's  (sic)  and  Watt's  "Parallel  Motion"  and  it  was 
resolved  that  "it  is  the  opinion  of  this  meeting  that  the 
parallel  motion  of  Bolton  and  Watt  is  mathematically  in- 
correct, arising  from  the  extremities  of  the  two  radii  pass- 
ing through  unequal  arcs  in  the  same  space  of  time;  but 
that,  to  a  certain  extent,  in  practice  the  deviation  is  not 
productive  of  material  inconvenience."  The  first  paper 
received  by  The  Institution  was  presented  by  Joshua  Field 
on  the  27th  of  April.  1819,  being  one  of  a  small  group  of 
papers  on  canal  locks. 

The  meetings  continued  to  be  held  at  the  Kendal  Coffee 
House  until  April.  1S19,  from  which  time  until  February, 
1820.  they  are  recorded  as  having  taken  place  at  Gilham's 
Coffee  House.  In  March,  1820.  accommodation  was  hired 
in  the  house  of  the  Rev.  Mr.  Harris,  in  Buckingham  St. 
AdelphI 

On  the  21st  of  March,  1820,  Thomas  Telford  accepted  an 
invitation  to  become  the  first  president  of  the  Institution, 
and  In  his  address  he  made  the  following  remarks  on  the 
course  which  should  be  observed  to  promote  its  success: 

"In  foreign  countries  similar  establishments  are  insti- 
tuted by  tlovernment.  and  its  members  and  iiroceedings 
are  under  Its  control:  but  here,  a  different  course  being 
iidopted.  It  becomes  incumbent  on  each  individual  mem- 
ber to  feel  that  the  very  existence  and  prosperity  of  The 
Institution  depend,  in  no  small  degree,  on  his  personal 
conduct  and  exertion;  and  the  merely  mentioning  the  cir- 
cumstances will,  I  am  convinced,  be  sufllclcnt  to  command 
the  best  efforts  of  the  present  and  future  members,  always 
keeping  In  mind  that  talents  and  respectability  are  prefer- 
able to  numbers,  and  that  from  too  easy  and  promiscuous 
.idmisslon.  unavoidable,  and  not  unfrequently  incurable  In- 
conveniences  perplex   most    societies." 

( 


Under  Telford's  presidency  The  Institution  grew  stead- 
ily in  importance,  and  on  the  3d  of  June.  1828,  received 
.1  Ho>iil  Charter  of  Incorporation,  for  the  objects  set  forth 
in  the  well-known  words  of  Trcdgold.  which  expand,  though 
they  differ  little  from  the  original  purpose  expressed  by 
the  founders. 

In  1834  The  Institution  moved  to  a  small  house  at  No. 
1.  Cannon-row,  Westminster,  and  at  Christmas.  1838.  en- 
tered upon  the  occupation  of  No.  25  Great  George  St., 
which,  with  some  alterations  and  additions  made  in  1846 
and  IsiiS,  sufficed  for  Its  needs  until  1896,  when  it  was  re- 
oullt  upon  the  sites  of  Nos.  24,  25  and  26,  Great  George  St.. 
to  the  designs  of  the  late  Mr.  Charles  Barry.  F.R.I.B.A. 
Fifteen  years  later  these  premises  were  required  by  Gov- 
ernment in  connection  with  their  scheme  of  public  offices, 
and  the  Institution  was  assisted  to  obtain  Its  present  more 
extensive  site,  and  to  erect  this  building,  designed  by  Mr. 
James  Miller.  A.R.S.A..  in  1913. 

The  conversations  and  discussions  held  at  the  Institu- 
tion during  its  early  years  were  not  published  or  circulated 
by  it;  but.  to  a  limited  extent,  abstracts  of  them  appeared 
in  the  Athenoeum.  A  selection  of  papers  and  addresses 
prior  to  1842  was  published  in  three  volumes  of  "Transac- 
tions" (4to)  by  Weale  in  1830.  1838  and  1842;  but  the 
earliest  record  of  discussions  is  contained  in  Vol.  1  of  the 
"Proceedings"  (8vo)  which  consists  of  five  annual  parts, 
referring  respectively  to  the  years  1837-41.  The  series  of 
volumes  then  begun  has  reached  2u4  in  number.  They 
contain  most  of  the  4.239  papers  which  have  been  presented 
to  the  Institution,  as  well  as  numerous  addresses,  lectures 
and  reports  of  researches  and  inquiries  made  by  commit- 
tees formed  for  such  purposes.  This  literature  covers  the 
entire  field  of  British  engineering  practice,  and  includes  in 
the  reports  of  the  debates,  the  considered  opinions  of  ex- 
prienced  engineers  upon  a  multitude  of  problems  presented 
by  the  new  conditions  encountered  in  the  undertakings  and 
investigations  described.  These  professional  records,  con- 
tributed voluntarily  and  freely  by  many  thousands  of  the 
members,  past  and  present,  form  a  response  to  the  claims 
of  the  Institution  not  unworthy  of  the  ideals  of  its  found- 
ers and  of  the  prestige  enjoyed  by  the  body  corporate.  The 
publications  have  kept  substantially  the  style  adopted  in 
1S37.  having  passed  through  the  hands  of  only  three  editors 
— Mr.  Charles  Manby,  who  became  secretary  in  1839.  Mr. 
James  Forrest,  who  succeeded  him  in  1860  and  held  the 
office  until  1896,  and  the  present  secretary.  It  is  to  the 
credit  of  those  who  originated  the  proceedings  that  their 
form  has  been  adopted  as  a  model  by  almost  every  engi- 
neering society  of  importance  that  has  come  into  exist- 
ence during  the  period  covered  by  their  issue.  A  later 
branch  of  professional  inquiry,  which  although  perhaps 
not  foreseen  by  the  founders  of  the  Institution,  is  closely 
identified  with  this  part  of  their  project,  is  experimental  re- 
search and  allied  investigation,  of  engineering  problems. 
During  the  last  20  years  much  valuable  work  has  been 
done  in  such  directions  by  means  of  committees;  the  first 
inquiry  of  importance  having  been  "The  Thermal  Efficiency 
of  Steam  Engines."  and  the  last  undertaken,  and  now  In 
progress,  "The  iJeterioration  of  Structures  Exposed  to  Sea- 
action."  Supplementary  to  the  work  of  recording,  dis- 
cussing and  investigating  matters  bearing  on  engineering 
practice,  it  has  been  the  care  of  the  Institution  to  form  a 
reference  library  containing  all  literature  relating  to  the 
profession,  and  deemed  to  be  worthy  of  permanent  reten- 
tion. This  library,  which  has  developed  from  a  bequest 
of  Telford's  private  library,  is  in  its  particular  character 
unrivaled  in  completeness,  and  is  unique  in  its  possession 
of  original  reports  and  other  documents  relating  to  the 
work  of  the  early  masters  of  the  engineering  profession. 

Turning  to  the  second  phase  of  the  Institution's  activities 
— namely.  Its  concern  with  the  education  and  training  of 
those  who  sought  recognition  by  it — the  first  trace  of  ac- 
tion In  that  direction  is  found  in  the  establishment  in  183S 
of  a  class  of  graduates,  but  it  was  not  until  25  years  later 
that  the  Institution's  Interest  In  the  training  of  engineers 
•ook  a  very  practical  shape.  A  large  part  of  the  presi- 
dential address  of  Sir  John  Fowler  in  1866  was  devoted  to 
the  question  of  the  best  preparation  for  engineering  pupils. 
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His  views  coincided  remarkably  with  the  tenets  and  prac- 
tice of  the  Institution  at  the  present  day.  He  said:  "The 
preparation  and  training  for  the  Civil  Engineer  may  be 
shortly  described  as  follows:  1.  General  instruction,  or  a 
liberal  education.  2.  Special  education  as  a  preparation 
for  technical  knowledge.  3.  Technical  knowledge.  4.  Prep- 
aration for  conducting  practical  works." 

This  deliverance  of  Sir  John  Fowler  foreshadowed  the 
policy  of  the  Council,  to  which  effect  was  given  in  the  fol- 
lowing year  by  the  organization  of  the  "Students,"  when 
the  foundations  were  laid  of  that  plan  of  preparation  and 
training  for  the  engineering  profession  which  it  has  been 
the  privilege  of  this  Institution  to  originate  and  encourage. 
The  creation  of  the  student  class  on  the  26th  of  June,  ISfiT. 
was  contemporaneous  with  the  extinction  of  the  class  of 
graduates,  which  had  possessed  the  privilege  of  corporate 
membership. 

In  1S70  the  Council  compiled  and  issued  a  statement  on 
the  education  and  status  of  civil  engineers  in  the  United 
Kingdom  and  in  foreign  countries,  and  in  1897  the  Institu- 
tion found  it  desirable  to  establish  its  own  examinations, 
both  in  general  and  scientific  education.  This  step  was 
taken,  after  conference  with  persons  experienced  in  educa- 
tional matters,  under  the  presidency  of  Sir  John  Wolfe 
Barry,  who  has  remained  chairman  of  the  Examination 
Committee  for  20  years,  and  to  whose  unremitting  care 
and  wise  counsel  the  success  of  the  Institution's  action  in 
this  matter  is  largely  due.  The  scheme  of  examination 
was  designed  to  test  suitable  preliminary  education,  and, 
based  on  that,  competent  knowledge  of  those  branches  of 
science  which  are  applied  to  engineering  practice.  Conse- 
quently, it  has  been  possible  to  accept  many  degrees  and 
diplomas  of  universities  and  schools  of  university  rank  as 
exempting  the  holders  from  the  Institution's  preliminary 
and  scientific  examinations.  This,  however,  concerns  only 
part  of  the  equipment  of  a  young  engineer,  and  the  ques- 
tion of  his  practical  training,  which  has  always  been  re- 
quired by  the  by-laws,  was  systematized  somewhat  pre- 
cisely in  1910.  and  still  remains  a  matter  of  judgment  on 
the  information  furnished  to  the   Council. 

The  position  thus  reached  has  been  influenced  largely  by 
the  results  of  an  exhaustive  inquiry  into  the  education  and 
training  of  all  classes  of  engineers,  undertaken  in  1903 
by  a  committee  which  included  representatives  •  of  the 
leading  professional  institutions  and  some  important  uni- 
versities, under  the  chairmanship  of  the  late  Sir  William 
White;  by  a  conference  of  engineers  on  that  subject  held 
at  the  Institution  in  1911:  and  by  a  report  of  a  committee 
on  the  practical  training  of  engineers,  presided  over  by 
Dr.  W.  C.  Unwin.  which  presented  its  report  to  the  Coun- 
cil in  1914.  It  is  proposed  shortly  to  amplify  the  tests 
for  associate  membership  by  an  examination  in  some  par- 
ticulars of  practical  knowledge  which  are  thought  to  be 
inadequately  proved  by  the  present  method  of  certificates. 
The  last  important  stage  of  the  Institution's  development 
concerns  the  mutual  relations  of  the  members  as  profes- 
sional men,  and  their  relations  with  the  public  who  employ 
them.  Even  in  the  original  rules  of  100  years  ago  provision 
was  made  to  remove  any  person  whose  action  might  be 
regarded  as  inimical  to  the  interests  of  the  general  body: 
and,  whilst  those  provisions  w-ere  amplified  from  time  to 
time,  it  was  not  until  1910  that  rules  were  formulated  to 
govern  the  professional  conduct  of  the  members.  The  gen- 
eral purport  of  these  rules  is  to  ensure  that  the  engineer's 
utmost  skill  shall  be  placed  at  the  disposal  of  those  who 
employ  him,  and  that  the  method  of  his  remuneration  shall 
not  involve  any  conflict  between  his  personal  interests 
and  those  of  the  clients  whom  he  advises.  These  simple 
ethics  are  still  not  free  from  difficulty,  so  complex  are  the 
conditions  under  which  engineering  is  now  practiced,  and 
questions  of  conduct  and  etiquette  arise  occasionally  which 
call  for  the  greatest  care  and  judgment  to  determine  them 
properly   and   fairly. 

This  brief  account  of  the  Institution's  endeavors  to  create 
a  literature  of  engineering,  to  promote  education,  and  to 
estabish  professional  ethics,  would  be  incomplete  without 
reference  to  its   growth  and  constitution. 

As   regards   numbers,   the   early   records   are   incomplete, 


but  in  1S28,  when  its  charter  was  granted,  there  were  ISti 
members;  in  1836,  when  its  "Transactions"  were  first  pub- 
lished, the  number  was  238.  Fifty  years  later  the  num- 
ber had  increased  to  .5,100,  and  by  1914  had  become  9,266. 
At  this  point,  the  outbreak  of  the  great  war — in  which  more 
than  2,700  of  the  members  and  students  have  already  en- 
gaged in  naval  or  military  service,  and  246  have  given  their 
lives — checked  the  increase  of  the  roll,  though  it  has  not 
arrested  the  activities,  or,  It  is  believed,  diminished  the 
prestige  of  the  Institution. 


Reinforced  Concrete  Ships 

From   a  paper   iiresented   by   A.    Alban   H,    Scott.    Vice-President, 
Society   of   Architects,    before    the    Concrete    Institute. 

In  several  references  to  reinforced  concrete  ships  one 
notices  the  phrase  that  "concrete  is  poured  in."  In  the 
opinion  of  the  writer  the  loose  application  of  this  term 
should  be  combated.  To  obtain  the  best  results,  concrete 
should  be  placed  into  position  as  dry  possible,  and  after 
the  concrete  has  been  so  placed,  and  sprinkled  with  water 
the  result  is  a  material  much  stronger  and  much  more 
waterproof  than  a  wet.  sloppy  m.ixture,  or  even  a  mixture 
which  might  be  termed  plastic;  for  this  reason  one  would 
much  sooner  adopt  the  method  of  elevating  the  practically 
dry,  mixed  material  in  preference  to  delivery  by  gravita- 
tion. 

Location  of  Yard  for  Concrete  Ship  Construction. — A  good 
deal  of  discussion  has  been  taking  place  as  to  the  suitabil- 
ity of  various  sites  for  the  construction  of  reinforced  con- 
crete vessels.  It  is  necessary  to  consider  first  the  ma- 
terials involved.  If  we  take  a  boat  of,  say.  1,000  tons  dead- 
weight, we  find  we  shall  require  approximately  40  tons  of 
clean,  fresh  water,  free  from  injurious  foreign  matter,  564 
tons  of  aggregate,  234  tons  of  sand,  12.5  tons  of  cement. 
160  tons  of  steel,  and  138  tons  of  material  for  equipment  in 
the  way  of  machinery,  etc.  It  is  clear,  therefore,  that  the 
combined  weight  of  the  sand  and  aggregate  is  66  per  cent 
of  the  total  required,  including  equipment.  It  would  cor- 
sequently  appear  desirable,  so  as  to  save  the  cost  of  freight- 
age and  the  difl^culties  of  transport,  that  waterways  for 
these  shipyards  should  be  looked  for  in  the  neighborhood 
of  suitable  stone  quarries,  where  crushing  plants  could  be 
put  down  and  trolley-ways  or  rope-ways  for  transporting 
the  material  from  the  quarry  to  the  shipyard  could  be  ar- 
ranged. It  is  also  possible  that  cement  could  be  obtained 
in  the  immediate  district.  If  concrete  in  a  relatively  plas- 
tic condition  be  finally  chosen  such  a  method  of  transport 
from  the  quarries  to  the  vessel  obviously  suggests  that  the 
material  should  be  lifted  above  the  ships,  and  after  being 
mixed  at  a  convenient  level  the  concrete  should  be  trans- 
ferred by  gravity  to  each  particular  vessel  and  part  of  the 
vessel  requiring  concrete  at  the  moment.  This  method, 
however,  the  author  suggests,  requires  too  great  a  per- 
centage of  water. 

Design  of  Concrete  Vessel  and  True  Ship  Lines. — With 
this  new  form  of  construction  for  vessels  the  temptation 
to  depart  from  true  ship  lines  must  be  resisted.  For  many 
years  investigations  have  been  carried  on  to  ascertain  the 
lines  which  give  the  least  resistance  to  a  ship  passing 
through  water;  and  because  a  different  materia!  is  proposed 
to  be  used  for  certain  boats  it  is  submitted  a  great  mistake 
would  be  made  by  departing  from  proper  and  regulated 
lines  of  the  ship  in  the  expectation  of  securing  economies 
in  construction  in  reinforced  concrete.  Safaty  and  effi- 
ciency in  running  must  be  the  first  considerations.  To  de- 
part from  proper  ship  lines  would  involve  extra  expendi- 
ture on  the  running  costs,  which  would  quickly  neutralize 
any  saving  on  the  capital  outlay  of  the  ship  when  con- 
structed. No  doubt  it  would  be  found  that  if  five  or  six 
boats  were  built  with  the  same  set  of  centering  there  would 
be  no  additional  cost  by  having  what  is  known  as  "circular 
work."  It  has  been  stated  that  it  is  more  ditficult  to 
ge  the  reinforcement  into  position  by  following  the  true 
ship  lines  than  if  straight  lines  are  adopted.  The  obvious 
reply  to  this  is,  that  it  is  more  difficult  to  construct  upper 
stories  to  a  building  than  lower  stories,  therefore  we  won't 
have  any  upper  stories,  or  if  it  is  more  difficult  to  provide 
for  hatchways,  leave  them  out. 
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Resilient   Chairs    and    Reinforced 

Concrete   Ties   for   Railway 

Track 

I'Yom  liuliuii  KiiKiiuei. 
The  latest  tvpo  of  concrete  sleeper  brousht  to  notice  has 
tlie  promise  of  being  a  success,  and  deserves  to  be.  consid- 
ering the  careful  mathematical  investigation  made  of  the 
various  stresses  it  is  subjected  to  when  designing  it.  Mr. 
Uouis  Creen  of  the  East  Indian  Ry.  has  been  working  at 
it  In  collaboration  with  .Mr.  R.  St.  George  Moore  of  West- 
minster since  1H12.  and  it  has  recently  been  tried  out  on 
the  East  Indian  Ry.  'With  a  knowledge  of  the  inherent 
defects  found  In  concrete  sleepers  previously  designed,  they 
.set  themselves  to  solve  four  main  difflculties  In  the  prob- 
lem, viz.:  (1)  to  obtain  resilience,  if  possible,  equal  to  that 
of  the  wooden  sleeper  and  cast-Iron  chair  combination:  (2) 
improve  the  connection  between  the  chair  and  the  ferro- 
concrete block:  (3)  scientifically  arrange  the  reinforce- 
ment to  meet  the  strains  due  to  variations  in  the  packing 
of  the  road:  (4t  increase  facilities  for  handling.  The  illus- 
trations. Figs.  1  and  2.  show  a  chair  and  sleeper  in  combi- 
nation   with    a    bull-headed    rail.     The   chair    is    made   of 


Fig.    1. 

wroueht  stpel  plate  forming  a  suspension  loop;  it  is  4  in. 
wide  and  %  in.  thick:  there  is  a  tendency  for  the  jaw  to 
close  slightly  when  the  chair  is  depressed,  but  it  springs 
back  Immediately  the  pressure  is  removed.  The  feet  of 
the  chair  enter  into  direct  combination  with  the  reinforce- 
ment, thus  allowing  of  the  resolution  of  the  forces  in  the 
chair  directly  into  the  lines  of  reinforcement  pro- 
vided for  each  specific  strain.  The  distribution  of 
the  stresses  in  the  reinforcement  is  determined  large- 
ly by  the  packing  of  the  sleeper.  and  as  con 
sideration  has  to  be  given  defective  packing  it  results 
that  the  total  amount  of  reinforcement  is  considerably 
more  than  would  be  needed  for  a  perfectly  parked  sleeper. 
Obviously,  when  a  sleeper  of  this  kind  is  uniformly  packed 
under  a  rail  there  is  very  little  tensile  strain  on  its  top 
reinforcement,  when  it  is  properly  packed  in  its  center  and 
loosely  packed  at  its  ends  there  is  considerable  tensile 
strain  at  top.  and  when  it  is  properly  packed  at  its  ends 
and  loosely  packed  at  its  center  there  Is  a  compressive  in- 
stead of  a  tensile  strain  at  top.  and  at  bottom  a  tensile 
instead  of  compressive  strain.  The  liending  moment  there- 
fore Is  much  greater  In  either  of  the  two  latter  cases  than 
when  the  sleeper  bears  uniformly  on  the  ballast.  The  re- 
inforcement has  for  this  reason  been  designed  to  resist  the 
maximum  combined  stresses  which  would  be  caused  by 
the  stanilanl  wheel-load  when  the  sleeper  is  bearing  un- 
evenly on  the  ballast.  On  Figs.  1  and  2  the  lower  tension 
members  are  marked  e,  e,  e.  The  upper  tension  members 
are  marked  f.  f,  f.  The  direction  tensions  from  the  chair 
are  taken  by  n  and  g.  The  tension  caused  by  the  trans- 
verse bending  moments  are  taken  by  b,  b,  b.  To  these 
must  be  added  the  top  and  bottom  members  of  the  side 
frames  d,  d.  d.  .As  will  be  seen  from  the  illustrations  the 
sleepers  are  in  two  halves  connected  by  a  tie  rod  which  Is 
attached  to  the  chair  by  ordinary  gibs  and  cotters. 

In  the  first  designed  pattern  the  chairs  were  made  t>  In. 
wide    of    ?i-in.    plate:    these    were    tried    on    the    Shallmar 
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Hranch.  where  11  sleepers  were  laid  on  Jan.  2.".,  1914.  They 
have  stood  ver>  well  and  have  even  come  out  of  a  derail- 
ment with  only  trilling  Injury  when  It  is  believed  the  D.  O. 
sleepers  with  which  the  Shallmar  line  is  laid  would  have 
been  much  more  seriously  damaged  and  would  have  caused 
obstruction  to  trafllc.  .Soon  after  the  same  type  of  chairs  and 
sleepers  were  tried  In  Howrah  freight  yard  and  broke  up 
badly;  on  examination  It  was  concluded  that  the  wires 
could  not  safely  take  the  tensile  strains  Imposed  by  the 
bending  moments  and  horizontal  components  of  the  load, 
there  were  besides  bad  Joints  in  the  reinforcement  and 
bad  spacing  of  upper  and  lower  members.  After  these  fail- 
ures a  further  Investigation  was  made  of  the  stresses  in 
the  sleepers  and  the  design  somewhat  modified.  On  Nov. 
24,  i;U4,  and  Jan.  20,  191",.  70  of  the  improved  type  were 
laid  on  the  third  line  between  Konnagar  and  RIshra  sta- 
tions, where  the  speed  limit  of  passenger  trains  is  30  miles. 
They  kept  well  and  the  road  was  reported  to  be  easy  run- 
ning and  easily  maintained.  In  May,  1915,  they  were  moved 
into  the  main  line  where  the  speed  of  trains  sometimes 
reaches  GO  miles  an  hour.  The  Government  Inspector,  re- 
porting on  them  in  1917,  said:  "The  reinforced  concrete 
sleepers  referred  to  in  paragraph  5  of  last  year's  report 
were  examined  and  found  to  have  stood  another  year's 
trafhc  very  well.  These  sleepers  were  said  to  cost  only 
Ra.  6-8  for  flat-footed  rails  and  Rs.  7-8  for  double-headed 
rails.  Including  fastenings.  A  vibrating  table  has  been  re- 
ceived for  making  these  sleepers.  When  the  first  cost  and 
probable  life  are  taken  into  account  It  looks  as  if  these 
sleepers  would  drive  wooden  and  metal  sleepers  out  of 
the  market."  Up  to  the  present,  of  course,  there  are  no 
data  available  for  estimating  the  life  of  these  sleepers,  but 
it  is  believed  they  will  last  from  20  to  30  years.    On  this 


Fig.    2. 

basis  a  comparison  is  made  as  follows  of  the  cost  per  mile 
per  annum  of  certain  kinds  of  sleepers: 

la)  Wooden  sleepers  at  7s  each,  with  cast  Iron  chairs  3.11 
square  ft.  bearing  area  and  12  years"  life,  cost  per 
annum    £127.30 

(b)  Woorlen  sleepers  at  5s  each,  with  cast  Iron  chairs  3.11 

aiiuare   ft.    bearing  area  and   12   years'    life,   cost   per 
annum    100. 9S 

(c)  Cast  iron  pede.'stal  sleepers,  with  wrouKbt  Iron  tie-bars 

2. 75  sq.   ft.   bearing  area  and  30  years'   life,   cost   per 
annum    109. .''lO 

(d)  Ferro-concrete   sleepers   with   wrougrht-lron   chairs  and 

tie-bars.    3.9   sq.    ft.    bearing  area  and   20  years'   life, 

cost   per   annum 97.07 

(e)  Ferro-concrete  sleepers   with  wrought-lron   chairs  and 

tie-bars.   3.9   sn.    ft.   bearing  area  and   30  years'    life. 

cost  per  annum 79. .SO 

Chairs  for  flat-footed  rails  have  little  resilience  by  vir- 
tue of  their  shape,  but  this  dilllculty  has  been  overcome 
effectively,  as  proved  by  the  trials,  by  making  the  table 
of  the  chair  longer  than  the  width  of  flange  of  the  rail. 
The  attachments  consists  of  a  bolt  with  a  square  nut  and  a 
spring  washer,  the  nut  is  made  to  lie  close  against  the  tie- 
rod  and  therefore  cannot  turn.  The  spring  washer  pro- 
vides the  necessary  elasticity  In  the  attachment.  Where 
it  Is  desired  to  insulate  one  rail  from  the  other  for  the 
purpose  of  using  the  rails  as  conductors  for  electric  cur- 
rents for  signalling  purposes,  special  tie-rods  with  a  centra? 
ii>sulnllng  device  can  easily  be  substituted  In  the  case  of 
either  bull-headed  or  flat-footed  rails.  The  Inventors  have 
Patented  the  sleepers  and  chairs  here  described. 
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Experiments  of  Lloyd's  Register 

on    Application   of    Electric 

Welding  to  Shipbuilding 

From  Engineering. 

"tt'elding  has  been  applied  in  countless  ways  to  the  man- 
ufactiire  of  munitions  of  war,  and  the  more  advanced  ship- 
builders soon  recognized  that  this  method  of  construction 
offered  almost  endless  possibilities  to  ship-building.  When 
the  matter  was  brought  under  the  notice  of  Lloyd's  Regis- 
ter, the  committee,  with  a  characteristic  desire  to  afford 
the  shipbuilding  community  the  very  latest  technical  in- 
lormation  on  the  subject,  arranged  to  carry  out  an  ex- 
haustive series  of  tests,  which  have  extended  over  a  period 
of  six  months. 

Nature  and  Description  of  Experiments.— The  general 
scope  of  the  experiments  included: 

(a)  Determination  of  modulus  of  elasticity  and  approxi- 
mate elastic  limit. 

(b)  Determination  of  ultimate  strength  and  ultimate 
elongation. 

(c)  Application  of  alternating  stresses  with^ 

(1)  rotating    specimens, 

(2)  stationary  test  pieces. 

(d)  Minor  tests,  such  as — 

(1)  cold  bending  of  welds, 

(2)  impact  tests  of  welded  specimens. 

(e)  Chemical  and  microscopic  analysis. 

Tests  were  carried  out  on  specimens  as  large  as  possible, 
particularly  in  respect  of  the  static  determinations  of  elas- 
ticity, ultimate  strength  and  elongation,  some  of  the  test 
specimens  being  designed  for  a  total  load  of  just  under  300 
tons.  The  advantage  of  these  large  specimens  was  that 
the  effect  of  workmanship  was  better  averaged  and  the 
results  were  more  comparable  to  the  actual  work  likely 
to  be  met  with  in  ship  construction. 

With  alternating  stresses  the  specimens  were  relatively 
of  small  size.  For  the  rotating  test  pieces,  circular  rods, 
mainly  machined  from  a  welded  plate,  were  used,  the  diam- 
eters selected  being  1  In.  and  %  in.  These  bars,  about  3  ft. 
in  length,  were  attached  to  a  lathe  headstock  and  a  pure 
bending  moment  in  one  place  was  applied  by  means  of  two 
ball  races  to  which  known  weights  were  attached.  The 
material  of  the  bar  was  thus  exposed  alternately  to  max- 
imum tension  and  to  equal  maximum  compression  once  in 
each  revolution.  The  machine  was  run  at  about  1.060  r.p.m. 
Bars  of  identical  material  were  tried  in  pairs,  one  specimen 
welde(f  and  the  other  unwelded,  and  the  number  of  revolu- 
tions before  the  specimens  parted  was  observed  for  various 
ranges  of  stresses  varying  from  ±  15  tons  to  ±  6  tons. 

In  the  second  series  of  alternating  stress  experiments 
flat  plates  were  used  of  three  thicknesses,  viz.:  %  in.,  % 
in.  and  %  in.  These  specimens  were  tried  in  groups  of  4, 
each  group  consisting  of  1  plain,  1  butt  welded,  1  lap 
welded,  and  1  lap  riveted  plate.  The  specimens,  which  were 
about  14  in.  long  by  5  in.  broad,  were  clamped  along  the 
short  edges,  so  that  the  distance  between  the  fixed  lines 
was  12  in.  Each  plate  was  also  clamped,  near  the  middle, 
to  the  end  of  a  pillar,  which  by  means  of  a  crank  arm  was 
caused  to  oscillate  and  to  bend  the  specimen  equally  up 
and  down  by  adjustable  amounts  (the  maximum  total 
movement  in  any  of  the  experiments  tried  was  5/lS  In.). 
The  machine  was  run  at  various  revolutions  (not  exceed- 
ing 90  per  minute)  and  the  number  of  repetitions  at  which 
the  specimen   parted  was   observed. 

Minor  tests  of  various  kinds  were  undertaken,  of  which 
the  principal  had  reference  to  the  suitability  of  the  welded 
material  to  withstand  such  bending  and  shock  stresses  as 
might  occur  In  the  shipbuilding  yards.  The  experiments 
on  bending  consisted  of  doubling  the  welded  plate  over  a 
circular  block  of  diameter  equal  to  three  times  the  plate 
thickness,  and  comparing  the  results  with  those  of  the 
plate  of  the  same  material,  but  unwelded. 

In  the  impact  tests  heavy  weights  were  dropped  from 
various  heights  on  to  the  welded  portion  of  a  plate  5  ft. 
in  length  and  2  ft.  6  in.  in  breadth,  the  weld  being  across 


the  plate  parallel  to  the  shorter  edge.  The  deflections 
were  noted  and  the  condition  of  the  weld  was  examined 
after  each  blow. 

The  chemical  and  micrographical  examination  followed: 
the  ordinary  practice. 

Summary  of  Experimental  Results.— 1.  Modulus  of  elas- 
ticity and  approximate  elastic  limit. 

(a)  In  a  welded  plate  the  extensions  in  the  region  of  the 
weld  are  sensibly  the  same  as  for  more  distant  portions  of 
the   unwelded   plate. 

(b)  With  small  welded  specimens  containing  an  appre- 
ciable proportion  of  welded  material  in  the  cross-sectional' 
area,  the  relation  between  extension  and  stress  is  prac- 
tically the  same,  up  to  the  elastic  limit,  as  for  similar  un- 
welded material.  • 

(c)  The  elastic  limit  (or  the  limiting  stress  beyond  which 
extension  Is  not  approximately  directly  proportional  to- 
stress)  appears  to  be  slightly  higher  In  welded  than  In  un- 
welded material. 

(d)  The  modulus  of  elasticity  of  a  small  test  piece,  en- 
tirely composed  of  material  of  the  weld,  was  about  11,700 
tons  per  square  inch,  as  compared  with  about  13,500  tons 
for  mild  steel  and  about  12,500  tons  for  wrought  iron. 

2.  Ultimate  strength  and  ultimate  elongation. 

(a)  The  ultimate  strength  of  welded  material  with 
small  specimens  was  over  100  per  cent  of  the  strength 
of  the  unwelded  steel  plate  for  thicknesses  of  %  In.,  and; 
averaged  90  per  cent,  for  plates  of  %  In.  and  1  In.  in 
thickness. 

(b)  Up  to  the  point  of  fracture  the  extensions  of  the- 
welded  specimens  are  not  sensibly  different  from  those  of 
similar  unwelded  material. 

(c)  At  stresses  greater  than  the  elastic  limit,  the  welded 
material  is  less  ductile  than  mild  steel,  and  the  ultimate 
elongation  of  a  welded  specimen  when  measured  on  a 
length  of  S  in.,  only  averages  about  10  per  cent,  as  com- 
pared with  25  per  cent,  to  30  per  cent,  for  mild  steel. 

3.  Alternating  stresses. 

(a)  Rotating  specimen  (round  bar) : 

(1)  Unwelded  turned  bars  will  withstand  a  very 
large  number  of  repetitions  of  stress  (exceeding, 
say.  5,000.000).  when  the  range  of  stress  is  not 
greater  than  from  10%  tons  per  square  inch  ten- 
sion to  10%  tons  per  square  inch  compression. 

(2)  Welded  bars  similarly  tested  will  fail  at  about 
the  same  number  of  reversals,  when  the  range  of 
stress  exceeds  ±  6%  tons  per  square  inch. 

(b)  Stationary  test  pieces  (flat  plate): 

(1)  Butt-welded  specimens  will  withstand  about  70- 
per  cent,  of  the  number  of  repetitions  which  can 
be  borne  by  an  unwelded  plate. 

(2)  Lap-welded  plates  can  endure  over  GO  per  cent, 
of  the  number  of  alternations  necessary  to  frac- 
ture a  lap-riveted  specimen. 

4.  Minor  tests. 

(a)  Welded  specimens  are  not  capable  of  being  bent 
(without  fracture)  over  the  prescribed  radius  to  more- 
than  80°  with  %-in.  plate,  reducing  to  some  20"  where  the- 
thickness  Is  1  In.  Unwelded  material  under  the  same  con- 
ditions can  be  bent  through  180°. 

(b)  Welded  plates  can  withstand  impact  with  a  consider- 
able degree  of  success;  a  %-in.  plate  of  dimensions  already- 
quoted  sustained  two  successive  blows  of  4  cwt.  dropped 
through  12  ft.,  giving  a  deflection  of  12  in.  on  a  length  of 
about  4  ft.  6  in.  without  any  signs  of  fracture  in  the  weld. 

5.  Chemical  and  microscopic  analysis. 

(a)  Chemical  analysis. 

(1)  The  electrode  was  practically  Identical  with  mild- 
steel,  but  there  was  a  greater  percentage  of 
silicon. 

(2)  The  material  of  the  weld  after  deposition  was 
ascertained  to  be  practically  pure  iron,  the  va- 
rious other  contents  being  carbon,  .03;  silicon, 
.02;  phosphorus,  .02;  and  manganese,  .04  per 
cent,  respectively. 

(b)  Microscopic  examination. 

(1)  The  material  of  the  weld  is  practically  pure  iron 

(2)  The  local  effect  of  heat  does  not  appear  largely 
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to  affect  the  surrouncling  material,  the  structure 
not  being  much  disturbed  at  about  1-lC  of  an 
Inch  from  the  edge  of  the  weld.  The  amount  of 
disturbance  is  still  less  in  tin  plates. 

(3)  The  weld  bears  little  evidence.  If  any,  of  the 
occurrence  of  oxidation. 

(4)  With  welds  made  as  for  these  experiments,  i.  e., 
with  flat  horizontal  welding,  a  sound  Junction  is 
obtained  between  the  plate  and  the  welding  mate- 
rial. 

0.  Strength  of  welds   (large  specimens). 

(a)  Butt  welds  have  a  tensile  strength  varying  from  90 
per  cent,  to  95  per  cent,  of  the  tensile  strength  of  the  un- 
welded  plate. 

(b)  Lap  welds. 

(1)  With  full  fillets  on  both  e<lges  the  ultimate 
strength  in  tension  varies  from  70  per  cent,  to  80 
per  cent,  of  that  of  the  unwelded  material. 

(2)  With  a  full  fillet  on  one  edge  and  a  single  run 
inferior  to  those  where  a  full  fillet  Is  provided  for 
both  edges. 

(c)  Riveted  lap  joints:  For  plates  of  about  ^  in.  in 
thickness,  the  specimens  averaged  about  65  per  cent,  to  70 
per  cent,  of  the  strength  of  the  unperforated  plate. 

Observations  of  Experimental  Results. —  (1)  Static  efas- 
ticity. — It  will  he  observed  that  the  st,atical  tests  made  to 
determine  the  elasticity  indicate  that,  in  general,  the  com- 
bination of  welded  and  unwelded  material  behaves  prac- 
tically homogeneously  up  to  at  least  the  elastic  limit. 
Moreover,  the  experiments  show  that  the  process  of  welding 
is  such  that  the  stress  is  distributed  practically  uniformly 
over  the  weld,  and  also  transmitted  uniformly  to  the 
adjacent  plates. 

The  material  of  the  weld  is  practically  pure  iron,  and  from 
the  tests  made  on  a  specimen  composed  entirely  of  the 
deposited  material  of  a  weld,  it  will  be  seen  that  for  given 
stress  the  weld  stretches  slightly  more  than  mild  steel. 
This  property  will  enable  any  undue  occurrence  of  load 
to  be  transferred  in  a  proper  manner  to  adjacent  portions 
of  the  structure.  When,  however,  the  stress  exceeds  the 
elastic  limit  and  is  so  great  that  the  extension  grows  con- 
tinuously without  increase  of  load,  the  welded  material 
fails  soont*  than  mild  steel.  This  disadvantage  is,  how- 
ever, of  little  practical  importance  in  shipbuilding,  and 
may  be  regarded  as  negligible  in  the  particular  problem 
under   consideration. 

(2)  Dynamic  elasticity. — In  a  structure,  such  as  a  ship, 
which  is  exposed  to  variations  and  reversal  of  stresses,  it 
is  extremely  important  to  know  whether  the  material  to 
be  used  is  likely  to  break  down  rapidly  under  such  altera- 
tions and  ranges  of  stress  as  are  likely  to  be  experienced. 
The  modified  Wohler  tests  employed  in  the  experiments 
certainly  indicate,  if  considered  solely  by  themselves,  that 
whereas  for  a  given  number  of  alternations  mild  steel 
would  withstand  a  range  of  stress  of.  say  ±  10'/^  tons,  the 
welded  material  might  be  expected  to  fail  at  about  ±  6% 
tons,  a  figure  which  is  more  nearly  experienced  in  ordinary 
ship  construction. 

It  would  appear  to  be  necessary  to  design  the  welded 
joints  in  such  a  manner  that  the  amount  of  work  likely  to 
be  thrown  on  the  joint  is  as  small  as  possible,  and  to  meet 
such  a  condition  a  welded  joint  requires  to  be  either  lapped 
or  strapped. 

It  will  be  noticed  that  the  material  in  the  weld  appears 
to  be  nearly  pure  iron  and  experiments  of  repetitive  stress 
show  that  wrought  iron  bars  are  likely  to  fail  under  a  range 
of  stress  of  perhaps  :!;  7  tons  to  ,s  tons,  as  compared  with 
mild  steel  at  rt  10  tons  to  11  tons.  The  weld  has  to  be 
deposited  electrically  and  is  subject  to  variations  in  work- 
manship: It  would  consequently  be  considered  satisfactory 
if  the  material  could  withstand  a  range  of  stress  of,  say. 
:r  t;^  tons. 

Consideration  of  the  dynamic  elasticity  of  properties  ap- 
pears to  show  that  In  any  case  the  welded  material  can 
experience  as  large  a  number  of  repetitions  of  stress  as 
wrought  iron  could  do.  and  It  is  always  recognized  that 
although  iron  could  not  approach  the  tests  for  mild  steel, 
vet  it  was  a  satisfactory  material  for  shipbuilding  purposes. 
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Further,  attention  to  design  of  detail  will  increase  the 
pi-rf(iriiiante  of  the  welded  joint,  and  in  addition  It  must 
not  be  forgotten  that  5.000,000  repetitions  of  stress  Is 
perhaps  more  than  equivalent  to  10  years'  good  sea  service. 

(3t  Physical  Nature  and  Properties.— The  welds  experi- 
mented with  are  to  be  regarded  as  having  been  produced 
unticr  most  favourable  condltion.s,  and  that  throughout  the 
experiments  welds  were  made  with  the  specimens  hori- 
zontal and  below  the  operator.  In  practice,  welds  will  re- 
ciuire  to  be  made  vertically  and  overhead  as  well,  conse- 
qiR'ntly,  extreme  care  will  be  required  in  such  operations 

The  physical  examinations  indicate  that  the  materials  of 
the  electrode  and  the  system  of  welding  adopted  were  suit- 
able and  reliable.  Moreover,  there  was  little  apparent 
oxidation  and  the  material  in  the  neighbourhood  of  the  weld 
was  not  affected  to  any  prejudlcal  extent. 

(4)  Strength  of  large  welds. — Broadly  speaking,  the  ten- 
tile  strength  of  butt  welds  was  as  great  as  the  unwelded 
material,  but  it  is  considered  that  greater  reliability  of 
workmanship  is  obtained  with  Joints  which  are  either 
lapped  or  strapped. 

It  was  also  found  that  the  lapped  joint  was  practically  as 
Ftrong  as  a  riveted  lapped  joint  and  would  probably  remain 
tight  when  subjected  to  more  trying  conditions  than  are 
iiocossary  to  disturb  a  riveted  lap  joint. 

Tentative  Regulations  of  Technical  Committee  of  Lloyd's 
for  the  Application  of  Electric  Arc  Welding  to  Ship  Con- 
struction.—  la)  System  of  Welding  and  Workmanship.  1. 
The  system  of  welding  proposed  to  be  used  must  be  ap- 
l)roved  and  must  comply  with  the  regulations  and  tests  laid 
down  by  the  committee. 

2.  The  process  of  manufacture  of  the  electrodes  must  be 
such  as  to  ensure  reliability  and  uniformity  in  the  finished 
article. 

3.  Specimens  of  the  finished  electrodes,  together  with 
specifications  of  the  nature  of  the  electrodes,  must  be  sup- 
plied to  the  committee  for  purposes  of  record. 

4.  The  committee's  officers  have  access  to  the  works 
where  the  electrodes  are  manufactured,  and  will  investigate, 
from  time  to  time  as  may  be  necessary,  the  process  of 
manufacture  to  ensure  that  the  electrodes  are  identical 
with  the  approved  specimens. 

5.  Alterations  from  the  process  approved  for  the  manu- 
facture of  electrodes  shall  not  be  made  without  the  con- 
sent of  the  committee. 

t;.  The  regulations  for  the  voltage  ana  amperage  to  be 
used  with  each  size  of  electrode,  and  for  the  size  of 
electrode  to  be  employed  with  different  thicknesses  of  mate- 
rial to  be  joined,  are  to  be  approved  by  the  committee. 

7.  The  committee  must  be  satisfied  that  the  operators 
engaged  Sre  specially  trained,  and  are  experienced  and 
efiicient  in  the  use  of  the  welding  system  proposed  to  be 
employed. 

8.  Efiicient  supervisors  of  proved  ability  must  be  pro- 
vided, and  the  proportion  of  supervisors  to  welders  must 
be  submitted  for  approval. 

(b)  Details  of  Construction. 

9.  The  details  of  construction  of  the  vessel  and  of  the 
welds  are  to  be  submitted  for  approval. 

10.  Before  welding,  the  surfaces  to  be  Joined  must  be 
fitted  close  to  each  other  and  the  methods  to  be  adopted 
for  this  purpose  are  to  be  approved. 

11.  All  butt  and  edge  connections  are  to  be  lapped  or 
strapped. 

12.  With  lapped  connections  the  breadths  of  overlaps  of 
butts  and  seams  and  the  profiles  of  the  welds  are  to  be  in 
accordance  with  the  following  table:  — 

Width  of 
Tlilckntss  oveilnp  seam  Total 

of  plate.  and  butt.  tlilrkne.ss. 

In.  .  In.  In. 

.40  and  under 2V4  .28 

.60    2^4  .3S 

.SO    ■ 2^i  .4S 

1.00    S  .50 

Intermediate  values  may  be  obtained  by  direct  inter- 
polation, and  for  thicknesses  below  .40  the  throat  thickness 
Is  to  be  about  70  per  cent,  of  the  thickness  of  the  plate. 

13.  A  "full  weld"  extends  from  the  edge  of  a  plate  for  a 
distance  equal  to  the  thickness  of  plate  to  be  attached,  and 
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the  minimum  measurement  from  the  inner  edge  of  plate 
to  the  surface  of  weld  is  the  throat  thickness  given  in  the 
table  above. 

14.  A  "light  closing  weld"  is  a  single  run  of  light  weld- 
ing worked  continuously  along  the  edge  of  the  plate.  Such 
a  weld  may,  however,  be  interrupted  where  it  crosses  the 
connection  of  another  member  of  the  structure. 

15.  An  "intermittent  or  tack  weld"  has  short  lengths  of 
weld  which  are  spaced  three  times  the  length  of  the  weld 
from  centre  to  centre  of  each  short  length  of  weld.  Such 
tack  welding  may  vary  in  amount  of  weld  between  a  "full 
weld"  and  a  "light  closing  weld." 

16.  The  general  character  of  welds  is  to  be  in  accordance 
with  the  following  table:  — 

In-  Out- 
side side 
edge.  edge. 

(a)  Butts  of  shell,  deck  and  inner  bottom  plating 1 

(b)  Butts  of  longitudinal  girders  and  hatch  coamings..  I  F         F 

(c)  Kdges  of  shell,  deck  and  inner  bottom  plating ] 

(d)  Butts  and  edges  of  bulkhead  plating JL        F 

Toe.  Heel. 

(e)  Frames    to    shell,    reverse    frames    to    frames    and  l 

floors    

<f)   Beams  to  decks 

(g)  Longitudinal  continuous  angles ^T 

(h)   Side    girders,    bars    to      shell,      intercostal     plates 

floors  and   inner  bottom 

(i))  Bulkhead    stifteners    

F  =  full  weld.     L,=  light  weld.     T  =  tack  weld. 

17.  All  bars  required  to  be  watertight  are  to  have  con- 
tinuous welding  on  both  flanges  with  tack  welding  at  heel 
of  bar. 

18.  The  welded  connections  of  beam,  frame  and  other 
brackets  are  to  be  submitted  for  special  consideration. 

19.  The  committee  may  require,  when  considered  neces- 
sary, additional  attachment  beyond  that  specified  above, 
and  the  welding  of  all  other  parts  is  to  be  to  their  approval. 

As  is  customary  when  a  new  process  of  construction,  of 
which  experience  in  conditions  analogous  to  those  which 
are  met  with  in  ships  is  not  available,  is  proposed  to  be 
adopted  In  vessels  classed  by  Lloyd's  Register,  the  com- 
mittee have  decided  that  the  classification  will  be  subject 
to  the  notation  "experimental,"  and  a  record  of  "electrically 
welded"  will  also  be  made  in  the  society's  register  book. 


Fuel  Economy  Campaign  of  British  Con- 
ti^Uer  of  Coal  Mines 

A  coal  economy  campaign  was  begun  last  summer  by  the 
Controller  of  Coal  Mines.  In  this  work  the  controller  is 
assisted  by  a  technical  staff  attached  to  the  head  office,  and 
by  a  large  number  of  engineers  in  the  Provinc^  attached 
to  the  coal  control  department  for  this  special  purpose. 
This  arrangement  enabled  the  country  to  be  mapped  out  in 
districts  so  that  all  industrial  consumers  will  within  a  rea- 
sonable time  be  in  touch  with  the  organization.  The  scheme 
comprises  two  main  sections — (a)  electrical  undertakings 
and  (b)  industrial  undertakings.  The  work  involved  in- 
cludes the  careful  scrutiny  of  the  quantity  and  quality  of 
coal  consumed  by  the  various  undertakings  and  the  effi- 
ciency obtained.  It  also  includes  the  inspection  of  factories 
and  works  by  experts,  in  order  to  ascertain  means  by  which 
fuel  consumption  may  be  reduced  and  the  best  methods 
to  that  end.  Some  4no  skilled  engineers  engaged  on  this 
work  are  giving  their  services  to  the  Government  without 
salary.  Any  public  body  or  company  or  person  wishing 
to  effect  economies  at  once  and  desiring  the  controller's 
assistance  in  this  direction  communicates  with  coal-control 
headquarters,  and  arrangements  are  made  to  send  a  tech- 
nical expert  to  look  into  the  conditions  under  which  coal  is 
being  consumed  and  to  co-operate  with  the  consumer  in 
effecting  economy.  Apart  from  special  applications  of  this 
kind,  the  controller's  representatives  will  visit  firms  in 
turn  in  accordance  with  a  general  plan  of  operations.  So 
imperative  is  the  need  to  reduce  coal  consumption  to  a 
minimum,  states  the  Government  Board  of  Trade  Journal 
of  Aug.  8,  that  a  rationing  scheme  for  all  industrial  under- 
takings will  be  introduced   shortly. 


The   Development  of  Electricity 

by  Natural  Steam  Power 

Plant 

From    The    Kuyineer. 

The  large  works  at  Larderello,  Italy,  for  the  recovery  of 
borax  from  hot  springs  have  long  been  known.  Though  the 
borax  industry  has  been  concentrated  around  this  village, 
the  volcanic  di.=>trict  for  many  miles  round  is  punctuated 
with  sotlioni  —  blasts  of  hot  borax-bearing  steam  which 
break  through  the  natural  crevices  of  the  soil.  For  many 
years  it  was  only  for  the  recovery  of  the  borax  that  this 
steam  was  utilized,  but  of  late  a  new  departure  has  been 
made  which  is  interesting  both  for  the  methods  devised  for 
overcoming  technical  difficulties  and  for  the  great  impor- 
tance it  may  reach. 

The  earliest  experiments  for  utilizing  the  Volterra  steam 
for  producing  power  date  back  to  1903.  when  Prince  Ginori- 
Conti  had  a  powerful  jet  of  natural  steam  directed  onto 
the  vanes  of  a  water-wheel,  but  the  apparatus  was  little 
more  than  a  toy.  Later  on  he  used  the  steam  in  a  recipro- 
cating engine  which  sufficed  to  drive  a  small  dynamo  and 


Natural  Steam  Piping  at  the  Central  Station, 
provide  current  for  a  few  lamps.  Encouraged  by  the  devel- 
opment of  these  experiments,  the  Prince  set  up  a  larger 
engine  of  40-H.P.,  which  also  was  actuated  by  the  natural 
steam  just  as  it  rose  from  the  ground.  The  results  obtained 
were  satisfactory  in  a  way,  but  the  rapid  corrosion  of  the 
metal  work  by  the  sulphuric  acid  and  other  impurities  that 
contaminated  the  raw  steam  were  a  very  serious  drawback. 
However,  in  the  hopes  that  this  obstacle  might  by  some 
device  be  overcome,  several  borings  were  made  reaching 
from  a  depth  of  100  to  ISO  metres,  in  which  iron  tubes,  of  a 
bore  varying  from  20  to  40  centimetres,  were  fixed.  Jets 
of  superheated  steam  were  thus  obtained  in  large  quanti- 
ties. The  production  of  the  several  shafts  varies  from  5,000 
to  20.000  kilos,  of  steam  per  hour,  the  pressure  from  2  to  3 
atmospheres,  while  if  the  aperture  of  the  tube  is  completely 
closed  the  pressure  rises  to  4  or  5  atmospheres,  and  the 
temperature  ranges  from  150°  to  180°. 

This  source  of  possible  power  is  clearly  important  in 
quantity,  and  is  susceptible  of  great  development,  for  expe- 
rience shows  that  shafts  can  be  sunk  as  close  to  each  other 
as  are  the  oil  wells  in  a  Pennsylvania  field  without  interfer- 
ing with  their  respective  production,  and  the  ground  in 
which  they  can  be  sunk  with  good  results  extends  over  sev- 
eral square  miles.  But  before  this  source  of  power  could 
be  made  commercially  available  some  means  had  to  be 
devised  for  getting  over  the  corrosion  of  the  metals  in  the 
apijaratus   used. 

The  first  attempt  on  anything  like  a  large  scale  was  made 
with  a  jet  of  25.000  kilos  of  steam  per  hour  at  a  pressure 
of  2  atmospheres.  Theoretically  this  would  provide  about 
4,000  H.P..  40  per  cent,  of  which  could  be  practically  util- 
ized.    What  was  actually  done  was  to  install  in  1912  a  tur- 
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lilne  of  300  H.r.,  coupled  with  an  alternator  provldliiR  a 
ciirrenl  sullkient  for  liKlitiiiK  the  Larderel  PstabliBhiiient. 
The  results  obtained  were  considered  good  enough  to  justify 
the  erection  of  a  plant  on  a  larger  scale,  and  the  huge  In- 
t-reuse  In  the  cost  of  coal  caused  by  the  war.  owing  to  which 

<  oal  has  been  sold  on  wharves  of  (lenou  up  to  £20  per  ton, 
provided  an  additional  motive  for  pushing  on  the  work. 
Three  turbines  were  built  by  Tosi.  of  Legnano,  coupled  to 
alternators  for  the  production  of  S.OHO  kw.  each.  The  cor- 
rosion problem  was  tackled  in  thi.s  way.  The  steam  from 
the  sollioni  was  not  sent  direct  Into  the  turbines  but  was 
used  to  heat  three  groups  of  low  pressure  (1%  atmospherel 
tubular  boilers  supplied  with  pure  water,  the  condensed 
iteam  being  collected  for  the  recovery  of  the  boracic  acid 
and  the  otner  byiiroducts  which  it  contains.  The  boilers 
which  produce  the  steam  for  feeding  the  turbine  are  verti- 
cal and  the  tubes  are  of  aluminum,  as  being  less  affected  by 
the  acids  contained  in  the  steam  which  provides  the  heat 
tor  boiling  the  water  in  the  secondary  boiler.  Kach  of 
ihese  turbines  develops  about  1,000  H.P.,  and  they  are 
coupled  to  the  three  alternators  of  3,000  kw.  each.  The 
electric  current,  which  by  the  transformers  is  raised  to 
:ii!,0O0  ind  Iti.OOO  volts,  is  distributed  by  five  distinct  lines 
to  various  towns  of  Tuscany — Volterra,  Massa,  Sienna,  Leg- 
horn, Florence.  Last  summer  only  two  of  the  groups  were 
used,  the  third  being  held  in  reserve,  but  other  turbines 
were  under  order,  and  the  power  produced  will  probably  be 
largely  Increased  in  the  near  future.  The  latest  information 
to  hand  is  that  the  company  has  sold  more  power  than  it 

<  an  at  present  produce.  It  is  In  contemplation  to  provide 
motor  power  from  this  source,  in  substitution  for  coal- 
laised  steam,  to  the  two  important  steel  works  situated  on 
the  coast  at  Piombino — the  AIti  Forni  and  the  Magona 
d'ltalia.  A  scheme  of  treatment  is  also  under  consideration 
for  the  recovery  of  helium  and  other  rare  gases,  which  may 
be  used  for  the  making  of  electric  lamps  and  other  pur- 
poses. 

Of  the  economical  results  of  the  scheme  it  is  as  yet  too 
early  to  say  anything  positive.  Even  if  the  management 
were  willing  to  divulge  them  it  is  hardly  likely  that  it  has 
yet  been  able  to  determine  their  costs  with  any  accuracy. 
With  coal  at  Its  present  price  almost  any  source  of  energy 
may  be  Scrambled  for,  but  when  normal  times  return  the 
iiuestion  of  finance  will  assume  a  different  aspect,  and  the 
plant  now  working  must  therefore  still  be  looked  on  from 
the  profit  and  loss  point  of  view,  as  something  of  an  experi- 
ment, though  the  able  men  to  work  it  are  not  lacking  in 
confidence.  It  will  take  a  longer  experience  to  determine, 
not  only  the  ultimate  efiiciency  of  the  plant,  but  also  what 
will  be  the  cost  of  repairs  for  boilers  working  under  the 
trying  conditions  to  which  they  are  subject.  How  will  this 
(ost  compare  with  that  of  water  turbines? 

Furnace  Slag  for  Pavement  Foundation. — In  a  discussion 
of  road  foundations  at  the  meeting  of  the  Institution  of 
.Municipal  and  County  Engineers  last  June,  Mr.  E.  P.  Hooley 
stated  that  it  was  useless  to  expect  to  obtain  a  sound  per- 
manent road  by  laying  down  3  In.  of  permanent  facing 
on  a  suli-base  of  4  in.  of  round  pebbles.  He  suggested  that 
much  could  be  done  even  under  present  conditions  to  pre- 
pare roads  for  permanent  surfacing  later  on.  For  this, 
where  the  bottom  is  dry,  he  recommended  the  use  of  fur- 
nace slag,  broken  to  3>;4in.  to  4-in.  gage,  having  Its  voids 
carefully  packed  with  smaller  material  and  well  rolled. 
This,  he  stated,  formed  an  almost  ideal  "subcrust"  for  re- 
ceiving a  permanent  face  later  on,  and  In  the  meantime 
it  would  carry  ordinary  trallic  well.  Where  the  ground  was 
wHtei-loggod  he  advised  the  use  of  faggots  laid  angle-wise 
:ind  packed  with  engine  ashes.  After  well  rolling  this  layer 
;i  course  of  engine  ashes  or  furnace  clinker,  4  In.  thick, 
lilltd-  in  with  finer  material,  and  thoroughly  rolled,  would 
(•omi>l('tc  the  foundation  layer.  Faggots  were  also  recom- 
mended for  use  In  strengthening  of  the  sides  of  roadways. 
This  Mr  Hooley  effects  by  excavating  the  undesirable  ma- 
terial and  nillne  In  first  with  a  4-in.  layer  of  rolled  clinkers, 
followed  by  rolled  faggottlne  laid  at  an  angle  of  4."i°  with 
ihi-  line  of  the  roadway.  This  Is  surmounted  by  4  In.  of 
rolled  clinker  filled  in  as  already  explained. 


The  National   Laboratory  for 
Industrial  Research 

By   SIR   KICIIARI)  T.   (JLAZKHUOOK. 
Kinin  a  li-iluru  delivcrud  l-\li.  :;i;.  \:<]s,  at  tin-  Koyal  IriHlltutlon 

The  idea  of  a  laboratory  devoted  to  industrial  research 
is  by  no  means  novel,  and  the  steps  by  which  ordinarily  a 
scientific  discovery  develops  into  a  manufacturing  process 
are  generally  recognized.  First  and  foremost  we  have  the 
research  student  impelled  by  his  thirst  for  knowledge,  his 
desire  to  penetrate  ever  deeper  into  the  mysteries  of  Na- 
ture; he  does  not  work  with  the  deliberate  intention  of 
making  something  of  service  to  humanity.  Faraday's  dis- 
coveries of  electromagnetic  laws  were  at  first  as  useless 
as  the  new  born  babe,  but  had  within  them  that  power  and 
potency  which  has  transformed  the  industry  of  the  world 
Kiintgen,  when  he  discovered  X-rays,  or  J.  J.  Thomson  when 
he  tracked  down  ions  and  corpuscles  thought  little  of  their 
application  to  surgery  and  the  countless  benefits  they  have 
brought  to   suffering  humanity. 

There  must  be  institutions  where  research  work  is  car- 
ried on  for  its  own  sake,  where  men  may  make  discoveries 
which  may  revolutionize  and  not  merely  reform  the  world, 
where  they  may  train  students  in  those  fundamental  laws 
and  principles  which  must  be  at  the  root  of  every  success- 
ful endeavor  to  apply  science  to  industry.  But  there  is  a 
wide  gap  between  such  homes  of  science  and  the  works  of 
the  manufacturer,  and  it  Is  to  fill  this  that  laboratories  of 
industrial   research   are   needed. 

Abbe  realized  in  187G  that  British  optical  instruments  had 
reached  the  highest  development  possible  until  a  radical 
change  was  made  in  the  properties  of  the  glass  used  for 
lenses;  it  took  years  of  patient  labor,  aided  by  subsidies 
from  the  Bavarian  Government,  before  he  and  Schott  were 
able  to  place  Jena  glasses  on  the  market.  Von  Bayer  dis- 
covered synthetic  indigo  about  1880,  but  it  was  not  until  20 
years  had  passed  that  the  Badische-Anilin-Soda-Fabrik  pro- 
duced it  on  a  commercial  scale.  Long  and  patient  incjuirv 
was  needed  in  the  great  laboratory  of  the  General  Electric 
Co..  of  America,  at  Schenectady  before  the  Coolidge  tube 
was  developed  from  the  original  X-ray  tube.  The  work  of 
the  discoverer  needs  development  and  extension  before  it 
can  be  utilized  by  industry.  This  is  the  task  of  the  Labora- 
tory of  Industrial  Research. 

Or,  again,  looking  at  our  problem  from  the  opposite  side, 
a  manufacturer  has  some  question  to  solve — the  utilization 
of  a  waste  product  which  if  it  were  not  waste  would  make 
all  the  difference  between  commercial  failure  or  success, 
the  discovery  of  a  material  with  some  special  properties — 
e.  g.,  a  light  alloy  of  great  strength  at  a  high  temperature — 
needed  before  a  new  machine  can  be  completed.  Such  a 
man  must  have  access  to  a  laboratory  fitted  and  equipped 
for  the  purpose  with  a  trained  staff  having  stored  exper- 
ience as  the  result  of  previous  work  or  researches  on  cog- 
nate questions. 

The  Need  of  Special  Laboratories  for  Research  Work,- 
But  it  is  sometimes  urged:  "Why  do  you  need  a  special 
laboratory  for  such  work?  Can  it  not  be  done  equally  well 
in  one  of  the  university  or  technical  college  laboratories'" 
Is  it  not  enough  to  multiply  and  organize  these,  to  bring 
the  teachers  into  direct  contact  with  the  manufacturers  of 
their  districts,  and  to  encourage  the  students  ut  an  earl\ 
stage  to  interest  themselves  in  the  scientific  problems  the> 
will  have  to  solve  later  in  their  daily  work?"  To  this  my 
answer  would  be  that  It  is  not  enough.  The  primary  work 
of  the  professor  Is  to  teach  and  to  advance  knowledge,  that 
of  the  student  is  to  learn  how  to  research  and  to  apply  his 
knowledge.  The  professor  will,  no  doubt,  keep  in  close 
contact  with  the  industry  and  take  his  illustrations  from 
the  manufactures  of  his  district,  but  before  his  students 
can  usefully  engage  in  Industrial  research  they  must  have 
a  thorough  grasp  of  the  principles  underlying  all  research 
and  of  the  methods  of  employing  them.  Industrial  prob- 
lems are  usually  too  complex  for  students,  and.  moreover, 
the  answers  are  wanted  too  rapidly  to  make  them  subjects 
of  a  student's  exercise;  he  will  learn  by  failures;  by  the 
inexperienced  the  right  road  Is  only  found  at  last  after 
many    tempting   tracks   leading   nowhere   have   been   vainly 
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tried.  The  manufacturer  who  comes  with  a  problem  which 
■cannot  wait  will  be  more  sure  to  find  a  solution  if  he  ap- 
plies to  men  whose  daily  work  it  is  to  attempt  such  prob- 
lems and  who  have  the  experience  of  the  past  to  guide 
them.  Moreover,  the  plant  and  equipment  required  is  spe- 
cial; the  industrial  research  laboratory  must  be  fitted  on 
the  industrial  scale.  A  rolling  mill  is  not  an  adjunct  re- 
■  quired  in  every  technical  school  where  the  principles  of 
metallurgy  are  taught,  and  yet  without  a  rolling  mill  the 
study  of  the.  light  alloys  at  the  National  Physical  Laboratory 
could  not  have  been  brought  to  the  pitch  it  has  been.  The 
plant  and  equipment  of  an  industrial  research  laboratory  are 
provided  for  the  purpose  of  applying  science  to  industry. 
The  requirements  of  students  and  the  educational  value  of 
the  apparatus  need  not  be  studied.  There  must,  of  course, 
be  many  specialized  laboratories  of  industrial  research; 
much  more  than  the  National  Physical  Laboratory  is  re- 
/Quired. 

Future  of  a  Central  Laboratory  of  Industrial  Research. — 
And  now,  turning  to  the  future,  let  us  consider  what  is  to 
be  the  position  of  the  institution  as  a  Central  Laboratory 
of  Industrial  Research.  In  a  lecture  delivered  in  Birming- 
ham rather  more  than  a  year  ago,  shortly  after  Lord  Crewe 
had  announced  the  formation  of  the  Department  of  Scien- 
tific and  Industrial  Research,  I  referred  to  such  laboratories, 
;and  I  wrote: 

There  must  be  more  than  one;  in  many  oases  an  industry  can 
be  best  served  by  a  laboratory  near  its  principal  center.  Large 
firms,  again,  may  each  prefer  to  have  their  own  trade  secrets — 
this  must  be  so  to  some  extent — and  trade  jealousies  may  inter- 
fere with  full  co-operation,  but  a  private  laboratory  on  a  really 
sufficient  scale  is  expensive;  too  often  it  becomes  little  more 
than  what  I  have  called  a  works  laboratory  for  testing  the  prod- 
ucts of  the  factory,  and  for  the  smaller  firms,  at  least,  the  only 
•way  to  secure  the  full  advantage  of  scientific  advance  is  by 
co-operation— co-operation  in  the  laboratory,  co-operation,  with 
specialization   in   production,   in   the  works  themselves. 

It  has  been  suggested  that  I  wish  to  make  the  National 
Physical  Laboratory  not  merely  a  national  hut  the  only 
^bridge  between  science  and  industry.  This  is  not  the  case; 
let  me  quote,  in  order  that  I  may  amplify  them,  the  con- 
cluding words  of  the  lecture: 

Associations  are  to  be  formed  representing  various  trades 
•  or  industries;  the  representatives  of  these  will  discuss  with 
representatives  of  the  Advisory  Committee,  and  otlier  experts, 
•■questions  needing  .scientific  investigation  and.  when  these  are 
determined,  the  grant,  supplemented  in  most  cases  by  funds 
raised  privately  or  contributed  by  the  industry,  is  to  be  used  to 
carry  them  out.  Such  work  needs  laboratories,  and  it  is  here, 
it  seems  to  me,  that  the  future  of  the  National  Physical  Labor- 
latory  lies. 

In  many  casep,  no  doubt,  the  researches  contemplated  must 
go  on  in  special  laboratories  arranged  and  equipped  for  the  pur- 
pose— laboratories  closely  connected  with  the  industry  it  is 
desired  to  help,  situated  at  the  great  manufacturing  centers;  but 
there  are  many  other  researches  of  wide  interest  and  great  im- 
portance for  which  a  central  laboratory  is  the  proper  house,  a 
laboratory  fitted  and  equipped  in  an  ample  manner,  witii  a 
trained  and  competent  staff. 

The  body  controlling  industrial  science  research  must  have 
accesp  to  a  labor.'xtory  in  which  may  be  studied  the  many  prob- 
lems which  do  not  require  for  their  elucidation  appliances  of  the 
more  specialized  "works"  character,  or  opportunities  only  to  be 
•found  in  particular  localities:  where  a  staff  is  available,  able 
and  experienced,  ready  to  attack  under  the  advice  of  men  skilled 
in  industry,  the  technical  difllculties  met  in  applying  new  dis- 
■  coveries  on  a  manufacturing  scale  or  to  develop  ideas  which 
rpromise  future  success. 

Such  a  role  the  National  Physical  Laboratory  should  be  pre- 
pared to  play,  such  is  the  future  which  I  trust  may  be  in  store 
'for  it. 

This  work  has  already  been  begun.  The  various  trades 
associations  have  been  formed,  or  are  being  formed,  for  the 
promotion  of  research  on  matters  of  interest  to  the  mem- 
bers of  the  trade. 

Research  for  Trade  Associations. — The  principal  objects 
lOf  an  association,  as  they  would  be  laid  down  in  the  mem- 
■orandum  of  association,  may  be  briefiy  summarized  thus: 

(a)  To  promote  research  in  connection  with  the  manu- 
facture and  use  of  .  .  .  .by  maintaining  or  subsi- 
idizing  existing  laboratories  and  workshops,  or,  if  necessary, 
i3stablishing  and  equipping  laboratories  and  workshops. 


(b)  To  retain  or  employ  skilled  professional  or  tech- 
nical advisers  in  connection  with  the  objects  of  the  asso- 
ciation. 

(c)  To  encourage  the  discovery  of,  and  investigate  the 
merits  of,  improvements  which  may  seem  capable  of  being 
utilized  for  the  purpose  of  the  respective  industry,  and  to 
take  out  patents  or  licenses  relating  to  such  inventions  or 
improvements  and  to  perfect  and  develop  them. 

(d)  To  support  or  to  establish  libraries,  collections,  or 
museums  necessary  for  the  promotion  of  the  industries  con- 
cerned. 

(e)  To  publish  or  to  assist  in  publishing  any  literature, 
statistics,  or  information  relating  to  the  subject  of  .  .  . 
that  may  be  of  value  to  members  of  the  association. 

(f)  To  promote  in  any  way  desirable  the  education  of 
those  engaged  or  likely  to  be  engaged  in  the  industries  con- 
cerned. 

(g)  To  co-operate  with  other  associations  or  bodies  hav- 
ing objects  bearing  on  the  work  of  the  association. 

(h)  To  apply  to  the  Government  for,  and  to  accept, 
grants  of  money  and  other  assistance  for  the  purpose  of  the 
objects  of  the  association  and  to  discuss  and  negotiate  with 
the  Department  of  Scientific  and  Industrial  Research  and 
other  Government  department's  schemes  of  research  and 
other  matters   within   the   objects   of  the   association. 

Each  such  association  will  probably  require  its  own 
labors^tory  situated,  for  preference,  at  the  center  of  the 
trade  concerned.  This  will  deal  with  the  special  problems 
of  the  trade,  problems  which  need  intimate  association 
with  works  conditions  for  their  solution  and  tor  which  the 
close  supervision  of  men  in  works  is  important. 

Industrial  Problems  That  Can  Best  Be  Dealt  With  in  Cen- 
tral Laboratory. — But  there  are  numerous  industrial  prob- 
lems which  can  best  be  dealt  with  in  a  central  laboratory: 
let  me  give  some  instances  of  what  I  mean.  Such,  for 
example,  are: 

(1)  Investigations  into  methods  of  standardization  or 
of  measurement  generally. 

(2)  Investigations  into  the  physical  and  mechanical 
properties  of  materials  used  in  many  trades. 

(3)  Investigations  useful  to  a  trade  which  has  no  fixed 
center,  but  is  widespread  over  the  country. 

Or,  again,  (4)  a  central  laboratory  will  be  of  service  as 
a  means  whereby  information  as  to  large  questions  of  gen- 
,eral  interest,  investigated  either  at  the  central  laboratory 
itself  or  at  the  local  special  laboratories,  may  be  circulated 
and  time  saved  by  placing  at  the  disposal  of  any  special 
laboratory  requiring  them   the   results   obtained   elsewhere. 

Instances  of  investigations  useful  to  a  trade  which  has  no 
fixed  center. — A  research  has  been  in  progress  for  some 
time  at  the  laboratory  into  the  heating  of  buried  cables  car- 
rying electric  currents.  In  connection  with  the  wiring 
rules  committee  of  the  Institution  of  Electrical  Engineers 
much  has  been  done  to  determine  the  temperature  to  which 
the  cables  used  in  house  wiring  are  raised  in  various  cir- 
cumstances, and  to  fix  the  safer  currents  to  be  used  in  each 
case.  Our  knowledge  of  the  temperature  reached  in  cables 
when  buried  in  the  ground  is  very  scanty  and  somewhat 
conflicting;  much  depends  on  the  nature  of  the  covering 
used  to  protect  them,  and  possibly  something  on  the  nature 
of  the  soil.  Cables  laid  in  ducts  again  differ  from  those  pro- 
tected merely  by  the  ordinary  forms  of  lead  or  other  cov- 
ering, and  yet  the  life  of  the  insulation  depends  in  great 
measure  on  the  temperature  reached  when  the  current  is 
flowing  and  thus  regulates  the  carrying  capacity  of  the 
cable.  Thanks  to  the  co-operation  of  supply  authorities 
in  many  parts  of  the  country  much  valuable  information 
has  been  collected,  and,  though  the  research  at  the 
laboratory  proceeds  but  slowly,  results  of  great  importance 
are  being  obtained.  Such  a  research  needs  large  appli- 
ances, and  currents  up  to  S.OOO  amperes  or  10,000  amperes 
will  be  employed.  It  needs  also  the  resources  of  a  fully- 
equipped  physical  laboratory  in  order  to  measure  accurately 
the  temperature  differences  due  to  varying  conditions;  when 
complete  it  will  be  of  value  to  all  supply  companies.  This 
is  true  of  many  other  electrical  tests  and  experiments;  the 
results  ■  are  of  wide  application;  it  is  desirable  that  they 
should  be  widely  published. 
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The  building  trade  offers  another  example  of  this  kind. 
Urick  and  stone,  wood  and  iron,  have  been  used  for  long, 
and  their  properties  when  employed  for  building  construc- 
tion are  generally  well  known.  This  Is  less  true  of  other 
more  modem  materials — ferro-eoncrete,  for  example.  There 
ail'  rules  based  no  doubt  on  the  best  experience  available 
—  for  esflmatlng  the  strength  of  beams,  columns  and  floors, 
but  there  is  much  scope  for  Inquiry.  Accordingly,  at  the 
instance  of  Sir  John  Cowan,  of  the  firm  of  Messrs.  Redpatb. 
Urown  and  Co..  who  is  bearing  the  expense,  apparatus  is 
being  built  to  test  columns  up  to  15  ft.  or  20  ft.  in  length 
and  floors  of  considerable  size.  War  conditions  again 
are  interfering,  but  the  work  is  progressing  slowly  and 
must  be  done.  There  are  other  materials  besides  ferro- 
concrete urgently  calling  for  examination.  Nor  is  the 
strength  of  the  materials  the  only  factor  to  be  considered. 
Materials  transmit  heat  in  very  varying  amounts  and  the 
comfort  of  a  house,  to  say  nothing  of  the  cost  of  living  in 
it,  will  depend  on  whether  It  is  possible  easily  to  keep  it 
warm  In  winter,  cool  in  summer.  Recently  we  were  asked 
to  compare  the  heat  losses  from  two  enclosures  exactly 
alike  in  all  respects,  except  that  the  one  was  roofed  with 
corrugated  iron,  the  other  with  some  preparation  of  asbes- 
tos. It  was  found  that  the  latter  cooled  20  per  cent  faster 
than  the  former;  the  loss  of  heat  depends,  in  part,  on  the 
conductivity  of  the  material,  in  part  on  the  emissivity  of 
its  surface,  and  the  superior  emissivity  of  the  asbestos 
sheet  more  than  made  up  for  its  inferior  conductivity.  In 
this  connection  it  is  clear  there  is  much  to  be  done,  and 
for  such  work  a  central  laboratory,  with  proper  equipment, 
is  the  most  suitable  place.  Arrangements  are  in  progress 
by  which  it  is  hoped  many  of  these,  questions  will  be  thor- 
oughly investigated. 

The  importance  of  the  collection  and  dissemination  of  in- 
formation on  matters  connecting  industry  and  science  is 
clear.  At  a  central  laboratory  much  of  the  information  will 
be  to  hand:  the  accumulated  experience  of  the  staff,  their 
knowledge  of  the  work  done  in  the  sectional  laboratories, 
their  appreciation  of  the  bearing  on  industry  of  inquiries 
in  the  region  of  pure  science,  are  all  valuable  assets  and  a 
proper  organization  only  is  needed — by  means  of  a  bulletin 
or  in  some  such  way — to  circulate  their  information  where 
it  is  most  wanted. 

There  is  ample  room  for  a  central  laboratory  without 
trenching  in  the  laast  on  the  spheres  of  the  local  sectional 
institutions.  If  the  Department  of  Scientific  and  Industrial 
Research  is  to  carry  out  effectively  the  work  it  contem- 
plates such  a  laboratory  is  essential,  and  my  hope  is  that 
the  National  Physical  Laboratory  may  develop  into  such 
an  institution  in  close  connection,  through  the  department, 
with  local  laboratories  throughout  the  country. 


Provisional   Plans    for  Draining    the 
Zuider  Zee 

Krom    the    Engineering   Supplement    of    the    London    Time.s. 

The  announcement  that  the  necessary  authority  has  been 
given  by  the  Dutch  Parliament  for  the  draining  of  the 
Zuider  Zee  probably  brings  ambitions  which  engineers 
have  entertained  for  a  very  long  period  a  stage  nearer 
realization.  The  area  with  which  It  is  proposed  to  deal 
Is  one  of  nearly  1,500  square  miles,  of  which  over  800 
would  be  reclaimed  and  the  remainder  converted  into  a 
fresh  water  lake,  thus  providing  a  remedy  for  the  pres- 
ent dearth  In  Holland  of  water  supplies  In  summer.  From 
the  point  of  view  of  the  engineer  the  reclamation,  on 
v^hich  it  is  proposed  to  expend  15%  million  pounds.  Is  a 
large-scale  project  of  somewhat  simple  form.  The  con- 
struction of  a  main  embankment  over  18  miles  long,  which 
it  is  estimated  would  occupy  nine  years  in  construction, 
would  shut  out  the  sea.  and  enable  four  areas  extending 
over  500.000  acres  to  be  set  aside  for  reclamation.  These 
would  probably  be  available  for  occupation  within  20  years, 
by  which  time  the  ordinary  reclamation  schemes  In  Hol- 
land, which  have  provided  about  25,000  acres  annually  for 
a  considerable  period,  will  from  natural  causes  have  been 
discontinued. 


Pumping  Experiments  for  Subsoil 
Water  Supply  for  Puri 

From    Iiiilian    Kiitiip  •  run.- 

.\n  Interesting  report  on  some  pumping  experiments  at 
I'uri  in  connection  with  water-supply  of  that  seaside  town 
has  been  made  by  Mr.  F.  C.  Temple,  Sanitary  Kngineer  to 
the  Covernment  of  Bllhar  and  Orlssa.  The  supply  is  be- 
ing sought  for  In  a  somewhat  novel  direction  and  It  Is 
chiefly  this  that  lends  Interest  to  the  scheme.  It  had  al- 
ways been  understood  that  the  sandy  tract  running  parallel 
to  the  sea  contained  a  good  supply  of  fresh  sub-soil  water, 
but  until  Mr.  Temple  took  in  hand  definite  experiments 
to  prove  It  the  sulliciency  of  the  supply  for  the  purposes 
of  a   complete   water-supply   project   remained   uncertain. 

Mr.  G.  B.  Williams,  Sanitary  Engineer,  Bengal,  after 
making  some  deep  borings,  ascertained  that  sub-soil  water 
existed  with  a  surface  fall  of  about  1  in  1,000  and  suggested 
that  this  water  might  be  intercepted  by  means  of  an  In- 
filtration gallery.  It  then  remained  to  determine  what 
length  of  gallery  would  be  required  to  Intercept  all  the 
water  required  for  a  water-supply  to  the  town.  Mr.  Will- 
iams had  selected  a  site  (about  1  mile  from  Bay  of  Ben- 
gal) for  the  gallery.  A  length  of  gallery  20  ft.  long  had 
been  constructed,  a  pipe  had  been  led  from  the  gallery 
to  a  well,  and  a  suction  pipe  for  the  pump  had  been  fixed 
In  the  well.    But  all  this  had  disappeared  in  the  sand  when 
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Section  of  Infiltration  Gallery. 
Mr.  Temple  took  up  the  subsequent  experiment;  and  It 
became  necessary  to  recover  and  repair  the  works.  The 
gallery  was  patched  up,  the  suction  well  was  reconstructed 
and  the  pipe  connecting  gallery  and  well  was  rejected  in 
favor  of  a  continuation  of  the  gallery  right  up  to  the  well, 
thus  making  its  new  length  36.5  ft.  The  pump  delivered 
into  a  9-in.  pipe  which  discharged  the  water  2,220  ft.  away 
through  a  gage  tank  on  the  high  bank  of  the  sea.  Obser- 
vation pits  were  also  established  at  intervals. 

Unfortunately,  some  delay  occurred  in  having  everything 
ready  for  conducting  the  experiments  in  the  hot  weather 
of  191C,  and  so  pumping  began  after  rain  had  fallen  and 
raised  the  level  of  the  sub-soil  water.  Two  M'orthington 
pumps  were  employed,  one  6  in.  x  8%  in.  x  C  in.  and  one 
G  in.  X  5%  in.  x  6  in.,  and  they  worked  continuously  from 
the  5th  to  the  30th  of  July,  a  rate  being  maintained  that 
kept  the  level  of  the  water  1  ft.  above  the  invert  of  the 
gallery.  On  July  19  a  decided  fall  was  observed  in  the  ob- 
servation pits  out  to  300  ft.  from  the  trench  and  four  more 
pits  were  dug.  On  July  30  the  pumps  were  speeded  up 
and  the  gallery  bed  was  kept  as  nearly  dry  as  possible. 
The  pumps  were  stopped  at  10  a.  m.  and  recoupment  ob- 
servations taken.  The  total  quantity  of  water  pumped 
worked  out  to  0.710,085  gal.,  or  an  average  of  388,403  gal. 
per  day;  that  Is,  443  gal.  per  hour  per  lineal  foot  of  gallery. 
The  Inflow  to  the  gallery  was  perceptible  up  to  a  radius 
of  rather  more  than  500  ft.  or  an  area  of  some  SOO.OOO  sq.  ft. 

While  the  experiment  was  going  on  10. 8C  in.  of  rain  fell 
on  this  area  representing  4.000,000  gal.  or  more  than  one- 
third  of  the  total  quantity  pumped  out  during  the  test.  And 
this  fact,  of  course,  prevents  making  the  straightforward 
use  of  the  pumping  figures  that  could  have  been  done  were 
the  figures  obtained  for  the  driest  period  of  the  year.  The 
fact  has.  however,  been  established  that  the  perimeter 
of  sand  Influencing  the  gallery,  when  the  radius  of  inflow 
Is  500  ft.  was  500  X  2  X  3.142  -f  2  X  36.5.=  3.215  ft.;  and  tak- 
ing the  average  depth  from  the  surface  of  the  water  to 
the  floor  of  the  gallery  as  5  ft.  that  the  area  of  sand  through 
which  infiltration  took  place  was  3,215  X  5  =^  Ifi.OTS  sq.  ft. 
.As  the  average  discharge  of  water  for  the  last  three  days 
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of  the  test  was  458,000  gal.  per  day  we  have  16,075  sq.  ft. 
of  vertical  sand  surface  discharging  458,000  gal.  of  water 
per  day;  that  is.  a  discharge  of  458,000-^-16.075  =  28.5  gal. 
per  square  foot  per  day.  In  order  to  double  the  discharge 
we  should  have  to  double  the  vertical  surface  area  of  the 
sand  through  which  the  water  filters,  and  this  can  be  done 
only  by  lengthening  the  gallery.  The  perimeter  which  be- 
fore was  3,215  ft.  must  now  be  6,430  ft.,  consequently  the 
length  of  gallery  must  be  increased  from  36.5  ft.  to  1,644 
ft.,  but  here  two  practical  considerations  come  in.  First, 
we  must  reject  the  wholesale  face  of  the  gallery  as  not 
really  to  be  depended  on  for  contributing  to  the  inflow: 
and,  second,  we  have  to  consider  not  the  depth  of  water 
,  in  the  gallery  at  the  time  of  the  experiment,  but  the  dry 
season  depth,  which  Mr.  Temple  takes  to  be  2.8  ft.  This 
'after  consideration  alone  will  reduce  the  discharge  in  the 
ratio  of  1  to  0.53,  and  hence  the  yield  becomes  only  242,740 
.aal.  per  day.  or  15.2  gal.  per  sq.  ft.  per  day. 

The  population  of  Puri  is  about  40,000,  which  at  mela 
times  may  be  augmented  to  150,000.  An  allowance  of  20 
sal.  per  head  ought  to  be  allowed  for  requiring  800,000  gal., 
or  roundly  1,000,000  gal.  per  day  to  be  pumped  in  16  hours: 
at  mela  times,  by  pumping  for  24  hours,  perhaps  1,500.000 
j,al.  daily  could  be  obtained.  Mr.  Temple  thinks  10  a  safer 
figure  than  15.2  on  a  consideration  of  the  extremely  slow 
movement  towards  the  sea  of  the  table  of  sub-soil  water 
v.-hich  is  probably  only  about  1%  ft.  a  day.  For  1.000.000 
gal.  therefore  the  area  necessary  is  100,000  sq.  ft.  the  peri- 
meter of  this  area  would  be  33,333  ft.  and  the  straight 
length  of  28,306  ft.  or  about  5  miles.  The  sandy  stretch 
extends  for  10  miles  or  more  and  is  an  open  site  about  a 
mile  wide,  so  that  there  is  every  probability  of  the  supply 
being  sufficient  at  all  times.  An  analyzed  sample  of  the 
water  did  not  prove  to  be  quite  as  favorable  as  was  ex- 
pected, hut  there  is  little  doubt  that  if  the  area  be  taken 
over  it  can  be  kept  free  from  pollution. 


Shaft  Sinking  by  Freezing  Process 

The  freezing  process  was  successfully  employed  in  sink- 
ing two  shafts  through  water  bearing  ground  at  the  Llay 
Hall  Colliery,  Wrexham,  England.  The  method  employed 
w'as  described  in  The  Engineer.  Two  foreshafts  were 
sunk  12  ft.  deep  and  31  ft.  in  diameter  and  lined  with 
brickwork.  Concrete  was  placed  on  the  bottom  after  in- 
serting straight  vertical  guide  tubes  for  25  bore  holes  dis- 
tributed around  a  circle  26%  ft.  in  diameter.  In  the  upper 
strata  the  holes  for  the  freezing  tubes  were  bored  by  the 
rope  method,  but  in  the  lower  and  harder  ground  per- 
cussion apparatus  operated  by  a  steam  cylinder  was  used. 
The  cold  necessary  for  freezing  the  water-bearing  ground 
was  applied  by  two  distinct  groups  of  machines.  The  pipes 
and  valves  were  arranged  so  that  either  group  of  machines 
could  operate  on  either  shaft  or -on  both  simultaneously. 
Each  included  a  belt-driven  ammonia  compressor  with  an 
independent  horizontal  steam  engine  having  cylinders  16% 
in  in  diameter  and  30-in.  stroke.  A  solution  of  calcium 
chloride  was  used  as  the  freezing  liquid  and  was  caused  to 
circulate  between  the  refrigerators  and  the  freezing  tubes 
by  means  of  two  plunger  pumps.  The  brine  pipe  between 
plant  and  shaft  was  insulated  with  hair  felt.  The  ground 
was  frozen  to  a  depth  of  231  ft.  in  the  first  and  235  ft.  in  the 
second  shaft.  The  diameter  of  the  pit  shafts  after  lining 
is  IS  ft. 


Use  of  Refuse  Destructor  Clinker  in  Road  Work. — At  a 
meeting  of  the  Institution  of  Municipal  and  County  Engi- 
neers last  June  several  surveyors  reported  that  they  had 
obtained  good  results  in  the  use  of  tarred  clinker  for  street 
and  road  work.  Mr.  G.  Green.  M.I.C.E.,  of  Wolverhampton, 
stated  he  had  used  it  under  very  trying  conditions  in  that 
borough.  It  was  first  tried  for  a  short  and  narrow  road- 
way, where  the  wear  and  tear  on  the  waterbound  macadam 
previously  adopted  had  been  excessive.  The  carriage  way 
here  is  20  ft.  wide  and  the  clinker  Mexphalte  was  deposited 
in  two  layers.  The  under  layer  was  3  in.  thick  and  the  top 
coat  or  carpet  1  in.  thick.  The  cost  was  8s.  7d.  ($2.06)  per 
square  yard,  and  the  work  has,  it  was  stated,  proved  very 
successful. 
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Method  of  Steel  Ship  Construction 
at  Greenock  Yards 

From    Engineering. 

A  considerable  time  ago  the  Greenock  &  Grangemouth 
Co  .  Ltd.,  introduced  into  its  works  a  system  of  preparing 
material  direct  from  the  De  Bergue  multiple  punch. 

In  the  yard  at  Greenock,  75  per  cent  of  the  outside  plates 
of  the  ship  are  prepared  and  punched  without  any  templat- 
ing.  If  these  plates  could  be  obtained  the  proper  width 
from  the  steel  works,  no  handling  would  be  required  by 
skilled  workmen,  except  when  the  plates  were  being 
screwed  up  in  place.  Even  this  work  could  be  done  under 
the  supervision  of  one  experienced  man. 

The  procedure  is  as  follows:  Plates  are  brought  into  the 
yard  from  the  railv/ay,  rolled  through  the  straightening  ma- 
chines and  put  in  piles  until  they  are  required.  The  plates 
are  then  taken  in  rotation  to  the  machine,  marked  with  a 
batten  the  length  of  the  plates  and  spacings  of  frames.  This 
is  all  done  off  an  ordinary  expansion  plan  of  plating.  The 
punches  are  set  in  the  machine  to  suit  the  right  spacing  of 
the  holes  required  for  the  particular  part  of  the  ship.  The 
question  of  the  spacing  of  the  rivet  holes  to  suit  the  ma- 
chine has  been  raised  with  the  classification  societies,  and 
permission  was  given  to  make  the  alterations  necessary  to 
suit  either  longitudinal  or  ordinary  transverse  w'ork.  The 
changing  of  punches  is  therefore  reduced  to  a  minimum. 

Tlie  firm  orders  as  many  plates  of  the  one  length  and 
breadth  as  possible,  so  that  time  is  saved  when  punching 
is  commenced.  All  the  parallel  plates  can  he  done  at  one 
shift.  They  are  then  lifted  from  the  multiple  punch  by  an 
hydraulic  crane  and  landed  at  the  scarphing  machine.  From 
thence  they  are  removed  to  the  vertical  machine  by  the 
same  crane.  They  are  then  countersunk  and  lifted  by  a 
crane  to  the  planing  machine.  As  they  are  all  straightened, 
there  is  nothing  to  do  but  to  take  the  plates  direct  to  the 
building  berth.  The  bottom  shell  plates  are  erected  before 
there  are  any  frames  or  floors  put  up.  It  is  found  more 
economical  to  put  the  shell  plates  up  in  place  before  any 
floors  or  frame  shell  longitudinals  are  erected.  The  floor 
plates  and  longitudinals  are  then  lifted  up  and  bolted  to  the 
shell  plates.  The  bilge  plates  are  punched  from  the  mul- 
tiple punch,  set  to  the  curve  and  erected  immediately  the 
floor  plates  are  put  up  in  place,  thus  completing  all  the 
bottom  plating  to  the  upper  turn  of  the  bilge  before  any 
of  the  frame  legs  are  erected. 

The  tank  top  plates  are  punched  immediately  the  bot- 
tom shell  plates  are  finished,  so  that  when  the  floors  and 
longitudinals  are  fixed  in  place  to  the  shell,  the  tank  top 
plates  are  immediately  put  up  and  everything  fixed  in  place. 
The  bottom  of  the  ship  and  tank  top  are  thus  plated  in  a 
very  short  time.  Here,  again,  little  or  no  templating  or 
mould  making  is  required.  The  tank  top  plates  and  side 
shell  plates  are  finished  so  far  as  the  automatic  machine 
is  concerned.  Punching  of  the  decks  is  commenced  im- 
mediately, and  they  are  prepared  for  erection  as  soon  as  the 
beams  are  put  up.  No  ribbanding  is  necessary  for  the  fram- 
ing, shell  or  deck  plates,  the  stringer  plates  bringing  every- 
thing fair.  All  the  plates  are  run  parallel  to  the  center  line 
and  the  edges  of  the  plates  up  the  side  are  treated  as 
waterlines.  There  is  a  curve  on  the  edge  of  plates  at  the 
end  of  the  vessel  only,  so  that  by  the  adoption  of  this 
method  the  greater  number  of  plates  are  punched  by  the 
machine.  The  firm  has  framed  and  fitted  the  side  plating 
for  260  ft.  of  a  420-ft.  vessel  up  to  the  sheer  strake  within 
eight  days.  They  commence  framing  the  vessel  amidships 
so  that  all  the  frames  and  midship  shell  plates  are  erected 
simultaneously  and  the  center  part  of  the  vessel  is  prac- 
tically completed  while  the  frame  setters  are  setting  the 
end  frames  of  the  ship,  thus  saving  considerable  time  in 
construction,  and  shortening  the  time  the  vessel  is  on  the 
building  berth.  On  this  system,  with  the  aid  of  pneumatic 
riveting — of  which  they  have  a  large  installation  at 
Greenock — ships  can  be  built  quickly,  especially  if  there 
were  freedom  of  labor  as  in  America.  Men  can  easily  put 
in  with  pneumatic  riveting  600  to  700  shell  rivets  per  day: 
but  the  number  has  been  reduced  to  that  which  can  be 
put  in  by  hand.  This  is  an  example  of  restriction  of  out- 
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put.  The  Greenock  UranKenioutli  Co.  has  proved  that  by 
the  adoption  of  their  system  sliips  ran  be  erected  in  two 
to  three  months  less  than  the  lime  taken  to  lonstruft 
vessels  on  the  ordinary  system. 


Structural  Engineering 

l''l>..;u     ..II     ..llUir...!     Ill      i:ii^.l...'liliK. 

It  is  not  many  years  since  that  an  eminent  American 
bridge  engineer  denounced  the  plate  girder  as  the  most 
tinscientiflc  of  all  bridge  structures,  whilst  another  applied 
the  same  opprobious  epithet  to  the  Forth  Bridge  on  Its 
completion.  In  both  cases  the  underlying  assumption  made 
was  that  to  estimate  the  safety  of  a  structure  it  was  neces- 
sary to  be  in  a  position  to  evaluate  with  accuracy  the 
maximum  stress  carried  at  any  point.  In  a  very  Interesting 
and  suggestive  paper  recently  published  in  the  Revue 
Generale  des  Sciences.  M.  Charles  Rabut,  formerly  engenieur 
de  la  construction  au  Chemin  de  fer  de  I'Ouest.  seems  to 
accept  this  contention  as  correct,  but  maintains  most 
strenuously  that  the  usual  methods  adopted  for  determin- 
ing such  stresses  are  invariably  grossly  in  error.  The  as- 
sumptions necessary  to  make  feasible  the  computation  of 
stresses  in  complicated  structures,  are,  he  observes,  far 
from  being  satisfied  in  practice.  On  this  point  M.  Rabut  is 
able  to  speak  with  indisputable  authority.  Over  a  period 
of  many  years  he  made  innumerable  measurements  of  the 
actual  stresses  attained  in  different  bridges  belonging  to 
the  Western  of  France  Railway,  and  compared  his  observa- 
tions with  the  values  of  the  stresses  as  computed  on  the 
ordinary  assumptions.  He  found  that  in  web  members  the 
measured  stress  had  often  three  times  the  computed  value, 
and  it  was  seldom  less  than  twice  as  great.  On  the  other 
hand,  he  found  the  stresses  on  the  flanges  and  chords  of 
main  trusses  were  often  markedly  less  than  the  computed 
values,  and  it  was  thus  possible  to  maintain  in  service  a 
number  of  bridges  which  the  average  computer  would  have 
condemned  as  greatly  over-strained.  In  fact,  Hennibique's 
principle  that  every  part  of  a  bridge  forms  in  actual  fact 
part  of  the  main  truss,  is  as  applicable  to  ordinary  steel 
structures  as  to  the  ferroconcrete  monoliths  for  which  It 
was  devised.  Thus  the  floor  of  a  bridge  commonly  adds 
considerably  to  the  flange  strength  of  the  trusses.  For 
example,  when  it  was  proposed  to  lengthen  the  bridge 
which  carries  the  Rue  Legendre  over  the  tracks  of  the 
Western  railway  in  Paris,  a  measurement  of  the  stresses  on 
the  bridge  showed  that  this  effect  of  the  roadway  had  most 
materially  reduced  the  flange  stresses  below  their  cal- 
culated values.  .M.  Rabut  was  able  accordingly  to  lengthen 
the  original  girders  by  no  less  than  8  m.,  increasing  the 
span  from  40  to  4S  metres,  without  having  either  to  recon- 
struct them  or  to  strengthen  them. 

American  bridge  engineers  have  also  recognised  this 
effect  of  the  floor,  but  in  place  of  utilising  it  in  order  to 
increase  the  factor  of  safety  of  the  structure,  they.  In 
several  cases  in  the  past,  adopted  the  extraordinary  ex- 
pedient of  cutting  the  floor  up  into  a  series  of  independent 
lengths  in  order  to  eliminate  any  reinforcing  effect  It  might 
have  on  the  effective  strength  of  the  trusses.  In  this  way  a 
closer  relationship  between  the  actual  and  the  computed 
stresses  was  retained  (a  consummation  much  desired  by 
the  older  school  of  American  bridge  designers),  but  at  a 
considerable.  If  not  easily  evaluated,  reduction  in  the  real 
factor  of  safety.  In  some  more  recent  large  bridges  such 
as  that  over  the  Ohio  River  at  Sciotoville,  however,  the 
more  scientific  plan  of  making  the  fioor  continuous  has  been 
followed. 

As  already  observed,  M.  Rabut  appears  to  accept  the 
view  that  the  maximum  stress  on  a  structure  is  the  measure 
of  its  effective  strength.  He  merely  differs  from  German 
engineers  and  the  older  school  of  American  bridge  engi- 
neers in  maintaining  that  these  stresses  should  be  measured 
rather  than  computed.  Undoubtedly  this  policy  is  an  im- 
provement  on    its   rival,   but    it   is   at   the   same   time   quite 


certain  that  the  maximum  stress,  even  if  experimentally 
determined,  is  by  no  means  necessarily  a  measure  of  the 
safety  of  a  structure.  It  is  quite  easy  to  devise  a  structure 
in  which  the  maximum  stress  is  double  that  in  an  alter- 
native design,  and  yet,  although  the  materials  used  are  of 
the  same  kind  and  quality]  the  factor  of  safety  may  be  two 
or  three  times  as  great  as  that  of  the  structure  with  the 
lower  stress. 

M.  Rabut,  In  view  of  his  observat'.ons  on  the  actual 
stresses  in  the  web  members  of  a  truss,  advocates  the 
complete  abandonment  of  the  ordinary  type  of  triangulated 
trass  in  favour  of  the  Vlerendeel  system,  in  which  actual 
experiment  has  shown  a  much  closer  accord  between  the 
calculated  and  the  actual  stresses  than  is  found  to  exist  in 
the  usual  types  of  triangulated  trusses.  Any  expression  of 
opinion  by  M.  Rabut  is  entitled  to  very  serious  considera- 
tion, as  not  only  does  he  stand  pre-eminent  amongst  those 
who  have  made  a  study  of  the  actual  stresses  in  steel 
structures,  but  he  has  also  been  the  responsible  designer 
of  a  number  of  important  bridges,  some  of  which  have  been 
at  once  remarkably  bold  and  perfectly  successful.  Never- 
theless, his  verdict  in  favour  of  the  Vlerendeel  type  seems 
open  to  criticism.  The  fact  that  calculation  and  obsena- 
tion  agree  seems  no  means  conclusive  as  to  the  superiority 
of  the  Vlerendeel  system.  In  fact,  as  James  Thomson 
pointed  out  seventy  years  ago.*  it  Is  in  many  cases  not  the 
maximum  stress  on  a  structure,  but  the  range  of  stress 
which  constitutes  the  measure  of  its  safety.  This  range  of 
stress  is  proportional  to  the  live  load,  and  is  generally  in- 
dependent of  such  internal  stresses  as  may  arise  from  the 
fact  that  joints  are  rigid  and  not  flexible  as  assumed  for 
the  purposes  of  calculation.  It  is  perhaps  questionable 
whether  any  structure  has  ever  failed  because  a  com- 
pression member  (in  place  of  being  free  at  the  ends,  as 
assumed  for  the  purpose  of  calculation)  was  actually  firmly 
fixed  at  its  end  to  adjoining  members.  In  fact,  in  most 
cases  this  fixation  in  place  of  reducing  the  ultimate  resis- 
tance of  a  strut  (owing  to  the  bending  moments  developed! 
will  actually  increase  it.  It  is  thus,  to  say  the  least,  doubt- 
ful, if  in  actual  practice  a  Vlerendeel  truss  will  show  as 
high  a  service  strength  as  a  well-designed  triangulated 
truss  of  equal  weight.  A  secondary  stress,  it  should  be 
observed,  is  one  which  is  capable  of  relieving  itself  by  a 
local  permanent  yield  of  the  material.  Such  a  yield  will 
not  generally  compromise  in  any  way  the  safety  of  the 
structure  as  a  whole,  at  any  rate,  so  long  as  the  stress  is 
not  alternating  in  character.  Even  in  this  latter  case, 
moreover,  though  a  local  crack  may  develop  and  give 
trouble,  it  will  seldom  involve  any  immediate  danger  to 
the  stability  of  the  structure  as  a  whole. 

M.  Rabut  criticises  as  irrational  the  practice  of  the 
Government  departments  of  all  countries  in  specifying  the 
safe  loading  for  structures,  not  on  the  basis  of  the  actual 
stresses,  but  on  the  stresses  as  calculated  in  the  conven- 
tional way  on  premises  which  are  in  many  cases  demon- 
strably wrong.  Possibly,  however,  this  practice  is  more 
defensible  than  would  appear  from  this  presentation  of  the 
facts.  Very  few  experiments,  for  example,  have  been  made 
on  tlyj  actual  stresses  in  ship  structures,  yet  ships. of  new- 
types  and  sizes  have  been  satisfactorily  proportioned  by 
just  such  a  process  as  M,  Rabut  condemns.  A  ship  is  taken 
which  has  proved  satisfactory  in  service.  It  is  assumed  to 
rest  on  the  crest  of  a  wave  of  a  length  equal  to  that  of 
the  ship  and  the  stresses  on  the  structure  calculated  on 
this  basis.  The  new  ship  is  then  proportioned  to  have  no 
higher  stresses  when  exposed  to  a  precisely  similar  arblt 
rar>-  loading.  No  doubt  as  time  goes  on  some  accurate  d.nta 
.'IS  to  actual  stresses  in  service  at  sea  will  be  accumulated, 
but  even  such  knowledge  obtained  by  "ausculting"  ships 
as  M.  Rabut  has  ausculted  bridges  will  hardly  make  It 
possible  to  avoid  the  use  of  an  arbitrary  conventional  load 
in  estimating  the  scantlings  for  a  new  type.  The  case  of 
a  motor-car  axle  is  still  more  difficult.  Should  official  rules 
ever  be  promulgated  for  these,  they  must  necessarily  be 
arbitrary  in  character  as  no  one  knows,  and  it  seems  hardly 
practicable  to  determine,  what  the  actual  stresses  are  In 
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such  axles  when  a  car  is  driven  at  high  speed  over  a  rough 
road.  All  that  it  is  practicable  to  do  is  to  calculate  on 
certain  arbitrary  and  necessarily  inaccurate  assumptions 
the  stresses  on  an  axle  which  has  proved  adequate  in  serv- 
ice, and  then  to  proportion  other  axles  to  have  no  greater 
stress,  as  calculated  on  the  same  conventional  and  inac- 
curate bases.  Hence  the  official  rules  and  regulations  for 
bridges  may  be  quite  defensible  if  considered  simply  as  a 
means  for  tke  comparison  of  a  proposed  new  structure  with 
others  which  have  given  good  service  in  the  past.  Of 
course,  the  objection  does  lie  that  the  new  structures  may 
depart  widely  in  details  from  those  with  which  the  com- 
parison is  thus  made,  and  to  this  extent  the  procedure  is 
certainly   defective. 

In  this  connection  M.  Rabut  states  that  a  very  important 
step  forward  has  been  made  by  the  French  Ministry  of 
Public  Works.  Whilst  the  existing  regulations  as  to  cal- 
culated stresses  are  not  abrogated,  the  department  an- 
nounced in  1916  that  these  rules  would  not  be  enforced  in 
cases  where  bridge  engineers  were  able  to  justify  their 
designs  by  direct  experiment.  This  is  a  very  bold  step  for 
a  beaurocracy  to  take,  and  it  is  to  be  hoped  that  the  usual 
desire  in  all  countries  of  Government  officials  to  evade 
responsibility  will  not  soon  render  the  concession  a  dead 
letter.  This  would  certainly  oe  its  fate  in  this  country, 
if  we  may  judge  from  the  record  of  the  Board  of  Trade  In 
regard  to  the  provision  of  life-saving  appliances  at  sea. 
When  certain  regulations  were  first  published  it  was  an- 
nounced that  where  the  shipowner  made  special  provisions 
of  another  kind,  certain  of  the  specified  requirements  might 
be  relaxed.  It  was  given  in  evidence  before  the  Titanic 
inquiry  comnns.5ion  that  the  department  had  never  once 
allowed  a  shipbuilder  to  take  advantage  of  this  clause, 
however  much  he  might  have  added  to  the  safety  of  crew 
and  passengers  by  exceeding  the  Board's  requirements  in 
other  directions. 

M.  Rabut  anticipates  a  vast  extension  in  the  employment 
of  reinforced  concrete.  In  fact,  he  maintains  that  for 
bridges  of  spans  less  than  that  for  which  the  suspension 
bridge  becomes  advisable  the  concrete  bridge  will  super- 
sede steel,  and  even  in  tlie  case  of  suspension  bridges  ferro- 
concrete may.  he  suggests,  he  used  for  the  roadway  and 
stitiening  girders.  Already  one  concrete  bridge  has  been 
built  in  PYance,  with  a  radius  for  the  arch  of  130  m.  (426 
ft),  the  span  being  96  m.  (315  ft.).  In  this  case  the  effect 
of  the  sprandrels  in  adding  to  the  strength  of  the  arch  was 
taken  into  account,  the  results  of  the  troublesome  and 
tedious  calculations  being  checked  by  studying  a  glass 
model  of  the  structure  by  means  of  polarised  light,  a 
method  of  stress  determination  first  suggested  by  Sir  David 
Brewster.  This  method,  it  is  interesting  to  note,  is  now 
being  somewhat  extensively  employed  in  this  country  for 
evaluating  the  stresses  in  certain  complicated  structures. 
One  objection  to  the  rigid  arch  is,  of  course,  the  trouble- 
some character  of  the  calculations  if  made  in  the  ordinary 
way.  One  method  of  diminishing  this  trouble  is  to  fix 
definitely  the  value  and  position  of  the  thrust  at  the  crown 
by  means  of  jacks.  In  this  way  the  thrust  can  be  regulated 
to  as  to  adjust  the  stresses  exactly  as  desired.  Thi^  plan 
has,  M.  Rabut  states,  been  adopted  in  France  by  Freyssinet. 
and  it  has  also,  we  may  add,  been  used  in  Canada. 

In  this  connection  we  may  perhaps  call  attention  to  an 
important  paper  by  Mr.  J.  A.  L.  Waddell,  published  in  the 
March  issue  of  the  Journal  of  the  American  Society  of 
Civil  Engineers.  In  this  paper  Mr.  Waddell  gives  the 
results  of  an  exhaustive  and  most  laborious  inquiry  into 
the  economics  of  steel  arch  bridges,  comparing  the  relative 
weights  of  arches  with  three  hinges,  with  two  hinges  and 
with  no  hinges,  for  spans  ranging  from  100  ft.  up  to  2,500 
ft.  On  the  assumptions  made  he  finds  that  the  three-hinged 
arch  is  a  little  heavier  than  the  two-hinged,  but  is  nearly 
always  lighter  than  the  hingeless  type.  No  doubt  this 
result  is  correct  on  the  assumptions  made,  but  it  is  quite 
probable  that  in  actual  fact  the  superiority  really  lies  with 
the  rigid  structure  since,  as  we  have  already  observed, 
stress  is  not  always  a  certain  criterion  of  strength.  The 
less  statically  determinate  the  structure  the  less  conclusive 
is  the  stress  criterion  as  a  measure  of  its  safety. 
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Method  of  Felling  a  1 30  Ft.  Factory 
Chimney 

From    Royal   Engineers'    Journal. 

A  factory  chimney  was  very  badly  cracked  on  all  sides 
and  for  all  the  upper  portion  oi  its  height.  Some  of  the 
cracks  had  been  filled  fairly  recently  with  cement  mortar, 
and  in  all  such  cases  the  bricks  had  still  further  opened 
showing  that  the  decay  which  had  set  in,  had  not  been  ar- 
rested. The  traffic  in  the  neighborhood  had  Increased; 
heavy  motor  lorries  on  the  adjacent  road,  and  a  new  broad 
gauge  railway  passing  the  entrance  to  the  yard  set  up 
considerable  vibrations  and  earth  tremors;  it  was  con- 
..>f^.';^*i.  sequently  considered  advisable 

to  fell  the  chimney  and  so  ob- 
viate any  chance  of  it  coming 
down   unexpectedly. 

The  only  clear  ground  on  to 
which  the  chimney  could  he 
felled  was  in  the  direction  of 
the  entrance  to  the  yards,  and 
even  on  this  line  there  was  not 
sufficient  length  to  throw  the 
whole  height  of  the  stack  in 
one  operation;  the  yard  en- 
trance had  buildings  on  either 
side  and  the  clear  gap  between 
these  buildings  was  oiily  about 
35  ft.  It  was  consequently  de- 
cided to  fell  the  top  66  ft.  6  in. 
as  a  first  measure,  and  the 
chimney — the  total  height  of 
which  was  130  ft.  6  in. — was 
prepared  for  demolition  as 
shown  on  the  attached  sketch. 
Foot  irons  were  in  existence 
on  the  inside  of  the  chimney, 
and  a  stage  was  fixed  inside 
just  below  the  point  marked 
"A-A,"  three  holes  about  15  in. 
high  were  cut  in  the  wall  on 
the  side  on  whicli  it  was  in- 
oftended  to  throw  the  chimney, 
and  openings  also  about  15  in. 
high  were  made  on  each  adjacent  side  wall.  The  four 
brick  pillars  (the  corner  pillars  each  18  in.  square  and  the 
two  intermediate  pillars  15  in.  x  IS  in.)  left  by  this  oper- 
ation, were  calculated  to  carry  half  the  brickwork  above 
them  with  a  factor  of  safety  of  four,  the  other  half  being 
carried  on  the  back  wall  and  the  remainding  portions  of 
the  side  walls. 

The  charges  were  guncotton.  and  were  calculated  at  half 
the  amount  laid  down  in  the  Field  Service  Pocket  Book,  it 
being  considered  sufficient  to  make  the  brick  pillars  fall 
and  crumble  and  not  necessary  to  blow  them  completely 
out.  A  heavy  explosion  might  have  caused  the  chimney  to 
collapse  in  its  vertical  position,  and  for  this  reason  the 
charges  were  placed  outside  the  chimney  thus  avoiding 
any  of  the  gases  produced  by  the  explosion  causing  undue 
pressure  inside  the  shaft. 

In  order  to  lay  the  charges  in  the  position  shown  B,  B, 
C  and  C,  a  light  platform  was  fixed  outside  the  chimney  on 
cantilever  bulks  pushed  through  the  holes  which  hatj  already 
been  made,  and  the  officer  laying  the  charges  crawling  out 
through  one  of  these  holes.  Just  before  the  charges  were 
fired  the  openings  in  the  side  walls  were  continued  towards 
the  back  wall  until  each  extended  to  a  point  3  in.  over  the 
center  line  of  the  chimney;  this  was  done  to  ensure  the 
stack  falling  as  soon  as  the  pillars  in  the  front  wall  failed. 
The  charges  were  fired  electrically,  the  leads  being  carried 
to  an  exploder  some  100  yards  to  the  flank. 

Immediately  after  the  explosion  occurred  the  chimney 
started  to  lean  over  in  the  required  direction,  and  it  was 
not  until  it  had  gone  over  about  20°  that  a  large  piece  slid 
off  the  back  wall,  and  smashed  in  one  side  of  the  issue 
room  roof — this  was  expected.  The  chimney  fell  in  the 
space  between  two  buildings  and   except  tor  a  hole  about 


Sketch      Showing      Location 
of   Charge. 
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^   ft.  sq.  in   tho  weather-boarded   wall  of  one  of  them   no 
damage  was  done. 


Sewage  Disposal  of  London  by 
Sludge  Ships 


luiKi'    nr    Lonilon."     li.v    Mr.    George 


From    a    paper.     "Main     Ii „.  ..^ „,.        ...      ...      ^„„. 

William    Humphreys    in    Minut.-.-.-l'roc.-.-.im(i.-i   of"  Insll'tutlon 
of  Civil  Kn(;lnei-r.s.  Vol.  i.'CIV. 


.-Specially  designed  .ohips  have  been  employed  since  1887 
lor  conveying  sludge  from  the  sewage  works  of  London 
and  disposing  of  it  at  sea.  The  first  of  these  vessels  was 
placed  in  service  in  1SS7.  tho  second  in  1S89,  three  more 
in  1S92  and  the  sixth  in  1S95.  The  sludge  is  precipitated  at 
works  at  Crossness  and  Barking.  The  contract  was  let 
ip  1!»S7  for  the  construction  of  about  8-%  acres  of  precipi- 
tation tanks  at  Barking.  Simultaneously,  at  Crossness, 
works  were  undertaken  whereby  the  old  reservoirs  were 
.converted  into  tanks,  and  additional  reservoirs  were  built, 
affording  a  combined  area  of  about  9»/4  acres  of  precipi- 
tation tanks.  The  various  accessory  works — sludge  chan- 
nels, pumps,  machinery  for  treating  and  mixing  chemicals, 
and  quarters  for  the  staff  of  workmen  to  be  employed — 
were  executed  at  the  same  time.  On  the  advice  of  Mr.  W. 
J.  Dibdin.  the  chemist  of  the  Metropolitan  Board  of  Works, 
lime  and  proto-sulphate  of  iron  in  the  proportion  of  about 
■»  grains  and  1  grain  respectively  to  1  gal.  of  sewage  were 
the  chemicals  chosrn.  Partial  precipitation  commenced  in 
1S90  and  precipitation  of  all  the  sewages  was  obtained  in 
1892.  The  works  were  designed  to  work  on  the  intermit- 
tent system,  but  in  1S91.  by  the  simple  addition  of  weir 
\.alls  in  the  tanks,  continuous  precipitate  was  effected,  by 
which  the  quantity  of  sludge  was  immediately  increased 
nearly  threefold. 

AH  the  sludge-vessels  constructed  and  put  into  use  over 
the  period  1887  to  1895  are  running  constantly  on  the  serv- 
ice at  the  present  day.  The  machinery  of  the  oldest  is  in 
need  of  renewal:  but  for  the  war  this  would  have  been  un- 
dertaken, when  a  further  long  period  of  usefulness  would 
be  before  it.  The  discharging  ground  was  originally  the 
Barrow  Deep  in  the  Thames  Estuary.  In  1906  this  was  al- 
tered to  the  Black  Deep,  where  there  are  soundings  of  10 
fathoms,  and  over  at  L.W.O.S.T.  The  distance  from  the 
Barking  Sewage  Works  is  52 Vi  nautical  miles  to  the  ex- 
treme limit,  and  the  sludge  is  discharged  while  steaming 
over  an  area  about  4V2  miles  long  and  2i/4  miles  broad. 
The  run  from  the  outfalls  to  the  discharging  ground  and 
back  fakes  about  10  hours.  The  ships  leave  on  the  top 
of  the  Hood-tide,  having  thus  the  advantage  of  the  ebbing 
tide  under  them  and  the  incoming  flood  on  the  return 
journey,  the  discharge  being  usually  accomplished  about 
1  hour  before  low  water.  By  these  means  20  or  21  trips 
are  usually  made  by  each  vessel  each  fortnight  when  run- 
ning. The  cargo  carried  is  1,000  tons,  containing  an  aver 
age  of  92  per  cent  of  water.  During  the  10  years  ending 
March  31.  1914.  the  cost  of  working  alone  averaged  3.8d. 
(7.6  ct.),  or  including  capital  charges  4.4d.  (8.8  ct.)  per  ton 
during  this  period.  The  capital  charges  on  the  existing 
vessels  are  nearly  extinguished,  their  cost  being  amortized 
in  25  years.  Certainly  by  no  other  means  could  a  less 
costly  method  of  handling  a  ton. of  liquid  sludge,  with  such 
complete  immunity  from  prejudicial  results,  be  attained. 
The  cost  of  precipitation  or  treatment,  excluding  capital 
charges,  over  the  luyear  period  ending  March  31.  1914,  has 
varied  between  CI  6s.  7d.  and  £1  Os.  2d.  per  1.000,000  gal. 
of  sewage,  the  average  being  £1  3s.  4d.  ($5.66)  per  1,000,- 
fiOO  gal.,  capital  charges  included. 


First  Concrete  Vessel  Built  in  China.— The  small  rein- 
forced concrete  vessel  Concrete,  the  first  ship  of  its  kind 
built  in  China,  made  its  trial  trip  Aug.  22.  The  boat  has 
two  4cylinder,  4-cycle  motors  of  30  HP.  each,  and  accord- 
ing to  Shipping  and  Kngineering  made  a  speed  of  about  8 
knots  and  went  through  the  water  with  a  clean  entrance 
and  a  total  absence  of  vibration,  the  engines  working  at  500 
revolutions  per  minute.  There  was  no  sign  of  weeping  in- 
side the  hull,  the  timbers  being  as  drj'  and  dusty  as  If  the 
vessel  had  not  left  the  stocks. 
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The  Work  of  Women  in  Engin- 
eering Factories 

From   an   address   l..v    1!,,,    11     .\l..r>;.in.    ..|    Ixjndon.   before   the 
Institulion    or    .\Kctwini<  al    Knsineers. 

There  is  no  doubt  that  war  experience  with  women  in 
industrial  works  has  entirely  destroyed  all  preconceived 
ideas  as  to  what  constituted  "skilled  work."  Previous  to 
the  outbreak  of  war  fully  skilled  men  were  regularly  em- 
ployed on  work  which  can  now  be  performed  by  women 
after  a  few  weeks'  training.  It  is  not  that  the  woman  Is 
a  skilled  worker,  but  has  been  put  to  a  job  which  is  a  sub- 
division of  skilled  work  on  which  a  fully  skilled  man  was 
previously  employed. 

The  assumption  that  is  so  often  made  that  women  be- 
come fully  skilled  workers  in  a  few  weeks  is  quite  a  false 
one.  We  can  speed  up  the  training  of  engineers  by  better 
leaching  and  apprenticing,  but  in  the  author's  opinion, 
neither  a  man  nor  a  woman  can  become  a  fully  skilled 
fitter  or  turner  under  a  period  of,  say,  four  years.  On 
the  other  hand,  war  conditions  have  enabled  women  to 
acquire  a  measure  of  skill  in  a  far  quicker  time  than  men 
have  ever  previously  acquired  it.  This  is  partly  due  to  the 
patriotic  desire  of  the  women  to  assist  in  the  war.  and 
principally  to  intensive  shop  teaching  under  manufactur- 
ing conditions  as  opposed  to  go-as-you-please  academic 
training  and  drifting  through  works  under  pre-war  appren- 
ticeship conditions. 

Women  have  generally  been  found  to  be  accurate  and 
conscientious  workers.  They  acquire  a  high  degree  of 
accuracy  quicker  than  men  through  possessing  a  finer  sense 
of  touch.  It  has  also  been  demonstrated  that  women  are 
highly  responsible  workers;  i.  e.,  that  they  can  carry  out 
with  confidence  finishing  processes  on  large  and  costly 
work,  and  can  manipulate  high  speed  and  heavy  machinery 
in  the  operation  of  which  there  is  a  certain  measure  of 
risk,  such  as  driving  large  cranes.  Women  are  specially 
suitable  for  such  skilled  and  semi-skilled  occupations  as 
tracing,  drafting,  marking  off  the  lighter  work  of  all  kinds 
and  acetylene  welding,  while  they  are  capable  of  acquiring 
a  high  degree  of  skill  on  subdivisions  of  accurate  tool- 
room work  in  turning,  milling,  grinding  and  fitting  opera- 
tions. 

Generally  speaking,  women  may  be  said  to  have  excelled 
in  machining  work  rather  than  in  fitting  work.  It  is  a  pe- 
culiar fact  that  while  women  do  not  easily  tire  of  machin- 
ing operations  with  consistent  repetition,  they  do  stale 
on  repetition  fitting  work,  and  quite  a  large  proportion  of 
them  do  not  find  the  work  sufTicently  interesting  to  induce 
them  to  complete  their  initial  training. 

With  regard  to  the  employment  of  women  on  heavy  man- 
ufacturing work  there  is  a  great  deal  of  misapprehension. 
It  is  not  generally  understood  that  women  can  safely  han- 
dle, in  the  course  of  machining  and  fitting  operations, 
pieces  weighing  up  to  CO  lb.  and  can  also  manipulate  al- 
most as  well  as  men,  with  the  aid  of  lifting  appliances,  any 
weights  over  80  lb.  It  is  on  work  weighing  between  60 
and  SO  lb.  where  it  becomes  questionable  whether  women 
can  be  properly  and  economically  employed.  There  is  the 
tost  of  special  lifting  tackle  and  handling  devices  neces- 
sary for  women  that  may  be  obviated  in  the  case  of  men. 
and  in  instances  where  tackle  has  been  provided  for  deal- 
ing with  these  weights  it  has  been  found  that  women  pre- 
fer not  to  go  to  the  trouble  of  using  such  tackle  and  so 
overtax  their  strength  by  endeavoring  to  lift  weights, 
which  after  a  time  generally  results  in  injury  to  health. 
In  regard  to  output,  women  workers  have  enormously  In- 
creased the  records  of  output  of  all  products  of  a  repeti- 
tion character  which  were  current  in  munition  firms  pre- 
vious to  the  war,  but  on  non-repetltlon  work  it  is  doubtful 
whether  they  have,  generally  speaking,  equalled  the  out- 
put of  men. 

As  an  example  of  increase  of  output  obtained  by  women 
as  compared  with  skilled  men  on  repetition  work  even  of 
a  heavy  nature,  the  author  may  cite  the  case  of  a  factory 
making  9.2in.  shell.  The  practice  in  this  factory  was  to 
bore  the  shell  in  three  operations,  and  the  total  time  taken 


430 


ENGINEERING     AND     CONTRACTING 


Vol.  50.  No.  18. 


for  the  complete  boring  by  skilled  men  was  3.16  machine 
hours.  Women  were  substituted  for  men  on  the  boring 
lathes,  and  after  one  week's  practice  were  able  to  do  the 
work  in  an  average  time  of  3.(5  hours.  In  less  than  three 
months  they  had  reduced  the  average  time  to  1.25  hours, 
thus  increasing  the  output  to  two  and  one-half  times  its 
previous  figure.  Scores  of  similar  instances  might  be 
quoted. 

It  is  an  important  point  in  the  employment  of  women 
operatives  in  manufacturing  work  that  they  should  be  man- 
aged as  far  as  practicable  by  women.  If  possible,  women 
tool  setters  and  setter-up  should  be  employed,  also  women 
charge-hands,  sectional  I'orewomen,  and  wherever  possible 
women  supervisors  and  shop  managers. 


Women  Labor  on  Heavy  Construction  Work 

Women  labor  was  used  extensively  last  spring  in  the 
construction  o(  an  8-berth  shipyard  on  the  northwest  coast 
of  England.  They  charged  the  concrete  mixers,  laid  and 
ballasted  the  rail  of  railway  tracks,  filled  low  ground,  ex- 
cavated the  site  of  the  wet  dock,  and  in  tact  undertook  all 


Women    Navvies    Excavating    for    Wet    Basin. 

kinds  of  work  which  hitherto  has  been  considered  unsuit- 
able for  their  sex.  The  accompanying  photographs,  repro- 
duced from  Engineering,  shows  the  women  engaged  in 
pick  and  shovel  work.  It  is  stated  that  the  women  worked 
with  hearty  good  will  but  were  not  as  efficient  as  the  male 
navvy.  At  first  there  were  many  cases  of  sprained  ankles 
among  the  women,  due  to  their  working  in  high  heeled 
boots  and  shoes.  A  standard  boot  was  designed  by  the 
officials  and  this  trouble  was  eliminated. 


Water  Supply  on  the  Western  Front, — Water  for  the 
Allied  Forces  on  the  Continent  is  mostly,  obtained  from 
wells,  states  Water  and  Water  Engineering.  The  British 
territory  is  underlaid  with  chalk;  driven  wells,  therefore, 
have  to  be  sunk,  approximately  from  150  ft.  to  250  ft.  to 
reach  the  water-bearing  level.  With  two  shifts  the  drilling 
progress  on  a  6-in.  hole  varies  from  20  ft,  to  60  ft.  a  day, 
and  the  yield  per  well  ranges  from  50  to  150  gal.  per  min- 
ute. In  the  Somnie  Valley  British  troops  use  river  water, 
which  is  passed  through  purification  plants,  mounted  on 
barges.  About  four-fifths  of  the  French  Army  water  sup- 
ply in  the  region  of  Verdun  is  obtained  from  wells.  Wells 
dug  by  hand,  in  addition  to  drilled  wells,  are  employed  to 
some  extent — one  of  them  being  put  down  65  ft.  If  time 
permits,  these  dug  wells  are  lined  for  the  upper  10  ft.  or 
12  ft,,  and  a  kerb  2  ft.  high  is  built  around  the  top  to  pre- 
vent debris  or  waste  water  falling  back  into  the  well.  For 
dug  wells  a  round  section  about  4  ft.  in  diameter  is 
common. 


Standard    Specifications  for  Cast 

Iron  Pipes  for  Water  and 

Gas  Mains 

From  a  report  submitted  May  21,  1917,  to  the  Institution  of  Water 
Engineers    (formerly   British   Association   of   Waterworks   En- 
gineers), Transactions  of  the  Institution,  Vol.  XXII,   1917. 

Range  of  Standards. — Socket  and  spigot  pipes,  with  both 
plain  and  turned-and-bored  joints,  have  been  standardized 
up  to  48  in.  diameter,  in  lengths  of  8  ft.  from  3  in.  to  12  in. 
diameter,  and  lengths  of  12  ft.  from  4  in.  to  48  in.  diameter. 
Flanged  pipes  and  special  castings  have  not  been  standard- 
ized above  24  in.  diameter  as  the  demand  for  such  is  very 
limited  and  the  conditions  under  which  they  are  to  be  used 
frequently  call  for  special  designs. 

Division  Into  Classes. — There  are  to  be  4  classes  of  pipes. 
A,  B,  C  and  D,  varying  in  thickness  to  withstand  the  re- 
spective test  pressures  of  200.  400,  600  and  800  ft.  head  of 
water,  while  it  is  recommended  that  the  working  pressure 
shall  not  exceed  one-half  of  the  test  pressures. 

Class  A  pipes  are  only  intended  for  gas  or  other  purposes 
where  the  working  pressures  are  low. 

The  special  castings  have  been  divided  into  two  classes 
only,  so  designed  that  one  pattern  suits  Classes  A  and  B 
pipes,  and  the  other.  Classes  C  and  D  pipes.  By  this  means 
the  number  of  standards  for  specials  has  been  halved. 

Jointing-Up  Pipes  of  Different  Classes.^The  standards 
have  been  so  designed  that  pipes  and  specials  of  all  classes 
up  to  10  in.  diameter  can  be  jointed  together  and  leave  a 
sufficient  lead  space  for  caulking.  Above  10  in.  diameter 
the  pipes  of  Classes  A  and  B  can  be  interchanged,  as  also 
can  those  of  Classes  C  and  D. 

Constancy  of  External  Diameter. — In  order  to  render  the 
pipes  and  castings  interchangeable  it  was  necessary  to 
standardize  the  external  diameter  and  allow  the  internal 
diameter  to  vary  slightly  with  the  thickness  and  describe  it 
as  the  nominal  diameter  or  bore.  This  has  had  the  effect 
of  enormously  reducing  the  number  of  patterns,  as  those 
for  the  barrel  and  socket,  of  any  group,  remain  the  same 
throughout. 

The  variations  are  really  trifling,  thus  a  pipe  of  3  in. 
nominal  bore  may  vary  between  3.00  in.  and  2.96  in.  di- 
ameter and  a  4S-in.  pipe  between  48.00  in.  and  48.44  in.  di- 
ameter according  to  its  thickness  or  class.  In  practice  this 
can  have  no  measurable  or  Important  effect  as,  in  the  first 
place,  it  has  not  been  the  practice  to  split  inches  of  di- 
ameter, and,  in  the  second  place,  it  is  exceedingly  doubt- 
ful whether,  in  any  pipe-line,  the  relationship  between  the 
actual  and  theoretical  discharge  may  not  vary  to  an  extent 
greater  than  would  be  produced  by  the  small  differences  in 
diameter  in  the  proposed  standards.  In  any  case  it  is 
simply  a  matter  for  calculation  for  those  who  profess  to 
work  within  such  narrow  limits. 

Strength  and  Testing  of  Cast  Iron, — The  tensile  strength 
has  been  fixed  at  the  minimum  of  914  tons  per  sq.  in.,  and 
the  transverse  strength,  on  the  standard  2  in.  x  1  in.  bar 
with  supports  36  in.  apart,  at  the  minimum  of  28  cwt.  and 
deflection  of  .33  in.  The  forms  and  dimensions  of  the  test 
bars  are  illustrated  in  an  appendix  to  the  specification. 

Variations  in  Thickness.  Length  and  Weight, — The  toler- 
ances above  and  below  the  normal  thickness,  length  and 
w-eight.  have  been  fixed,  but,  after  much  consideration,  it 
was  decided  not  to  introduce  into  a  technical  specification 
any  clauses  touching  the  question  of  the  actual  weight  to 
be  paid  for  by  the  purchaser,  this  being  considered  as  a 
purely  commercial  matter,  which  would  more  properly  be 
dealt  with  as  a  clause  in  the  "General  Conditions  of  Con- 
tract" or  "Agreement," 

It  may,  however,  be  observed  that  the  system  of  pay- 
ment at  a  price  "per  pipe  or  casting"  is  the  simplest,  and 
entails  no  calculation  as  to  the  deduction  to  be  made  for 
individual  pipes  or  castings  being  heavier  than  the  maxima 
weights  specified,  while  all  light-weight  pipes  would  be  re- 
jected upon  inspection. 

Casting  Pipes. — The  enquiry  showed  that  many  current 
specifications  provided  for  the  heating  of  both  the  pipes 
before  coating,  and  the  composition  itself,  to  unsuitable 
temperatures,  such  as  would  volatilize  the  lighter  oils,  and 
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thus  continuously  change  the  consistency  of  the  com- 
position. 

Marking,  Etc.— Provision  Is  made  for  using  standard 
forms  of  idenlincation  markings,  Including  the  brand  mark 
of  the  Eiigineerlng  Standards  Committee,  and  for  weighing 
and  registering  the  weights  of  all  pipes  and  castings. 

Makers'  Certificate. — To  meet  cases  where  pipes  or  cast- 
ings are  bought  from  stock,  or  where  the  purchaser  does  not 
employ  an  inspector,  provision  is  made  for  the  Issue,  upon 
demand,  of  the  Makers'  Certiflcate.s.  based  upon  the  tests 
of  the  Iron  from  which  the  batch  of  pipes  was  cast,  and 
upon  the  hydraulic  lest  applied  to  each  pipe. 

Flanges  and  Machinery.— The  circular  and  bolt-hole  di- 
iiH'nsions  of  all  flanges  are  to  follow  the  existing  Standard 
Klanpe  Specification,  which  is  in  general  use  by  engineers 
and  valve-makers:  while  the  thicknesses  are  arranged  in 
two  classes.  .\B  and  CD.  and  set  out  in  Table  13  of  the 
Specification. 

Provision  is  made  for  the  machining  of  all  flange  faces, 
and  of  the  sockets  and  spigot-ends  of  tumed-and-bored 
pipes.  The  taper  on  the  latter  has  been  fixed  after  careful 
enquiry,  it  having  been  found  that  if  this  is  too  steep  the 
pipes  rebound  rather  than  make  a  good  fit  when  driven  up 
at  the  time  of  laying. 

Arbitration. —  .Matters  In  dispute,  arising  out  of  the 
Specitication  are  to  be  the  subject  of  arbitration,  by  a 
single  arbitrator,  to  be  agreed  upon  between  the  parties  or. 
failing  agreement,  appointment  by  the  Chairman  of  the 
Kngineering  Standards  Committee  for  the  time  being. 

Tables.— The  Specification  is  accomplished  by  14  Tables 
showing-  (a*  The  dimensions  and  weights  of  each  size  and 
clas.s  of  pipe:  (b)  The  dimensions  of  each  size  and  class 
of  socket  and  spigot  for  pipes  and  specials:  (c>  the  di- 
mensions of  standard  flanges,  and  (d)  The  form  and  dimen- 
sions of  Vi.  'd.  1  10  and  1/32  berids,  tees,  4.5°  branches,  en- 
larging and  reducing  tapers  and  collars. 

In  order  to  limit  the  number  of  Standard  Tapers,  dif- 
ferences in  the  diameters  of  the  ends  have,  in  general, 
been  restricted  to  2  in.,  and  where  greater  differences  have 
to  be  provided  for,  the  tapers  will  have  to  be  used  in  com- 
tiinaiions  of  two  or  more  castings. 


Sand  Drag  Train  Stop 

In  connection  with  a  description  of  the  reconstruction  of 
the  Carmarthen  bridge  of  the  Great  Western  Ry.,  Mr.  Henry 
Stuart  Seville  Whitley  in  Vol.  CCIV  of  Minutes  of  Pro- 
ceedings of  Institution  of  Civil  Engineers,  gives  the  fol- 
lowing information  regarding  the  "sand  drag"  method  of 
stopping    trains: 

To  prevent  an  up-train  after  running  past  the  stop  sig- 
nals from  fouling  the  bridge  when  open,  a  sand-drag  270 
yd.  in  length  was  laid  in  the  up  main-line  west  of  the 
bridge  connected  with  the  running  line  by  facing  points. 
The  sides  of  the  trough  consist  of  two  angles,  one  7  in.  by 
'.  in.,  and  the  other  7  In.  by  3'-$.  in.  with  a  standard  bridge- 
rail  laid  in  them,  the  whole  being  fastened  to  the  mainline 
sleepers  with  galvanized  coach-screws  <!  in.  long  by  %  in. 
in  diameter.  The  reason  for  adopting  this  method  of  fixing 
was  that  the  troughs  could  be  laid  without  interfering  with 
the  main-line,  while  the  unequal  angles  allowed  a  more 
equal  clearance  between  the  wheel-flanges  and  the  sides 
of  the  trough.  Sea-sand  covers,  the  rails  to  a  depth  of  3 
in.,  and  a  distance  of  1  ft.  2  in.  is  allowed  between  the  run- 
ning-face of  the  main-line  rails  and  those  in  each  trough. 

Very  exhaustive  trials  carried  out  for  the  purpose  of 
testing  the  retarding  action  of  various  kinds  of  sand,  and 
to  ascertain  the  best  section  of  trough  to  adopt,  resulted 
in  choosing  the  one  described,  and  also  proved  that  damp 
sea-sand   was  the  most  suitable  material  for  use.     For  the 


purpose  of  these  trials  a  sand  drag  connected  at  both  ends 
with  the  running-road  was  laid  down  on  a  level  line,  and 
the  results  obtained  at  the  final  trial  are  given  in  the  ac- 
companying tabulation,  Table  I. 

It  must  be  noted  that  no  brakes  were  applied,  and  that, 
when  the  engine  leading  the  train  entered  the  drag,  steam 
was  shut  oir  at  the  moment  of  entering. 

Mr.  Whitley  believes  that  one  of  the  earliest  sand-bags 
to  be  used  in  Great  Britain  was  laid  down  about  1860  on 
the  West  Cornwall  Railway  (now  Great  Western)  near 
Hayle  Station.  For  this  drag  two  Darlow  rails  were  fixed 
side  by  side  and  the  space  between  them  was  filled  to  the 
head  of  tlie  rails  with  sea-sand. 


The  First  English  Fabricated  Ship 

The  first  of  the  national  fabricated  ships  designed  by  a 
committee  of  British  shipbuilders,  was  launched  last  Au- 
gust, by  Swan,  Hunter  and  Wlgham  Richardson,  Ltd.  The 
following  d"scrii)tion  of  the  vessel  is  reprinted  from  Engi- 
neering of  Aug.  23,  191S:  The  ship  is  411  ft.  6  In.  long,  55 
ft.  f.Vj  in.  broad,  38  ft.  1'^  in.  deep,  with  a  deadweight  car- 
rying capacity  of  10,500  tons  on  a  draught  of  28  ft.  3  in. 
She  is  now  being  fitted  with  ordinary  triple-expansion  en- 
gines, and  will  have  three  boilers,  each  15  ft.  f.  in.  by  11 
It.  6  in.  She  is  the  pattern  vessel  for  10  others  which  are 
to  be  constructed  on  the  fabrication  system  with  the  aid  of 
bridKe-building  works,  and  from  her  all  moulds  and  tem- 
plates have  been  supplied  to  the  bridge  builders  for  re- 
l)roduction  of  the  fabricated  parts  ready  for  erection  In 
national  and  other  yards.  The  object  has  been  to  utilize 
the  ai-ailable  plant  and  labor  of  bridge-builders,  which 
calird  for  the  simplification  of  both  structure  and  form 
As  bridge-builders  are  unable  to  deal  with  curved  surfaces 
a  "straight-line'  form  was  evolved,  the  curved  forms  of 
usual  construction  being  eliminated  as  far  as  practicable. 
There  is  not  a  single  bent  frame  in  the  ship,  and  all  the 
plating,  except  some,  of  course,  at  the  fore  and  after  ends, 
is  straight.  Thus  the  bending  of  frames  is  rendered  un- 
necessary, and  the  rolling  of  plates  for  "twist"  and  form  is 
appreciably  reduced.  A  good  deal  of  additional  work  was 
involved  in  the  design  of  the  ship,  but  now  that  the  first 
of  the  type  is  in  the  water,  the  duplicated  i)arts  will  greatly 
facilitate  the  building  of  sister  ships.  The  hull  was  con- 
structed in  5  months,  delay  being  caused  by  an  epidemic 
of  influenza  and  the  incidence  of  the  Tyneside  annual  holi- 
days. The  next  ship  will  be  built  much  more  quickly. 
None  of  the  material  in  this  first  ship  is  from  the  bridge- 
builders,  but  now  they  will  come  rapidly  into  production. 
The  material  can  be  accumulated  as  desired,  and  construc- 
tion will  proceed  more  speedily  than  ever  before.  The  mul- 
tiple punching  machine  was  used  to  a  greater  extent  on 
this  vessel  than  hitherto,  and  was  very  successful,  mak- 
ing good  holes.  All  the  spacing  of  the  rivets  was  carefully 
worked  out  so  that  plans  and  wood  templates  could  be 
made  and  sent  to  the  bridge-building  firms  without  delay 
lor  reproduction.  The  time  and  labor  spent  in  perfecting 
this  design  is  expected  to  yield  handsome  results.  Minor 
improvements  w^ill  come  with  experience,  but  the  broad 
principle  of  the  design  has  been  worked  out  so  success- 
fully in  the  experimental  ship  that  the  pattern  is  likely 
to  stand. 


Belfast  Ship  Building  Records. — The  Belfast  firm  of  Work- 
man. Clark  &  Co.  recently  completed  an  8,000-ton  standard 
steel  vessel  and  had  It  ready  for  trial  in  3^^  days  from  the 
(la'te  of  launching.  Another  firm  completed  a  standard  ship 
In  5  days  from  the  date  of  launch. 
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The  Millar  System  of  Longitudinal 
and  Transverse  Ship  Framing 

From  Engineering. 
The  Millar  system  of  ship  framing  combines  in  the  hull 
of  a  ship  transverse  framing  and  longitudinal  decks  and 
bottoms.  The  system  has  been  applied  already  to  six  ships 
built  or  building  by  the  Greenock  and  Grangemouth  Dock- 
yard Company,  Ltd.,  at  their  works  at  Greenock  and  Grange- 
mouth. The  longitudinal  system,  as  is  well  known,  has  been 
applied  in  many  ships,  and  by  many  shipowners  is  preferred 


the  ship  and  the  tank  top,  there  are  transverse  floor  plates 
about  6  ft.  to  12  ft.  apart,  instead  of  from  26  in.  to  30  in., 
as  would  be  the  case  in  a  ship  where  the  main  framing  of 
the  bottom  was  transverse.  The  deck  beams  are  similarly 
arranged  longitudinally,  with  reinforced  plate  beams  placed 
in  a  transverse  direction  at  intervals  of  12  it.  These  are 
c.innected  to  strong  reinforced  vertical  frames  on  the  side 
of  the  ship,  which  are  similarly  connected  at  the  bottom  to 
the  tank  top  or  margin  plate,  as  the  case  may  be.  The 
transverse  deck  beams  are  slotted,  so  that  the  fore  and  aft 
members  are  continuous,  but  they  are  connected  to  the  deck 
plating  as  in  the  case  of  the  longitudinals.     These  beamn 
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to  the  ordinary  transverse  system.  But  here  the  two  sys- 
tems are  combined,  with  a  view  principally  of  giving  the 
ship,  as  a  girder,  greater  strength  longitudinally  against  the 
stresses  consequent  on  hogging  and  sagging,  and  great  ver- 
tical stiffness  against  collision  alongside  wharves,  piers, 
etc.  Briefly,  the  double  bottom  of  the  ships,  as  well  as  the 
decks,  are  constructed  with  the  main  members  running 
longitudinally,  while  the  sides  of  the  ship  are  constructed 
with  vertical  framing  securely  attached  to  the  double  bot- 
tom, either  to  the  tank  top  or  to  the  margin  plate.  The  sys- 
tem so  adopted  by  Mr.  William  Millar,  the  head  of  the  dock- 
yard company  named,  is  a  result  of  his  experience  in  the 
repair  of  ships  which  had  been  subjected  to  strain  in  a 
seaway,  and  proof  of  advantage  is  afforded  by  the  fact  that 
the  classification  societies  make  a  reduction  in  thickness 
of  plates  where  longitudinals  are  fitted,  because  the 
strength  is  applied  in  the  right  direction.  Not  only  is  there 
increased  strength,  but  a  saving  of  at  least  5  per  cent,  in 
steel,  as  compared  with  a  ship  having  ordinary  transverse 
framing.  Moreover,  the  longitudinal  bottoms  give  greater 
freedom  inside  the  tanks  between  bottoms  for  cleaning, 
painting  or  repairing.  The  association  of  vertical  frames 
with  longitudinal  members  obviates  breakage  of  stowage, 
the  sparring  in  the  side  walls  running  straight  through  from 
end  to  end. 

The  longitudinals  are  placed  parallel  to  the  middle  line, 
and  are  spaced  2  ft.  6  in.  apart,  extending  from  bilge  to 
bilge.  To  ensure  transverse  strength  in  combination  with 
longitudinal  strength,  and  to  support  the  bottom  plating  of 


Bvttom    Plating  -62' 
Double      Bottom,    Side    Framing     and     Deck    Longitudinals. 

can  be  made  so  as  to  show  clear  holds  without  pillars,  or 
they  can  be  made  to  suit  two  rows  of  pillars. 


Training  of  Women  for  Work  in  English 
Munition  Factories 

From  a  paper.  '"Some  Notes  and  Observations  Relative  to 
Engineering  in  Great  Britain  During  the  War,"  published  in  the 
Proceedings  Engineering  Association  ot  New  South  Wales. 

The  employment  of  women  presented  many  difficulties 
owing  to  their  lack  of  knowledge  of  machinery;  but  the 
Minister  of  Munitions  early  set  in  operation  a  scheme  of 
training  centers  throughout'  the  Kingdom,  where  the  train- 
ing is  free,  on  the  condition  that  the  student  undertook  to 
enter  a  munition  factory  at  the  end  of  the  course,  which 
usually  consisted  of  four  hours  a  day,  six  days  in  the  week, 
and  lasted  six  weeks,  or  144  hours  in  all.  They  were  then 
qualified  to  enter  the  factories.  The  nature  of  the  train- 
ing is  divided  into  bench  work,  at  the  vice,  and  operating 
machine  tools,  lathes,  milling  machines,  etc.  But  students 
who  show  marked  aptitude  are  selected  for  a  further  course 
of  specialized  instruction.  . 

There  are  over  40  such  training  institutes,  and  the  num- 
ber of  women  trained  has  run  into  many  thousands.  Of 
course,  women  can  also  be  taken  direct  into  the  factories 
and  trained  there,  but  the  better  results  from  the  training 
centers  has  been  so  marked  that  it  is  a  matter  well  worth 
continued  observation,  as  the  benefit  to  the  industry  that 
such   training   centers    should    be   maintained   as   a   perma- 
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nency  after  the  war  for  the  purpose  of  training  unskilled 
labor  for  the  simple  operations  is  unquestionable. 

So  far  women  have  not  taken  the  place  of  the  highly 
skilled  men  to  any  great  extent,  but  they  have  almost  en- 
tirely replaced  the  unskilled  and  semi-skilled  men  in  nearly 
all  branches  of  mechanical  engineering,  not  excepting  ship- 
building. I  saw  many  women  working  in  a  number  of 
shipbuilding  plants. 

The  employment  of  this  unskilled  or  diluted  labor  has 
resulted  In  a  great  cheapening  of  production,  and  the  man- 
ufacturer of  munitions  may'  be  said  to  have  come  through 
three  stages. 

At  first  it  was  thought  best  to  adopt  existing  machines, 
with  special  appliances  and  tools  for  the  purpose  in  view, 
expecting  to  soon  revert  back  to  normal  uses.  This  grave 
way  to  the  second  stage  of  constructing  machines  which, 
though  suited  for  munition  work,  might  be  easily  adapted 
for  normal  commercial  work.  This  gave  way  to  the  third 
staee  of  building  machine  tools  of  the  simplest  description 
adapted  for  the  one  purpose  of  munition  making,  with  the 
intention  that  they  can  be  scrapped  or  discarded  when  the 
war  is  over,  and  arranged  for  one  operation  only.  The 
making  of  shells  is  now  generally  carried  out  on  that  plan 
of  one  operation  by  one  operator. 


Tests  on  Tie  Bars  from  the  90 

Year  Old  Menai  Suspension 

Bridge 

From    the    Kn^ineer. 

The  Menai  suspension  bridge,  begun  under  Telford's  di- 
rection in  1S19.  and  completed  in  1S2C.  has  now  been  over 
90  years  in  service.  With  the  exception  of  some  damage 
caused  by  a  windstorm  in  January.  1S39.  when  one-third  of 
the  "hanger  rods"  are  stated  to  have  been  broken,  its  his- 
tory has  been  uneventful  until  recently.  During  the  past 
two  or  three  years,  however,  the  suspender  rods  or  tie 
bars  have  been  giving  considerable  trouble,  several  having 
broken  without  apparent  cause.  The  construction  of  these 
rods  is  peculiar,  at  least  in  the  light  of  modern  practice. 
Each  of  the  members  is  made  of  several  small  pieces 
welded  together,  with  an  eye  formed  at  each  end.  The 
bottom  members  of  the  rods  are  6  ft.  6  in.  long,  and  it  is 
in  these  members  that  the  trouble  has  occurred.  ■  As  the 
factor  of  safety  for  the  bars,  allowing  for  the  full  traffic 
load  on  the  bridge,  but  neglecting  the  windstresses,  is 
eight,  the  cause  of  the  failures  was  not  at  first  understood. 

In  February.  1917.  the  Engineering  Division  of  his 
Majesty's  Oflice  of  Works  sent  one  of  the  fractured  bars 
to  Messrs.  David  Kirkaldy  and  Son,  for  the  ascertainment 
of  its  tensile  strength.  The  test  sheet  received  from 
Messrs.  Kirkaldy  is  reproduced  in  Table  I. 

The  results  of  these  tests  were  considered  quite  satis- 
factory so  far  as  the  tensile  strength  was  concerned.  The 
bars  which  failed  in  service  all  fractured  at  the  same  point, 
namely,    as    shown    in    the    sketch    accompanying    the    test 


8hef;t,  at  a  point  a  few  inches  from  one  of  the  ends.  The 
fractures  occurred  always  through  solid  metal,  and  not  at 
a  wold,  and  revealed  a  coarsely  crystalline  structure.  The 
conclusion  was  reached,  therefore,  that  the  trouble  was 
duo  to  fatigue  In  the  metal,  and.  therefore,  that  annealing 
'vould  probably  overcome  it.  Opinions  on  this  point  were 
tought  from  .Mr.  Basil  Mott,  C.V.,  M.Inst.,  C.E.,  Mr.  Brearley 
of  Shellleld,  and  the  National  Physical  I-aboratory.  The 
loport  of  the  Laiboratory  was  adopted,  and  it  was  decided 
to  proceed  forthwith  with  the  remedial  work.  An  anneal- 
iiig  furnace  is  accordingly  being  laid  down  at  one  of  the 
workshops  near  the  bridge,  and  the  bars  are  to  be  removed 
in  small  lots  at  a  time  and  replaced  after  having  been  an- 
nealed. 


Lessons  of  the  War  as  AppHed  to 
Roads  and  Bridges 

.M.slrart  of  papi-r  |>r,-s.iilfcl  'a.-^i  .May   l.v   Walcr  .MauKhaii  at  Iho 

.Vorlhern    District    .^I^■^■line    of    the    ln.-;titution 

of  Municipal  Engineers. 

The  author  declared  that  never  in  the  history  of  man- 
kind had  the  enormous  importance  of  solidly  constructed 
roads  and  bridges  been  so  evident  as  in  this  devastating 
war.  In  fact,  so  very  often  had  highways,  or  the  bridge- 
head "keys"  to  them,  been  the  scenes  of  decisive  battles, 
that  the  struggle  might  aptly  be  termed  "The  War  of  Roads 
and  Bridges."  Moreover,  the  possession  of  these  vital  lines 
of  communication,  of  advances  or  of  retreat,  had  certainly 
often  proved  the  decisive  factor  of  those  battles. 

Commander  Maughan  laid  stress  on  the  need  for  a  re- 
organization of  our  roads  on  national  lines,  the  classifica- 
tion of  all  roads  and  the  "nationalization"  of  many.  To  do 
this  efliciently.  he  urged,  we  might  with  advantage  copy 
the  good  points  in  the  French  and  other  continental  sys- 
tems. It  would,  he  said,  be  admitted  by  all  who  had  had 
experience  of  the  French  system  that  our  cross-channel 
allies  always  excelled  in  matters  connected  with  personnel 
and  the  application  of  tlirifty  judgment  in  maintenance  of 
roads,  and  he  supported  the  formation  of  a  "Business  Road 
Government"  in  this  country.  Under  It.  he  said,  we  should 
soon  see  an  end  of  anomalies  such  as  (1)  undue  and  even 
wanton  destruction  of  road  surfaces  and  often  of  founda- 
tions, by  traffic,  by  reason  of  the  temporary  impossibility 
— from  the  business  point  of  view — of  spreading  the  ex- 
cessive weight  over  a  sufficiently  large  area  of  roadway 
by  such  means  as  caterpillar  tracks  or  the  substitution 
of  cushioning  devices;  (2)  the  exploitation  of  our  national 
roads  as  free  tracks  or  routes  by  private  motor  omnibus 
and  road  transport  companies,  or  by  "dividend  hunters"; 
(H)  the  unequal  incidence  of  rating.  There  was  also,  ho 
added,  need  for  a  road  "intelligence  department,"  and  for 
efficient  census  work.  Commander  Maughan  then  gave  de- 
tails of  the  lessons  war  had  taught  him  as  to  road  manage- 
ment  and   construction.     The   following   may    be   cited: 

The  advantages  of  straight  and  wide  roadways  with  wide 
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Sketch    of    Tie    Bar    From     Menai    Suspension    Bridge. 
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T.\RLE  I.— UESILTS   OF  TESTS  TO   ASCERTAIN   THE   TENSILE  STRENGTH.  ETC..  OF  IROX  TIE  BAR. 
Description.  Dimensions. 


-Load- 


1209     Fractured   tie  bar— See   sketch 
1J09    Fractured   tie  bar— See  sketch 


Fractured  tie  bar — See  sketch 
Fractured  tie  bar— See  sketch 


Fractured   tie   bar— See  sketch 
Fractured   tie   bar— See  sketch 


!i6xl.03 
li6xl.03 


Total    lb. 
3G.S00 


Tons    per 
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Remarks. 

RoislnnlnR  to  yield.     Permanent  extension  In  40  in.  =  .05 

In.  or  0.1   per  cent. 
Broke  at  weld  A,  1/S  silky,  3/5  crystalline.  1/5  defective: 

two  other  Wflds.  B  nnU  C.  cracked      Permanent  oxten- 

.Hlon  In  20  In.   —   .30  In.  or  1.5  per  cent. 
Permanent  extension   in  20  in.   ^    .r.l   In.  or  2.5  per  cent. 
Proko  at  wcUl  I).  <  5  sllkv.  1   5  crystalline  and  defective. 

Permanent  extension  In  i:t  In.  — _-  .40  in.  or  3.1  per  cent. 
Broke    at   wold    E.    crystalllno.    defective. 
Broke   throuRh   solid   metal   at   F.   crystalline.     Extension 

on   1   In.   includlnj;  fracture   =    .03   In.   or  3.0  per  cent. 
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shoulders:  the  importance  of  putting  in  sound  foundation, 
and  providing  for  efficient  drainage  of  both  road-bed  and 
surface  crust;  the  unassailable  superiority  of  well-made  and 
preferably  bituminous-bound  macadam  roads  for  country 
roads,  and  even  for  the  heaviest  of  traffic;  the  importance 
of  leveled  strips  of  turf  adjoining  the  actual  roadway  and 
thb  absence  of  ditches  and  cross  grips  or  side  drains  and 
the  great  advantage  of  pipedin  side  drains,  especially  on 
narrow  roads  and  uniformity  of  standard  of  maintenance 
and  of  materials;  the  necessity  of  keeping  trees  well  away 
from  the  roadway  so  that  the  branches  overhung  the  foot- 
path, but  not  the  road;  the  delay,  expense  and  danger  of 
bottle-neck  lengths,  narrow  bridges  or  odd  lengths  ot  road, 
dangerous  corners  and  cross  roads,  railway  crossings,  etc.; 
the  necessity  for  a  constant  and  systematized  study  by 
road  engineers  of  road  traffic,  and  especially  the  effect  of 
various  classes  of  traffic  under  various  weather  conditions 
upoa  the  various  road-surtacingss  and  other  materials  used 
in  the  construction  of  roads  with  the  co-operation  of  geol- 
ogists and  ot  chemists;  the  need  for  a  similar  study  of 
traffic  movements,  of  accidente  and  of  enforceable  safety 
precautions  and  road  customs;  last,  but  not  least,  the  neces- 
sity for  read  engineers  to  combine  to  protect  not  only  their 
own  interests  and  those  of  road  authorities  generally,  but 
also  with  representative  bodies  of  road  users  for  the  benefit 
of  the   country  at  large. 

As  regards  highway  bridges,  the  -author  thought  that,  gen- 
erally speaking,  we  had  little  to  learn  from  our  Allies.  So 
far  as  "over"  bridges  were  concerned,  it  was  safe  to  say 
that  supporting  piers  in  the  middle  of  the  roadway  would 
not  be  tolerated  in  this  country  any  more  than  would  the 
innumerable  level  crossings  which  mar  the  general  excel- 
lence of  the  roads  of  Ftance. 


Thinners  enable  thin  coats  of  paint  to  be  applied.  Tur- 
pentine leaves  a  very  slight  residue  behind  upon  evapora- 
tion, but  its  effect  on  the  efficiency  of  the  paint  is  small. 

Other  things  being  equal,  the  most  permanent  paints  are 
those  containing  black  or  red  pigments,  since  these  ab- 
sorb the  shorter  rays  of  light,  and  prevent  them  from 
hastening  the  destructive  oxidation  of  the  linoxyn  by  the 
air. 

Finer  pigments  afford  more  efficient  protection  than 
coarse  pigments,  since  they  are  more  thoroughly  In  con- 
tact with  the  oil. 

Iron  structures  should  be  painted  whilst  their  scale  is 
still  on,  after  loosely  adherent  flakes  and  rust  have  been 
scraped  off.  The  paint  will  last  rather  longer  than  if  ap- 
plied to  the  pickled  or  sand-blasted  surface,  and  the  labor 
of  removing  the  scale  is  saved. 

Experiments  with  rusty  plates  are  not  conclusive,  but 
suggest  that  the  rust  need  not  be  so  carefully  removed, 
prior   to   painting,   as   is   usually   thought   to   be   necessary. 


Paints  and  Prevention  of  Corrosion 
of  Iron  Work 

In  a  paper  presented  before  the  Iron  and  Steel  Institute 
Prof.  J.  Newton  Friend  described  his  investigation  for  de- 
termining the  broad  general  principles  for  the  successful 
application  of  paint  to  iron  for  the  prevention  of  atmos- 
pheric corrosion.  Plates  coated  with  various  paint  mix- 
tures were  exposed  to  the  weather  for  periods  varying 
from  5  months  to  2%  years.  The  loss  in  weight  due  to  cor- 
rosion was  thus  ascertained.  His  summary  of  the  results 
of  his  tests  follows: 

The  practical  value  of  acceleration  tests  is  very  small 
in  the  present  state  of  our  knowledge.  Reliable  results 
can  only  be  obtained  from  tests  carried  out  under  condi- 
tions closely  resembling  those  prevailing  in  practice. 

Addition  of  pigment  paint  to  oil  increases  the  efficiency 
of  the  latter  as  a  protective  paint  until  a  maximum  is 
reached.  After  this,  further  addition  of  pigment  causes 
deterioration.  The  best  results  are  obtainable  from  paints 
possessing  as  high  a  percentage  of  good  oil  as  is  com- 
patible with  good  body  and  any  other  working  property 
that  has  to  be  considered. 

Linseed  oil  on  setting  expands  by  some  3.3  per  cent.  This 
is  the  primary  cause  of  crinkling.  Further  oxidation  causes 
a  decrease  in  volume,  which  in  time  leads  to  cracking. 

Linoxyn  is  permeable  to  moisture.  The  permeability  ,is 
reduced  by  heating  in  absence  ot  air,  the  oil  increasing 
in    density,   viscosity,   and   molecular   weight. 

Polymerized  linseed  oil  affords  a  better  protection  than 
raw  oil  when  used  as  a  paint  vehicle. 

The  functions  of  a  pigment  are  to  toughen  the  film  and 
lender  it  less  permeable  to  water-vapour  and  oxygen.  It 
also  reduces  the  expansion  of  the  oil  on  setting,  and  thus 
minimizes   the  tendency   to  crinkle. 

A  thick  coat  of  paint  protects  the  underlying  metal  more 
efficiently  than  a  thin  coat,  provided  the  coat  is  not  so 
thick  that  running  or  crinkling  takes  place. 

The  very  best  results  are  obtained  by  multiple  coats. 
'J  wo  thin  coats  are  better  than  one  thick  one  of  equal 
weight. 


The  West  Quay  of  Madras  Harbor 

From  a  paper  presented  before  Institution  of  Civil  Engineers. 
The  object  of  the  paper  is  to  describ'e  how  at  a  cost  ot 
iOO. 0(101.  3,000  lin.  ft.  of  a  quay,  fit  for  vessels  of  Suez  Canal 
drafts,  has  been  constructed  along  the  west,  or  shore,  side 
ot  Madras  artificial  harbor.  The  quay  in  question  has  re- 
placed the  shelving,  sandy  shore,  and,  by  allowing  dredging 
to  be  done,  has  enabled  the  port  authority  to  enlarge  the 
area  of  the  enclosed  harbor,  available  for  shipping,  from 
about   100   acres   to   about  200   acres. 

The  quay  is  constructed  mainly  of  granite  cement,  con- 
crete faced  with  granite  masonry.  It  rests  on  about  70 
double-aperture  wells  or  monoliths,  sunk  to  a  depth  of  55 
ft.  below  low  water,  or  to  a  depth  of  23'  ft.  below  the 
dredged  bottom  of  the  deepest  berths.  Of  the  wells  21 
are  50  ft.  by  28  ft.,  3  are  44  ft.  by  28  ft.,  21  are  43  ft.  by 
24  ft.,  and  19  are  35  ft.  by  20  ft.  Besides  64  deeply-sunk, 
or  regular,  wells,  there  are  at  each  end  a  few  smaller  and 
shallower  wells,  w-here  the  quay  crosses  the  rubble  base 
of  the  old  harbor  breakwaters.  Throughout  the  full  length, 
2,980  ft.,  of  the  quay,  its  breadth,  on  top  of  the  wells,  is 
24  ft.  Its  height  above  Indian  spring  low  water  is  12  ft. 
The  wells  are  shod  at  the  bottom  with  steel  curbs  weigh- 
ing in  the  aggregate  about  1,000  tons,  made  by  local  firms. 
The  strata  through  which  the  wells  were  sunk  is  sand 
or  clayey  sand,  real  clay  not  being  met  with  until  a  depth 
of  77  ft.,  and  rock  not  until  a  depth  of  113  ft.,  is  reached. 
All  the  wells  leaned  forward  4  in.  to  8  in.  as  the  sea-bed 
was  dredged  from  the  fronts  of  them  and  the  earth-pres- 
sure came  on  at  the  back.  This  forward  movement,  once 
it  was  fully  recognized  and  diagnosed,  was  compensated 
for  by  leaning  the  wells  backward  with  a  batter  in  the 
sinking,  so  that  by  the  time  the  superstructure  came  to 
be  built  the  top  face  of  the  line  of  wells  was  about  6  in. 
back  from  its  ultimate  position.  The  all-over  cost  of  the 
finished  quay — in  spite  of  war  prices  for  a  part  of  the 
cement  used— ran  to  practically  Rs.  1,000,  or  66V3I.  per 
lin.  ft. 

The  quay  is  equipped  with  five  groups  of  1-ton  hydraulic 
cranes  for  working  cargo  in  and  out  of  lighters  at  the 
places  which  ordinarily  will  be  free  ot  steamers.  Over- 
head, or  portal,  35-cwt.  hydraulic  cranes  for  plumbing  ship's 
hatches  are  under  order,  but  are  delayed  because  of  the 
war.  The  quay  affords  b*erthing  for  four  steamers  ot  the 
average  Suez  Canal  class;  or,  in  an  emergency,  when  some 
of  the  groups  of  small,  or  barge,  cranes  will  be  masked, 
for  six  smaller  vessels.  Trains  of  both  the  South  Indian 
gages  (5  ft.  6  in.  and  1  m.)  have  access  to  the  full  length 
of  the  quay,  which  is  equipped  throughout  with  transit 
sheds  120  ft.  wide,  placed  112  ft.  back  from  the  quay  face. 
The  quay  has  already  been  used  extensively,  even  when 
only  half  finished.  Pending  the  instalment  of  cranes,  its 
working  capacity  has  Yai'ieil.  ship's  own  derricks  only  be- 
ing used,  from  1,200  tons  in  a  day  for  coal  down  to  500 
tons  in  a  dav  for  rails  per  steamer. 
(40) 
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"I  Haven't  the  Least  Doubt  That 
Street  Dust  Disseminated 
the  Influenza" 

The  great  epidemic  of  influenza  has  already  killed  almost 
a.s  many  American  soldiers  in  America  as  German  bullets 
have  killed  iu  France  since  we  entered  the  war.  In  the  can- 
tonments alone  more  than  300,000  cases  of  influenza  have 
occurred,  of  which  16  per  cent  developed  pneumonia,  and 
more  than  16,00u  have  died.  Our  total  casualties  in  France 
have  been  but  slightly  more  than  50,000,  of  which  about 
20.000  have  been  deaths.  Yet  we  have  had  soldiers  in 
France  for  IS  months,  whereas  influenza  has  been  epidemic 
in  America  less  than  one-si.\th  as  long  as  that. 

Our  two  million  soldiers  in  France  have  been  facing  a 
much  less  deadly  enemy  than  the  two  million  in  our  train- 
ing camps  at  home.  The  greatest  number  of  our  casualties 
reported  in  a  single  day  from  France,  was  1,200.  The  in- 
fluenza casualties  in  our  cantonments  have  averaged  four 
times  that  number  for  sixty  days.  Consider  what  our  con- 
sternation would  have  been  had  as  many  of  our  boys  in 
khaki  been  struck  by  lead  as  were  struck  by  microbes  dur- 
ing the  past  two  months.   ■ 

The  pity  of  it  is  that  the  casualties  from  influenza 
microbes  were  avoidable,  for  the  most  part.  We  have  simply 
repeated  the  history  of  the  Spanish  war  when  our  soldiers 
died  like  flies,  and  largely  because  of  flies.  Then 
it  was  typhoid,  and  the  germs  were  carried  from 
camp  privies  by  flies  to  the  food  that  the  sol- 
diers ate.  The  cause  of  typhoid  and  the  methods  of  its  dis- 
semination were  almost  as  well  known  to  physicians  then 
as  now.  Yet  a  .disgraceful  lack  of  precaution  led  to  thou- 
sands of  deaths  among  our  soldiers  in  Florida  and  other 
southern    states. 

When  the  sanitary  history  of  this  present  war  comes  to 
be  written,  we  believe  that  it  will  be  said  that  most  of  the 
deaths  from  pneumonia  and  influenza  could  have  been  pre- 
vented, even  as  it  was  said  after  the  Spanish  war  that  the 
loss  of  life  from  typhoid  was  largely  preventable.  Almost , 
from  the  start  of  this  present  war,  pneumonia  began  to 
claim  victims  in  our  army  camps,  not  by  ones  and  twos, 
but  by  scores.  And  the  death  roll  had  grown  steadily  and 
alarmingly  larger  even  before  the  epidemic  of  Influenza 
began.     .Since  then  the  loss  of  life  has  been  astounding. 

The  public  has  been  told  that  the  army  camps  are  more 
healthful   than  the  homes   from   which   the   men   came,  and 


attention  has  been  called  to  the  low^  annual  death  rate  per 
thousand  men  in  camp.  But  such  statistics  are  misleading, 
for  the  normal  death  rate  of  men  between  the  ages  of  21 
and  31  is  only  a  small  fraction  of  that  of  the  entire  popula- 
tion, including  infants  and  aged.  Bear  in  mind  also  that 
medical  examiners  weeded  out  all  who  were  not  in  the 
prime  of  physical  condition,  and  you  will  realize  how  de- 
ceptive is  any  comparison  of  death  rates  in  our  army  camps 
with  death  rates  in  our  cities. 

Doubtless  many  a  civilian  has  concluded  that  a  high 
death  rate  from  pneumonia  is  unavoidable  where  men  are 
exposed  to  all  sorts  of  weather,  but  that  is  not  so.  The 
writer,  as  a  civil  engineer  and  contractor,  has  lived  out  in 
camps  a  considerable  part  of  his  life;  and  his  experience 
has  taught  him  that  men  exposed  merely  to  bad  weather 
seldom  have  pneumonia.  Pneumonia  is  a  germ  disease  that 
is  transmitted  mainly  iu  the  dust.  The  germs  are  expec- 
torated and  are  then  blown  about  with  the  dust.  The  cause 
being  known,  the  preventions  are  obvious.  First,  the  spu- 
tum of  all  persons  having  "colds"  should  be  prevented  from 
reaching  the  floors,  walks,  roads  and  streets.  Second,  every 
effort  should  be  made  either  to  remove  the  dust  frequntly 
or  to  lay  the  dust  by  sprinkling  with  oil  or  water — prefer- 
ably oil.  Third,  the  throat  and  nose  should  be  washed  and 
sprayed  immediately  after  every  exposure  to  dust  that  may 
contain  germs.  In  a  recent  address  to  the  street  cleaning 
contractors  of  Philadlphia,  Dr.  William  Pepper,  of  the 
I'niversity  of  Pennsylvania,  said: 

Elimination  of  stret  t  dirt  .ind  dust  is  imperative,  and  the 
only  way  it  can  be  done  Is  by  washinir  the  germ-laden  dust 
.iway.  The  more  streets  that  are  Hushed,  therefore,  and  the 
oftener  it  Is  done,  the  belter  conditions  will  become.  Personally, 
I  reBiird  Hushing  of  the  streets  as  of  far  more  importance  than 
the  collection  of  Barbage.  for  while  I  cannot  see  any  (Treat  disease 
menace  In  sarbage,  though,  of  course,  it  is  offensive,  there  Is  a 
very  distinct  menace  In  the  dust  that  now  blows  around  our 
.streets  with  every  wind.  I  haven't  the  least  doubt  that  dust 
was  the  original  disseminator  of  epidemic  influenza  In  the  camps 
and  that  It  started  In  crowded  barracks  through  the  inhaling  of 
(lusi  carrying  the  contagious  tjacterla. 

Dr.  Pepper  merely  states  what  has  been  known  for  years 
In  Kngiiieering  and  Contracting  we  have  published  dozens 
of  editorials  urging  the  flushing  of  streets  to  remove 
microbes.  City  streets  should  be  kept  almost  as  clean  as 
a  hospital  floor:  and  It  can  be  done,  as  has  been  shown  In 
several  cilles,  at  a  very  moderate  cost,  provided  the  streets 
are   well    paved. 

What  Is  true  of  city  streets  In  this  respect  Is  obviously 
true   of   the   streets   In   our  army   cantonments,   and   of  the 
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drill  grounds.  Yet  what  do  we  see  there?  For  the  most 
part  we  find  cheap,  dusty  pavements  (where  there  are  pave- 
ments) and  drill  grounds  that  are  so  dusty  as  to  be  ideal 
places  for  the  dissemination  of  bacteria  that  attack  the 
respiratory  passages  and  organs.  Instead  there  should  be 
what?  Concrete,  asphalt,  brick  or  other  smooth,  hard  pave- 
ment over  every  yard  of  every  cantonment  street  and  side- 
walk. These  pavements  should  be  washed  clean  every  night, 
if  not  oftener.  The  drill  and  parade  grounds  should  either 
be  paved  in  a  similar  manner  and  similarly  kept  clean;  or, 
if  a  yielding  surface  is  desired,  they  should  be  covered  with 
sand  bound  with  an  asphaltic  oil.  When  asphaltic  oil  of 
the  right  consistency  and  in  abundance  is  used,  and  when 
maintenance  is  adequate,  practically  no  dust  rises  from  such 
an  oiled  surface.  Every  soldier  should  be  taught  to  use  his 
handkerchief  every  time  that  he  clears  his  nose  or  throat. 
He  should  be  made  to  realize  that  the  handkerchief  is  the 
gas  mask  idea  reversed,  its  object  being  to  prevent  germs 
from  going  forth  on  their  mission  of  illness  or  death  to 
other  men. 

Civil  engineers  have  done  vastly  more  than  doctors  to- 
ward preventing  typhoid  fever,  because  it  has  been  the  con- 
struction of  sewers  and  the  filtering  and  chlorinating  of  wa- 
ter to  which  the  disappearance  of  typhoid  is  mainly  attrib- 
utable. In  like  manner  we  look  to  see  civil  engineers  be- 
come the  main  factors  in  causing  the  disappearance  of  the 
respiratory  diseases,  for  they  will  lead  the  public  to  appre- 
ciate the  health  value  of  good  pavements  kept  clean. 


Unwise  Curtailment  of  Truck 
Manufacture  and  High- 
way Construction 

Now  that  the  war  is  so  near  its  close  perhaps  it  is  useless 
to  complain  further  about  the  various  acts  of  the  federal 
government  that  have  led  to  such  great  curtailment  of 
road  and  street  work.  However,  there  is  food  for  reflection 
in  the  fact  that  after  the  many  years  of  publicity  as  to  the 
necessity  of  good  highways,  there  should  still  be  in  public 
office  men  who  class  highways  among  the  non-essentials — 
the  gum  and  gewgaw  factories  and  the  countless  list  of 
plants  that  produce  nothing  that  adds  to  economic  welfare. 

When  the  highway  commissioner  of  a  great  state  is  com- 
pelled, by  a  sense  of  public  duty,  to  arraign  the  National 
Highways  Council,  surely  it  is  time  for  engineering  societies 
to  investigate.     J.  Denny  O'Neil  recently  said: 

The  Highway  Department  of  Pennsylvania  is  of  the  opinion 
that  the  Xational  Highways  Council  has  failed  to  realize  the 
importance  of  road  work  in  Pennsylvania  and  the  great  hardship 
that  will  be  imposed  upon  the  local  communities  by  leaving  the 
roads  in  an  unfinished  condition. 

He  pointed  out  that  unless  the  National  Highways  Coun- 
cil recedes  from  its  present  position,  road  construction  in 
Pennsylvania  will  practically  cease  until  after  the  war. 

Doubtless  our  readers  were  equally  amazed  when  they 
read  in  the  daily  papers  that  the  War  Industries  Board  had 
limited  next  year's  manufacture  of  motor  trucks  to  25  per 
cent  of  last  year's  output.  Thus  between  these  two  national 
boards  not  only  is  road  improvement  brought  to  a  standstill, 
but  an  end  is  put  to  the  making  of  new  rolling  stock  for 
highway   haulage. 

We  are  told,  of  course,  that  we  should  voice  no  protest 
and  be  patriotic.  But  must  we  be  idiotic  in  order  to  qualify 
as  patriots?  The  Labor  Board  tells  us  the  country  needs 
a  million  more  workmen.  The  War  Board  is  preparing  to 
double  or  triple  that  shortage  by  drafting  another  million 
or  two.  Then  along  come  two  other  boards  and  virtually 
tell  us  that  highway  transportation  is  not  a  necessity.  At 
the  same  time  a  fifth  board  is  robbing  every  other  industry 
of  steel  in  order  to  build  ships  four  times  faster  than  they 
are  being  sunk.  In  spite  of  unceasing  protests  against  the 
conduct  of  the  war  without  a  co-ordinating  central  head,  a 
year  and  a  half  of  war  finds  us  still  headless  in  that  respect. 
No  one  has  yet  seemed  to  see  that  distinctions  between 
"economic  necessity,"  "war  necessity,"  and  "bare  necessity." 
In  fact  no  definition  of  any  sort  of  "necessity"  has  been 
framed  by  government  boards.  Hence  we  have  candy  shops 
that   have    been    allowed    three-fourths   their   normal    quota 


of  sugar,  and  motor  truck  factories  allowed  but  one-quarter 
their  quota  of  steel.  Building  material  makers  have  been 
forced  to  reduce  their  output  by  half,  but  fancy  button 
makers  are  permitted  to  go  along  on  a  75  per  cent  basis. 
Dry  goods  stores  report  almost  no  dimiuntion  in  sales,  but 
the  sellers  of  brick  have  almost  shut  up  shop.  In  short, 
the  producers  of  durable  and  useful  wealth — buildings,  high- 
ways, etc. — have  been  asked  to  quit  almost  completely; 
while  the  producers  of  useless  wealth  that  melts  in  the 
mouth  or  bedecks  the  back,  have  been  allowed  to  produce 
with  little  let  or  hindrance. 

More  than  half  a  century  ago  Herbert  Spencer,  the  Eng- 
lish philosopher,  wrote:  "Men  deck  their  minds  as  they  do 
their  bodies,  in  the  prevailing  fashion."  Evidently  there  has 
been  little  change  since  that  was  written.  The  minds  of 
most  men,  even  among  those  called  educated,  are  still 
decked  with  frivolities;  and  the  science  of  economics  re- 
mains to  them  as  vague  as  the  inscriptions  on  the  tomb  of  a 
Ptolemy. 


Herbert  Hoover  Tells  Ho\v  to  Re- 
duce the  Cost  of  Farm  Produce 
by  Motor  Trucking 

The  retail  prices  paid  by  the  consumer  of  farm  products 
usually  average  double  the  prices  received  by  the  farmer. 
This  is  true  even  where  the  haul  is  relatively  short.  One  of 
the  causes  of  this  uneconomic  condition  is  the  high  cost  of 
haulage  over  poor  roads.  Perhaps  even  more  serious  is  the 
spoilage  of  perishable  foods.  At  a  recent  conference -of  the 
Highways  Transport  Committee  of  the  Council  of  National 
Defense,  Herbert  Hoover  said  that  half,  our  perishable  food- 
stuffs are  wasted,  largely  through  lack  of  efllcient  trans- 
portation. He  regards  fast  motor-truck  express  service  as 
being  one  solution  of  the  problem  of  securing  fresh,  low- 
priced  farm  products.  Moreover,  the  use  of  tractors  for 
farm  plowing,  tilling,  etc.,  coupled  with  the  use  of  motor 
trucks  for  hauling  from  tlie  farm  to  market  or  to  railway 
stations,  will  eliminate  most  of  the  draft  horses.  These 
animals  eat  the  crops  of  millions  of  fertile  acres,  and  they 
eat  every  day  of  the  year,  although  they  do  not  average 
three  working  hours  daily.  Hence  the  elimination  of  horses 
will  reduce  the  cost  of  food  by  adding  greatly  to  the  acreage 
of  soil  used  to  produce  food  for  men. 

We  may  add  that  if  motor  truck  express  charges  are  to 
be  reduced  to  a  minimum,  it  will  be  necessary  not  only  to 
build  good  highways,  both  in  country  and  city,  but  to  restrict 
trucking  competition.  It  may  come  about  that  Uncle  Sam 
himself  will  control  express  trucking  even  as  he  now  con- 
trols the  railways  ^nd  the  railway  express  companies. 
Certainly  it  will  be  an  economic  blunder  to  permit  unre- 
stricted competition  among  motor  truck  expresses.  We 
have  only  to  look  at  the  high  cost  of  delivering  milk  over 
city  streets  to  see  what  comes  of  duplication  and  reduplica- 
tion of  milk  wagons  traveling  the  very  same  routes. 


Nearly  Half  a  Million  for  Horse 

Races  But  Nothing  for  City 

Pavements 

During  all  last  summer  horse  race  meets  were  held  in 
all  the  states  that  permit  gambling.  At  one  city  of  20,000 
people  there  were  daily  races  for  a  period  of  two  weeks, 
and  the  money  taken  in  by  the  promoters  totaled  .$400,000, 
or  $20  per  capita,  A  small  percentage  of  this  money  was 
paid  to  the  city  for  expenditure  on  its  parks.  Like  most 
small  cities,  its  streets  are  poorly  paved — most  of  them  be- 
ing unpaved.  Yet  if  some  public  spirited  committee  had 
attempted  to  raise  $400,000  by  popular  subscription  for 
street  improvements,  does 'any  one  imagine  that  even  one- 
tenth  that  sum  could  have  been  secured?  That  $400,000 
would  have  laid  a  pavement  18  ft,  wide  down  the  center  of 
20  miles  of  streets,  which  would  have  been  not  only  some- 
thing of  which  to  speak  with  pride,  but  a  cause  of  greater 
comfort,  health  and  economy  to  all  the  residents. 

At   the   very   time   that   these   people   were   "blowing   in" 
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nearly   half  a   million   dollars   on  horse   races,  the   federal  Ci-r,  nH'i  rH  iycition  of  Poniii  «tP»nr-v  if\r 

government    was    preventing    the   city    from    doing   needed  C»ranaarUlZatlOn  OH^OnSlStCnCy  lOF 

street  paving.     This  Is  Indeed  a  great  nation,  and  Its  folly  Asplialt 

Is  often  as  great  as  Its  other  greatnesses.  *^ 

In  a  paper  presented  at  the  last  annual  convention  of  the 

.American    Society    of    .Munloipal    Improvements    .Mr.    J.    R. 

Engineering     Societies    Should     Se-  Uraney.  General  Sales  Manager,  r.  S.  Asphalt  Refining  Co., 

"                        "           ,        .                          T-»     t_  I  •  calls  attention  to  the  many  varieties  of  penetration  required 

cure  Appropriations  for  Public  in  the  production  of  asphalt  for  paving  purposes  and  points 

__^        I         -y                AXT'K'      U    IV/f  °"'  ''^"^  standardization  of  consistency  for  the  material  is 

Works    Upon    WnlCn  Men  much  needed.     He  stated  that,  under  similar  conditions,  one 

IV/fnvr    Rf>    Kmnl*"»VPfl  ^''*  "'"  P""®'*^""  *  penetration  of  from  60  to  65,  while  another 

iViay    DC   nyUipiO^  CU  pKj.  ^^.j|l  require  a  penetration  of  from  55  to  60  or  65  to  70, 

Affat"  fhe  W^ar  ""'^  there  are  some  cases  where  a  penetration  of  from  70 

to  75  has  been  required  for  sheet  asphalt.  Penetrations  of 
.\n  engineer  odlcer  writes  from  Fiance  urging  his  brother  {rom  35  to  40,  40  to  45,  and  45  to  50  are  also  required, 
engineers  at  home  to  do  their  bit  toward  providing  useful  There  is  also  a  variation  in  penetration  requirements  for 
work  for  him  and  his  companions  as  soon  as  the  war  ends,  asphalt  to  be  used  in  asphaltlc  concrete,  but  these  variations 
He  points  out  that  it  takes  few  engineers  to  make  surveys  jo  not  cover  as  wide  a  range  as  the  asphalt  required  for 
tor  construction  purposes,  that  extensive  surveys  are  not  to  sheet  asphalt  work.  Penetration  requirements  for  asphaltlc 
be  made  In  a  moment,  but  that  extensive  surveys  must  be  concrete  range  from  60  to  65,  65  to  70.  70  to  75,  and  75  to  80, 
made  before  extensive  public  works  can  be  begun.  What  and  in  some  cases  between  80  and  90,  but  the  latter  is  de- 
are  the  engineering  societies  doing  to  secure  quick  action  in  manded  only  where  asphaltlc  concrete  carrying  a  goodly 
this  respect.     Local  engineering  societies  should  have  repre-  proportion  of  large-sized  stone  Is  used. 

sentatives  go  before  city  councils  to  show  the  necessity  of  Asphalt  to  be  used  in  asphaltlc  macadam  by  the  penetra- 

promptly  beginning  surveys,  plans,  etc.,  for  extensive  street,  tion  or  pouring  process,  is  likewise  called  for  by  the  trade 

sewer  and  water  works  improvements.     Articles  should  be  ^  penetrations  ranging  from  90  to  190,  and  there  are  many 

written  by  engineers  for  the  local  newspapers,  pointing  out  instances  where  penetration  of  from  80  to  100  is  demanded, 

both  the  economic  need  of  such  improvements  and  the  pa-  Probably  the  penetration  that  is  more  largely  required  aver- 

triotic  incentive  that  should  actuate  the  public  now  in  pro-  ^ges  from  110  to  120.     The  specifications  of  the  New  York 

viding  useful  work  for  the  soldiers  who  will  soon  return.  gjate  Highway  Department  require  from  140  to  190. 

Similarly   the   national   engineering   societies   should   take  The   company   with    which    Mr.   Draney   Is   connected   has 

steps  immediately   to  arouse  Congress  and  the  state  legis-  manufactured  asphalt   in  the   last    few   years   with   penetra- 

latures.      I'nless    intelligent    and    aggressive    leadership    la  tjons  covering  a  total  aggregate  of  twenty  different  ranges 

now  taken  in  a  campaign  for  intensive  public  works,  we  shall  for  sheet  asphalt,  asphaltlc  concrete  and  asphaltlc  macadam, 

soon   find   ourselves   surrounded   by   thousands   of   idle   men  Quite  often  the  refinery  may  have  on  hand  a  stock  of  asphalt 

eager  to  work  but  with  no  work  ready  for  them  to  do.  ^vith  several  ranges  of  penetration,  but   will  be  out  of  the 

There   Is  nothing  novel   in  suggesting  that  the  returning  penetration  required  for  that  "hurry  up"  order  which  must 

soldiers  should  be   provided   with  work  of  a   public  nature.  j,g  shipped  immediately.    According  to  .Mr.  Draney,  there  are 

It  is  generally  conceded  that  this  will  be  both  tJie  economic  bm   three   varieties  of  penetration  necessary   for  sheet   as- 

and  the  patriotic  thing  to  do.    The  trouble  is  that  every  one  phau,  one  for  streets  with  heavy  traffic,  one  for  moderate 

is  waiting  for  George  to  do  it.     Well,  George  is  as  good  a  traffic  and  one  for  light  traffic.     The  same  may  be  said  of 

name  as  any  for  us  members  of  engineering  societies.     Let  asphalt    required    for    asphaltic    concrete    pavements.      For 

us  all  be  Georges,  and  go  to  it — now.  asphaltic  macadam  there  should  be  one  range  of  penetration 

and   that   a  fairly   wide   one.     For   example,  a   specification 

giving  a  penetration  requirement  of  from  100  to  125  would 

Snow  Removal  from  Connecticut  Highways  cover  the  matter  properly  and  effectively. 

About  $40,350  was  expended  by  the  State  Highway  Depart- 

ment  of  Connecticut  for  removal  of  snow  from  trunk  high-  Rental    RateS   fOf   Road    Equipment 

ways  In  1917.    The  mileage  covered  was  970,  and.  including  ^      *^ 

the   cost    of   equipment,   the   rate   per   mile   was   about   $45.  The  following  tabulation,  showing  rental  paid  for  use  of 

I'nder  normal  conditions  of  snowfall,  this  cost  would  prob-  equipment  in  state  highway  work  done  in   1917.  under  the 

ably  have  been  less  than  $30  per  mile.     For  its  work  last  new   form  of  contract   employed   by   some  highway   depart- 

winter   the   Department   planned   to   use  18   snow   plows  at-  ments.  is  taken  from  a  bulletin,  "Highway  Cost  Keeping." 

tached  to  the  front  of  its  trucks.     These  proved  inadequate  issued    recently   by    the    U.    S.    Office   of   Public  Roads   and 

because  of  the  unusual  winter  conditions,  and  were  supple-  Rural  Engineering: 

mented  by  tractors  and  road  machines.    On  heavily  traveled  •^'\,^X.'''pir.'lay''!".''.^°!'.'".\  .''^''''^  ".*.?''*^^^^^^^                         3.uo 

routes  practically  all  the  snow  was  removed  while  on  niLxed      Cruslier.  including  .-icreens  and  bins,  per  day   8.00 

traffic  roads  about  3  in.  were  left.     For  the  coming  winter  ^:Z:;}%,^%^^J^^rL^J%^^;,--:^_^'::^  ,1'^ 

20  more  snow  plows  for  use  on  the  front  of  trucks  have  been      .steiim  roller,  per  lin.  ft.  of  roadway  rolled 06 

added  to  the  equipment.  As  the  result  of  experiments  made  Steam  shovel  while  neces.'.arlly  on  «lle  of  work,  per  day....  20.00 
In  1917,  the  Department  found  that  the  removal  of  snow  Small  tools,  such  as  lanterns,  rubber  boots,  axes,  ham- 
decreased  the  cost  of  bituminous  repairs  the  following  mers,  drills,  bars,  plows,  harrows,  picks,  shovels,  wheelbar- 
spring  by  at  least  one-third.  This  is  accounted  for  by  the  rows,  and  the  like  character,  were  included  in  the  unit 
fact  that  when  the  snow  is  not  removed  the  truck  traffic  is  .  prices  paid  lor  completed  work.  The  work  was  done  by  a 
confined  to  one  or  two  sets  of  rut.';,  which  ultimately  are  contractor  who  was  paid  a  fixed  amount  for  units  of  work 
worn  into  the  road  surface.  completed.     All  materials  used  were  palij  for  by  the  state. 

^^^_  The    contractor    furnished    coal.    oil.    repairs,    etc.,    for    bis 

equipment  at  the  rentals  quoted  above. 

Bill   Before  Congress  for  National  System  of  Hlghv\?ays. —  xhe  following  table  shows  the  rental  paid  for  use  of  equlp- 

A  bill  was  introduced  in  the  Senate  on  Oct.  17  providing  for  ment  on  state  highway  work  In  1917;  the  work  was  done  by 

the  "taking  over.  Improvement,  relocation,  construction  and  state   forces,  the  equipment  being  owned  by  towns  and  in- 

malntenance  of  a   system   of  national   highways    and    state  dividuals: 

highwavs.    designed    to    facilitate    the    movement    of   troops,      RoIUt.-*.  at)out  :5-h.p..  per  day  $5.00 

equipment,  munitions  and  supplies,  and  to  promote  tlie  gen-  'H;r.or;f-rXno>''an^d7n^^^^^                                                      1:8S 

eral  welfare  of  the  people  of  the   iTnlted   States.       The  bill      .Mixer  and  Hteani  entrlne,  per  day 6.00 

carries  an   appropriation   of   $100,000,000   for    defraying    the  ^\!:;,*-,^,™n:,n^T„p'].''c^'.y.dr.ver,fuei.- Wpa^^^^^^                                     '"' 

expenses  of  taking  over.  Improving,  constructing  and  main-  neieusarv.   per  day 18.00 

taining  the  highwav  svstems.  •""'■'•  l>'><rl<'"»t  and  repairs  furnished  by  state. 
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The  Measure  of  a  Good  Road  ^ 

By   ROBERT  C.  BARNETT. 

Economic    Engineer.    Highway    Transport    Committee, 
Jefferson   City,   Mo. 

The  term  good  road  is,  at  the  present  time,  used  in  a 
rather  loose  way  and  really  conveys  little  or  no  definite 
meaning,  because  good  is  only  a  relative  term  and  requires 
some  standard  of  excellence  with  which  to  make  a  com- 
parison. If  such  a  standard  of  excellence  could  be  spe- 
cifically defined  and  a  method  devised  for  comparing  the 
goodness  or  badness  of  various  roads  with  this  standard,  a 
precise  meaning  could  be  given  to  the  expression  good  road, 
and  it  would  then  become  possible  to  tell  to  what  extent  any 
particular  road  is  good.  This  standard  of  excellence  should 
be  such  that  no  actual  road  could  surpass  it.  For  a  road 
connecting  two  fixed  termini,  such  a  standard,  considered 
from  the  operating  standpoint,  is  fixed  by  the  following 
geometrical  and  physical  limitations: 

1.  A  straight  line  is  the  shortest  distance  between  two 
points. 

2.  A  plane  of  uniform  slope  is  the  best  grade  between 
two  elevations. 

3.  A  hard,  smooth  surface  offers  less  tractive  resistance 
than  a  rough  or  yielding  surface. 

In  other  words,  the  standard  road  is  the  one  that  requires 
the  expenditure  of  the  least  energy  per  unit  load  in  getting 
over  it.  Any  other  road  between  the  two  selected  termini 
would  involve  the  expenditure  of  more  energy  in  traveling 
over  it.  This  needed  excess  of  energy  divided  by  the 
energy  required  for  the  standard  road  is  the  measure  of  the 
goodness  or  badness  of  the  road  in  question.  The  smaller 
this  ratio  the  better  the  road.  For  a  definite  measure,  this 
ratio  must  be  expressed  in  terms  of  the  characteristics  of 
the  road.  This  may  be  done  as  follows: 
Let 

St.  =  straight  line  distance  between  termini. 

Si  =  Actual  distance   by   the  road. 

Eo  =  Elevation  of   the    lower   terminus. 

El  =  Elevation  of  the   upper   terminus. 

Es  —  Elevation   of  any  intervening:  summit. 

Ev  =^  Elevation  of  any   intervening  valley. 

To  =  Tractive  resistance  of  ideal  pavement. 

T]  =  Tractive  resistance  of  actual  pavement. 
The  work  done  per  ton  of  load  in  overcoming  the  tractive 
resistance  of  the  actual  road  is  S,  Tj.  The  work  done  in 
lifting  the  unit  load  through  the  successive  heights  is  2000 
(Es,  — E„  +  E,,  —  Eri  +Ej  —  Ev,)*.  The  sum  of  these 
two  quantities  is  the  total  work  done  per  ton  of  load  on  the 
actual  road.     If  this  sum  be  represented  by  W,,  the  result  is 

W,  =  S,  T,  +  2000  (E,  —  E„  -f  2Es  —  SE,) 
For  the  ideal  road,  let  W„  represent  the  total  work  to  be 
done,  then  we  have 

W„=  S„T„+  2000  (E,—  E„) 
The  required  excess  of  energy  ^  W,  —  W„. 
W,— Wo 

Then^ is  the  measure  of  the  goodness  of  the  road  in 

W„ 
question,  or,  in  other  words,  this  ratio  becomes  the  charac- 
teristic  coefficient.     By   substituting   the   above   equivalents 
in  this  ratio,  we  have 

Wi  —Wo      SiTi+2000(Ei— Eq+SEb— SEv)— 2000(Ei— Eo)— SoTo 
Wo       ""  So  To  +  2000  (El  —  Eo) 

_S.T,-SoTo+2000(2Es-SE.)  _    (  the  characteristic 
SoTo  +  2000(Ei  — Eo)         "    t      coefficient. 
It   is   necessary   to   distinguish   between   this    ideal    road, 
which  is  proposed  as  a  basis  for  comparison,  and  the  eco- 
nomic road  that   should  actually  obtain  in  practice.     It   is 
readily  seen  that  with  certain  topographical  conditions,  the 

*The  form  of  this  e.xpression  varies,  depending  upon  the  order 
of  sequence  of  E«i  and  Bvi  and  the  relation  of  Eo  and  Ei  to 
series.     There  are  four  cases,  as  follows: 

1.  Evi  precedes  Esi  and  is  lower  than  Eo,  while  Ei  is  lower 
than  the  final  summit.     Then 

Lift  =  2  Es  —  2  Ev. 

2.  Evi  precedes  E»i  and  is  lower  than  Eo,  while  Ei  is  higher 
than  the  final  sag.     Then 

Lift  =  2   E.i  —  2  Evi    -f-  El. 

3.  Esi  precedes  Evi  and  is  higher  than  Eo,  while  Ei  is  lower 
than  the  final  summit.     Then 

Lift  =  2  E,  —  2  Ev  —  Eo. 

4.  Esi  precedes  Evi  and  is  higher  than  Bo,  while  Ei  is  higher 
than  the  final  sag.     Then 

Lift-  =  2  Es  —  2  Ev  -f  El  —  Eo. 


expense  of  building  an  air  line  road  with  a  uniform  gradient 
between  two  given  termini  might  easily  become  so  great  as 
to  be  prohibitive — or  in  other  words,  it  would  be  better 
economy  to  pay  more  for  wasted  energy  than  to  pay  inter- 
est on  an  excessively  large  investment  for  grading.  There 
is  a  relation  between  the  interest  charge  and  the  annual 
cost  of  energy  such  that  as  one  decreases  the  other  in- 
creases, though  not  necessarilj;  in  the  same  proportion.  It 
this  relation  between  these  two  factors  can  be  expressed  in 
definite  terms,  it  is  possible  to  determine  the  range  of  econ- 
omy and  the  point  at  which  the  greatest  economy  occurs. 
Although  our  present  data  are  incomplete,  yet  an  approx- 
imate relation  can  now  be  formulated  and  a  tentative  con- 
clusion reached. 

For  the  present  discussion  it  is  sufficiently  accurate  to 
say  that  the  annual  cost  is  the  sum  of  the  interest  charge 
and  the  annual  cost  of  the  energy  required  to  operate  over 
the  road.  This  energy  is  expended  in  two  ways;  viz,  over- 
coming tractive  resistance  and  lifting  the  load  through  ver- 
tical distances.     The  interest  charge  arises  from  the  invest- 


Phnti  of  Uniform  5 I  ope 


Profile  of  Roact 
Fig.   1. 

ment  that  is  required  to  reduce  tractive  resistance  and  the 
height  of  lift.     Let: 

Ca  =:  total  annual  cost. 

Ir  =  interest   charge    for    reducing   resistance. 

Br  =:  cost  of  energy    to   overcome   residual  resistance. 

IL  ^  interest  charge  for  reducing  height  of  lift. 

El  =:  cost  of  energy  to  overcome  residual  lift.     Then 

Ca   =  Ir  +  Er   -f  IL  -f-  EL. 

The  next  step  is  to  express  these  factors  in  terms  of  a 
common  variable.  This  can  be  done  from  the  following 
considerations: 

Tractive  resistance  can  be  decreased  by  putting  in  pave- 
ment of  increasing  degrees  of  hardness,  smoothness,  and 
durability.  The  cost  of  this  pavement  varies  roughly  as  its 
hardness  and  resistance  to  wear.  Then  the  cost  also  varies 
inversely  as  some  function  of  the  tractive  resistance  T  (see 
Fig.  2),  and  the  interest  charge  varies  directly  as  cost, 
therefore 


a 


T" 


where  a  is  constant. 


The    energy    required    to    operate    varies    directly    as   the 
residual  tractive  resistance,  or 

Er  =  b  T,  where  b  is  a  constant. 
The  cost  of  the  "lift  reduction"  varies  directly  as  the 
amount  of  grading  required.  If  h  measures  the  amount  of 
lift  reduction  and  L  the  residual  lift,  then  L  +  h  =  Lo  =  the 
original  lift  which  is  a  constant  for  any  particular  case. 
Also   h  =  L„  —  L. 

The  cost  of  grading  Is  closely  represented  by  the  expres- 
sion, Ah=  +  Bh^  where  A  and  B   are  constants.     This   may 
be  expressed  in  terms  of  the  residual  lift.    Thus 
Cost  of  lift  reduction  =  A  (L„—L)= -f  B(L„  —  L)  = 
Interest     charge     Il  =  c[A(L„  — L)" -f  B(L„— L)'] 
The     energy    required  to  overcome    the     residual     lift     l^ 
varies  directly  as  L,  therefore  the  annual  cost 
EL=:eL,  where  e  is  a  constant. 
The  expression  for  total  annual  cost  now  becomes 
a 

C.,=: hbT  +  c  [A  (L„  — L)=  +  B(L„  — L)=]  -f  eL 

T° 

The   desideratum   is   so    to   adjust   these   factors   that   Ca 

may  become  a  minimum.     The  usual  process  of  placing  the 

first  derivative  equal  to  zero  may  be  followed.    As  there  is 

no    relation    between    tractive   resistance    and    residual   lift. 
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T  Is  independeut  of  L.     Therefore    it   will  be  necessary   ti 
ilifferenliale   separately    with    r<'s|).Mi    in    T    'iiid    L. 
St'lectinB   T   first. 


dC. 
dT 

b  = 


•  na  i 


Now     the    relation    between    interest    charse    and    cost    of 

1, 
energy  for  traction  is  represented  by  the  ratio  — 

Kr 

Kor  the  minimum  annual  cost,  tliis  expression  becomes 


Er'     bT 


bT""^' 


bT- 


l-'rom  Fig.  2.  it  is  seen  that,  in  the  light   of  our  present 
information,  n  may  be  taken  as  unity,  therefore  I,=  Er. 

In   this  instance   the  criterion   reduces   to  a  very   simple 
.  'atement  as  follows: 

The   maximum    economy   for   any   particular  type   of   pave- 
ment   obtains   when    the    annual    cost   of   energy    equals   the 
interest  charge  for  the   pavement. 
Next  considering  I-  as  the  independent  variable,  we  have 
d  C. 

=  — 2c  A    (L.,  — L)  — :!cB      (U>~-hy-^0 

d  L 

or  2  A   (U— L)  =3  B   (L,.— L) 
2  A  2  A 

or  ^  L„  —  L  and  L  =  L„ 

3  B  3  B 

The  relation  between  interest  charge  and  cost  of  energy 

jor  lift   is  represented   by   the  ratio  ^ 

Kor  a  minimum  annual  cost  this  becomes 


A  (L„  -  D'  4-  B  (U  —  L)" 


[ 


eL 


.]u-(u-H)iVBiL-(,..-|i)! 


2  A 
^•~3  B 


1 


This  is  the  relation  sought.  It  is  not  expressible  in  a 
simple  statement  and  only  acquires  its  fullest  significance 
tor  a  particular  case  for  which  the  constants  have  been 
determined. 

Reverting  to  the  criterion  that  has  just  been  established 
for  the  economic  type  of  pavement,  we  shall  see  that  this 
principle  furnishes  a  basis  for  determining  approximately 
the  kind  of  pavement  that  will  be  most  economical  for  a 
given  density  of  traffic.  If  a  pavement  9  ft.  wide  be  selected 
as  a  unit,  then  a  mile  length  will  contain  n,2S0  square  yards. 

Let  p  =  cost  per  square  yard  of  pavement. 

Then  5.280  p  =  co8t  per  mile. 

.■\nd   26-1   p  =  interest  charge  at  .".   per  cent. 

Again  let  T  =  tractive  resistance  per  ton  of  load. 

Then  ."«.280  T  =^  work  done  per  ton  of  load. 

Assuming    that    the    engine    can    develop    a    horsepower- 
hour  on  a  consumption  of  1.2  pints  of  gasoline,  the  gasoline 
5280     T 

required  = X  1.2  =  . 0032  T  pints.  Cost  of  gasoline  at 

1.980.000 
:i  ct.  per  pint  =  .03  X  .0032T  =  .000096  T  dollars  per  ton  of 
load.     If   I.  =  annual   load   in   tons,   then  annual  cost  of  en- 
ergy =  .00009t;TL.    According  to  the  foregoing  criterion  for 
maximum   economy,    we   have 

264p  =  .00009f.  T  I.. 

Tor  any   particular  type  of  pavement    ()  and   T   would  be 


nown,  so  that  L  may  be  computed.  Solving  the  equation 
;or  L.  we  have 

264p      p  p 

L:= =  2.750,000  —  tons   per  annum. 

.000096  T  T 

The  economic  density  per  diem  would  be 
2,750,000  p 

1/  = —  =  7534.2  —  tons. 

365  T 

This  relation  Is  set  forth  graphically  In  Fig.  'i.  If  there 
were  a  rigid  relation  between  the  price  of  pavement  and 
Its  tractive  resistance.  It  would  be  helpful  to  replace  p  with 

70 
its    tentative     equivalent. — ,    and    the  equation    would  then 

T, 
become — 

70 
L'  =  7534.2  X  — 
T= 
A  single  curve  showing  the  economic  tractive  resistance 
for  any  given  density  of  traffic  would  thereby  result.     How- 
ever,  owing  to  the   lack   of  such   rigid   relation,   it   did   not 
seem   desirable   to  plot   such  a   curve.   Prices  will  fluctuate 
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from  time  to  time  and  vary  with  different  localities  and. 
therefore,  will  conform  only  approximately  with  the  curve 
set  forth  in  Fig.  2. 

In  order  to  make  clearer  the  application  of  the  foregoing 
principles,  an  example  taken  from  actual  practice  will  be 
given.  For  this  purpose  a  short  stretch  of  the  road  which 
It  is  planned  to  make  over  for  a  part  of  the  state  high- 
way connecting  St.  I.ouis  and  Kansas  City  will  be  selected, 
as  the  needed  information  is  largely  at  hand.  This  stretch 
of  road  extends  westward  from  Jefferson  City  to  the  Coun- 
try Club  and  is  locally  known  as  the  South  Branch  of  the 
Ten-Mile  Drive.  .At  present  it  carries  considerable  traffic, 
largely  the  passenger  type.  After  improvement  and  con- 
necting up  with  the  various  other  links  of  the  state  high- 
way, it  will  carry  more  traffic  and  a  larger  percentage  of 
It  will  be  motor  trucks  hauling  freight.  The  characteristics 
of  the  road  are  given  In  the  following  table: 
t.xbi-f;  of  pata. 

Kii.strrn  terminus  =  Mlrliitran  \sv.  .inci  St.  Mary's  Blvd. 
Wo.ttiTii  tormlnu.i    -     Sunimlt  In  ro.id  opposite  club  house. 
Air  lino  (llsinnro  ~  ll'.i'.dft  ft.,  approximately  (scaled), 
ni.stanco  liy  roiid   =  L'L'.B22  ft.   (ii)en.<>ured). 
Kxcess  dlatanre  =  2.922  ft.  =  14.9  per  cent. 
Total  curvature  =  890'   (34  curves  In  4.28  miles). 
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other  changes  in  aligrnment  ^  11  bends,  total  deflection  =; 
41''  +. 

lAjngest  tangent  =  735  ft. 

Steepest  grade  —  7  per  cent,  length  200  ft. 

Difference  of  elevation  between  termini  =  210  ft. 

Total  height  of  lift   =:   337   ft. 

Excess  lift  =  127  ft.,  =:  60.5  per  cent. 

Estimate  of  average  daily  traffic  based  upon  counts  made  by 
writer  =  200  tons. 

Gravel  pavement  (worn)  tractive  resistance  =  110  lb. 

Gasoline  consumed  per  ton  of  load  —  3  pints. 

Applying  the  formula  for  characteristic  coefficient,  we 
find  that  the  goodness  of  this  piece  of  roadway  thusly  meas- 
ured is 

22,522  X  110  —  19,600  X  6  +  2,000  X  127 
c.c  = 


19,600  X  6  +  2,000  X  210 


2,105,820 


-^3.92  nearly. 
537,600 

In  other  words,  the  excess  or  waste  energy  is  392  per  cent 
of  that  required  for  traveling  over  the  standard  or  ideal 
road.  In  this  determination  no  account  has  been  taken  of 
the  possibility  of  utilizing  the  momentum  acquired  on  a 
descending  grade  to  carry  the  car  up  the  next  ascending 
grade,  because  the  momentum  of  highway  vehicles  is  de- 
stroyed to  a  large  extent  by  the  roughness  of  the  pavement 
and  by  the  slacking  up  in  approaching  other  vehicles  or 
intersecting  highways.  This  loss  of  momentum  is  readily 
apparent  on  a  gravel  pavement,  because  the  tractive  re- 
sistance is  about  OH  a  par  with  that  of  a  4  per  cent  gradient, 
and  because  the  unevenness  of  the  surface,  after  the  pave- 
ment has  been  used  awhile,  becomes  quite  a  factor  in  re- 
ducing momentum.  On  account  of  this  loss  of  momentum, 
it  becomes  necessary  to  use  additional  energy  to  surmount 
the  successive  summits.  It  is  this  process  of  going  up 
hill  to  get  down  again,  of  lifting  the  load  over  a  series  of 
intervening  summits  that  calls  for  additional  gasoline.  It 
this  excess  lift  of  127  ft.  could  be  reduced  to  zero  by  a 
change  in  alignment  or  a  grading  off  of  summits,  there 
would  result  for  this  particular  case  an  annual  saving  of 
?337  as  may  be  seen  from  the  following  simple  computa- 
tion: 

Work  done  per  ton  of  load  under  present  conditions  = 
2000  X  127  =  254000  ft.  lb. 

Assuming  as  before  that  1.2  pints  of  gasoline  are  required 
per  horsepower-hour,   we  have — 

254000 

Gasoline  required   per  ton  of  load  = X  1.2^.154 

1,980,000 
pints  for  an  average  daily  traffic  of  200  tons. 

Consumption  of  gasoline  ^  200  X  .154  =  30.8  pints  per 
diem.     Daily  cost  at  3  ct.  per  pint  =  .03  X  30.8  =  J0.924. 

Annual  cost  under  present  conditions  ^  365  X  .924  = 
$337.26.  At  5  per  cent  this  would  pay  interest  on  an  in- 
vestment of  $6,745.  -which  in  turn  would  defray  the  expense 
of  excavating  20.000  cu.  yd.  of  earth.  However,  with  the 
apcepted  alignment  this  yardage  would  not  be  sufllcient  to 
eliminate  very  much  of  the  excess  lift. 

The  loss  of  energy  due  to  tractive  resistance  will  next 
be  considered.  Observations  made  by  the  writer  indicate 
that  the  present  pavement  has  a  resistance  of  110  lb.  per 
ton  of.  gross  load.  For  a  gravel  pavement  in  flrst-class  con- 
dition the  tractive  resistance  is  lower,  averaging  80  lb.  per 
ton.  However,  the  resistance  of  a  hard,  smooth  pavement 
like  brick  or  concrete  is  much  lower.  For  example,  a  con- 
crete pavement  has  an  average  resistance  of  28  lb.  per  ton 
of  load.  Comparing  a  gravel  pavement  in  good  condition 
with  the  concrete  pavement,  we  see  that  the  daily  saving 
of  energy  would  be,  for  a  traffic  density  of  200  tons,  as  fol- 
lows: 

(80  —  28)  X  200  X  22522  =  234.228,800   foot  pounds. 
234,228,800 

Gasoline   saved  = X  1.2:=  142   pints,  nearly. 

1,980,000 

Daily  saving  142  pints  at  3  ct.  =  $4.26. 

Annual    saving  =  365  X  4.26  =  $1,554.90. 

This  saving  capitalized  at  5  per  cent  represents  the  in- 
vestment that  would  be  allowable  for  concrete  pavement. 
This  amounts  to  $31,098.  At  $1.40  per'  square  yard  for  6- 
in.  concrete  slab,  the  cost  of  the  hard  surface  pavement  9 
ft.  wide  would  be  1.40  X  22522  =  $31,531.     This  is  but  little 


more  than  the  allowable  investment.  A  slight  growth  in 
traffic  density  would  make  up  the  difference. 

On  comparing  the  above  result  with  Fig.  3.  it  will  be 
noted  that  there  is  an  apparent  discrepancy  between  this 
result  and  that  indicated  by  the  chart.  This  is  due  to  the 
fact,  as  will  be  readily  seen  by  referring  to  Fig.  2,  that 
the  cost  of  concrete  pavement  falls  considerably  below  the 
general  average  as  indicated  by  the  curve.  Where  close 
comparisons  are  desired,  it  will  be  necessary  to  perform 
computations  similar  to  those  indicated  in  the  example. 

The  tentative  character  of  the  conclusions  presented 
should  be  borne  in  mind.     With  the  accumulation  of  more 
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data,  it  will  become  possible  to  reach  closer  approxima- 
tions to  the  final  truth.  Eventually  it  will  become  possi- 
ble to  replace  the  first  cost  of  pavement  with  its  ultimate 
cost.     This   will   lead   to  greater  consistency   in  results. 


Concrete  Bases  for  Bituminous  Pavements 

In  a  discussion  at  the  recent  convention  of  the  American 
Society  of  Municipal  Improvements,  Mr.  Wm.  A.  Hansell. 
Jr.,  superintendent  of  public  works  for  Fulton  County. 
Georgia,  called  attention  to  the  necessity  of  giving  proper 
care  to  the  construction  of  concrete  bases  for  bituminous 
and  other  pavements.  The  specifications  for  the  Fulton 
County  work  require  the  use  of  the  roller,  as  first  intro- 
duced in  Macon,  and  the  securing  of  what  is  a  reasonably 
good  concrete  road  for  the  base.  The  expense  of  this  im- 
provement is  comparatively  small  and  the  increase  in  the 
strength  of  the  base  is  very  great.  By  the  use  of  the  small 
wooden  roller  with  bolt  heads,  or  spikes  projecting,  the  re- 
quired roughness  for  bituminous  concrete  is  obtained.  If 
the  finish  is  to  be  bituminous,  the  green  concrete  is  given 
a  bituminous  paint  coat,  similar  to  that  required  by  the 
county  in  finishing  concrete  pavement. 

Army  of  1,500,000  Requires  40,803  Trucks. — The  amount  of 
motorized  equipment  required  for  an  army  of  1,500.000  men, 
according  to  a  statement  of  the  Motor  Transport  Corps,  in- 
cludes 40.803  army  motor  trucks.  24.250  motorcycles.  7,905 
passenger  automobiles,  and  6.598  ambulances.  The  total 
number  of  men  required  is  154,774.  Of  this  number,  42,298 
are  officers.  30,000  non-commissioned  officers  and  34,000  me- 
chanics. 
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Vertical  Movements  in  Concrete 
Pavements  and  a  Sug^esti()n  To- 
wards Their  Elimination* 

By  J.  W.  LOWKLL. 
Division  Engineer,  rnlversal  Portland  Cement  Co. 
Early  In  the  fall  of  1»16.  the  Universal  Portland  Cement 
Co.  undiTtook  to  learn  something  definite  about  the  ver- 
tical movements  of  concrete  pavements.  A  stretch  of  newly 
built  concrete  pavement  3.325  ft.  long  and  4it  ft.  wide  with 
Integral  curbs  on  Sheridan  J{d..  Kenilworth.  111.,  was  selected 
for  the  study.  This  pavement,  7  in.  thick  at  the  sides  and 
10  In.  thick  at  the  center,  was  of  2-course  construction,  the 
base  being  a  1:2>^:4  pebble  concrete  and  the  wearing  course 
a  2-ln.  thickness  of  1:1: IH   concrete  in  which  the  coarse 
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cautions  were  taken  In  the  hardening  of  the  concrete  and 
the  last  slabs  were  38  days  old  before  the  air  temperature 
dropped  to  32°   F. 

Work  Preparatory  to  the  Inveatlgatlon. — Just  after  com- 
pletion of  the  pavement  preparations  were  made  for  obser- 
vation and  study  of  the  vertical  movements  of  each  of  the 
87  slabs,  by  a  series  of  precise  levels  at  three  points  on  each 
side  of  every  expansion  joint.  The  points  were  taken  K  ft. 
from  each  curb  and  at  the  center,  and  permanently  located 
by  small  holes  drilled  in  the  steel  Joint  plates.  The  Initial 
reading  of  each  joint  accurate  to  0.1  mm.  was  taken  on 
Oct.  27  and  28,  1916,  and  each  reading  reduced  to  0  eleva- 
tion, so  that  future  readings  would  indicate  directly  the 
movement  above  or  below  the  original  position.  Subse- 
quent readings  were  not  taken  at  definite  intervals,  but 
when  weather  conditions  indicated  that  a  change  might 
be  taking  place  In  the  subgrade.  Eight  readings  were  taken 
during  the  12  months,  the  last  on  Oct.  25  and  26,  1917. 
Coincident  with  each  reading  a  survey  was  made  of  the 
pavement  surface  and  all  cracks  appearing  were  plotted. 

Temperature  and  rainfall  data  were  collected  from  the 
United  States  Weather  Bureau  Station  at  Chicago.  15  miles 
south  of  the  pavement  and  in  the  same  relative  position 
with  reference  to  Lake  Michigan. 

After  collecting  this  mass  of  data,  there  being  4.176  ele- 
vations taken  each  requiring  three  rod  readings,  much  work 
was  necessary  to  put  it  into  such  shape  that  would  permit 


aggregate  was  granite  from  »4  to  %  in.  Reinforcement 
consisted  of  No.  27  Triangle  Mesh,  wire  fabric,  weighing 
41  lb.  100  sq.  ft.,  placed  between  base  and  wearing  course. 
One-half-inch  round  steel  rods  14  ft.  long,  placed  trans- 
versely 12  in.  apart,  2  in.  above  the  bottom,  were  used  on 
the  east  half  of  the  street  as  extra  protection,  a  large  sewer 
ditch  having  been  built  along  this  side  for  the  full  length 
cf  the  improvement  two  years  prior. 

Character  of  Subgrade. — The  pavements  having  been  com 
jileted  before  dfciding  to  make  our  investigation,  we  were 
unable  to  make  borings  to  determine  the  character  of  the 
subgrade.  The  engineer  on  the  construction  did,  however, 
keep  observation  notes  of  the  general  appearance  of  the 
subgrade.  and  these  records  present  a  general  description 
of  the  character  of  at  least  the  surface  subgrade  soil.  These 
notes  were  checked  as  well  as  possible  by  scattered  borings 
along  the  sides  of  the  pavement  From  Slab  1  to  38,  the 
subgrade  may  be  described  as  a  spongy,  tough,  compact 
day;  from  39  to  55,  sand  loam  with  spongy  under  stratum 
and  compact  crust;  from  56  to  70,  clay  and  loam,  with  some 
fine  sand,  the  ground  being  spongy  with  sand  below;  and 
from  79  to  87.  the  south  end  of  the  pavement,  sand  greater 
than  3  ft.  in  depth. 

The  natural  lay  of  the  soil  was,  of  course,  broken  up 
under  the  east  half  along  the  sewer,  the  excavation  for 
which  was  about  2  ft.  in  from  tha  cast  edge,  from  8  to  10 
ft.  wide  and  16  ft.  deep.  The  subgrade  surface  appeared 
to  be  more  compact  on  the  west  than  on  the  east  half, 
which  was  badly  cut  up  and  rutted  by  teams.  The  ruts, 
however,  were  smoothed  out  as  well  as  possible  with  sand, 
gravel  and  earth  before  concrete  was  placed. 

The  pavement  was  well  built,  excellent  aggregates  being 
used   In  correct  proportions   and   well   mixed.     Proper  pre- 

last   annual   ronvi-ntlon   of   the 
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Fig.   2 — Effect    of    Rainfall    and   Temperature   on    Vertical 
Movement. 

of  study,  not  only  of  individual  slabs  but  of  groups,  and 
I  he  whole.  After  several  systems  of  grouping  were  tried 
the  one  shown  by  Fig.  1  was  adopted.  From  this 
form  army  combinations  were  made.  All  measurements 
and  computations  were  made  in  millimeters,  but  for  the 
text  of  this  paper  these  values  have  been  converted  into 
fractions  of  an   inch. 

Cracking  and  Deflection  of  Slabs. — Of  86  slabs.  56  cracked. 
Thirty-eight  which  cracked  deflected  at  one  or  both  joints 
more  than  7/16  in.  In  the  32-ft.  width  between  outside 
points,  18  less  than  7/16  in.  and  of  these  8  were  between 
3(,  and  7  16  in.,  while  4  slabs  having  as  great  deflection 
failed  10  crack.  Six  of  the  10  remaining  slabs  which  cracked, 
having  maximum  deflection  of  from  %  to  3/16  In.  evidently 
cracked  from  abnormal  settlement  of  a  portion  of  the  sub- 
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grade  below  the  original  level,  leaving  4  slabs,  one  o£ 
which  cracked  at  3/16,  one  at  5/16  and  two  at  9/32  in., 
which  defy  explanation,  unless  the  deflection  had  been 
greater  at  some  period  between  readings. 

Every  slab  reaching  a  deflection  of  more  than  7/16  in. 
cracked  and  there  were  38  out  of  86,  so  it  is  safe  to  assume 
that  such  deflection  in  32  ft.  of  width  is  sufficient  to  crack 
any  pavement  slab  of  this  width  built  in  accordance  with 
present  specification  and  practice.  It  is  also  evident  that 
even  greater  deflection  than  7/16  in.  can  be  expected  when 
the  subgrade  is  clay  or  loam  undrained. 

Had  the  maximum  deflection  been  less  than  11/32  in., 
practically  no  longitudinal  cracks  would  have  occurred,  and 
where   the   subgrade   has   a   uniform    moisture   content   the 
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deflection  would  probably  never  be  this  great.  This  is  sub- 
stantiated by  those  slabs  on  sand  "subgrade. 

Thirteen  conseci'tive  slabs  at  the  extreme  south  end  of 
the  pavement  on  sand  subgrade  acted  quite  differently  and 
more  uniformly  than  the  others.  The  average  upward  move- 
ment was  11/16  in.  on  the  west  and  1  1/16  in.  on  the  east 
side,  while  the  center  went  31/32  in.  The  greatest  rise  of 
any  point  was  1  15  32  in.  The  movements  were  so  uniform 
that  greatest  deflection  was  %  in.  Unlike  the  other  slabs 
there  was  practically  no  settlement  below  the  initial  read- 
ing, the  greatest  recorded  being  3/32  in. 

Effect  of  Rainfall  and  Tempet-ature  on  Vertical  Movement. 
— The  movements  of  two  typical  slabs  are  shown  in  Fig. 
2,  together  with  the  ranfall  and  temperature  charts.  Upon 
freezing  the  sides  and .  center  of  these  slabs  at  first  began 
moving  up  uniformly.  During  this  cold  weather  consider- 
able snow  fell  and  then  during  the  first  week  in  January 
a  thaw  occurred  followed  by  extremely  low  temperature  for 
the  next  eight  weeks.  In  this  period  the  sides  of  Slab  lis 
on  clay  subgrade  rose  more  rapidly  than  the  center  until 
a  maximum  deflection  of  %  in.  occurred,  while  Slab  86 
on  sand  subgrade  rose  but  6  10  as  high,  there  being  prac- 
tically no  deflection. 

These  concrete  slabs  were  exactly  alike,  precipitation  and 
temperature  was  the  same,  the  only  difference  being  in  the 
character  of  the  ground  on  which  they  lay.  Since  the  sub- 
grade  is  of  inert  material  of  similar  nature,  the  only  differ- 
ence is  in  the  size  of  the  dirt  grains.  Without  going  into 
details  of  the  relation  of  moisture  in  soils  to  their  volume, 
it  is  permissible  to  state  that  the  finer  the  dirt  grains  the 
greater  the  resistance  to  passage  of  water  by  gravity,  the 
greater  the  change  in  volume  for  a  given  percentage  of 
water  contained  and  the  greater  the  expansion  of  the  mass 
on  freezing.  This  statement  is  borne  out  by  referring  back 
to  Slabs  18  and  86,  the  movements  of  which  are  shown  in 
Pig.  2,  No.  18  being  on  fine  grained  and  No.  86  on  coarse 
grained  soil. 

The  assumption  that  the  subgrade  freezes  deeper  at  the 
sides  than  under  the  pavement  center  is  wrong,  for  con- 
crete has  about  the  same  coefficient  of  conductivity  as 
moist  earth.  In  another  investigation  we  have  confirmed 
this  by  measuring  the  depth  of  frost  at  the  sides  and  under 
pavements. 

Explanation  of  Cause  of  Heaving. — The  moisture  content 
below  the  central  portion  of  a  pavement  will  probably  never 
be  much  less  than  when  the  pavement  is  laid  because  there 
is  no  surface  from  which  it  can  be  evaporated.  Since  sur- 
face water  from  each  side  is  conducted  under  the  pave- 
ment both  from  static  head  and  capillary  powers  of  the 
soil,  the  moisture  content  will  continually  change  from  an 
almost   uniform   degree   throughout   to   a  maximum   at   the 


sides.  Should  the  soil  be  compact  a  uniform  condition  is 
not  probable  at  any  time,  while  in  sand  the  water  has  less 
resistance  to  its  passage  and  so  reaches  a  uniform  condi- 
tion quite  rapidly.  Fig.  3  is  a  study  of  the  probable  dis- 
tribution of  moisture  under  pavements  on  clay  or  loam  sub- 
grades. 

Upon  freezing  the  soil  expands  in  proportion  to  the 
moisture  content  and  since  it  cannot  expand  laterally  it 
must  expand  vertically.  The  greater  the  difference  of 
moisture  from  sides  to  center,  the  greater  the  distortion 
of  the  pavement  slab.  Snow  falls  upon  the  ground  and 
afterwards  a  thaw  occurs,  melting  it.  If  the  soil  is  not 
fully  saturated  the  water  sinks  down  and  spreads  out  under 
the  pavement  as  far  as  it  can  go,  by  virtue  of  head  and 
capillary  powers,  until  it  freezes  in  the  voids  at  some  depth 
where  the  temperature  is  still  below  freezing.  In  this  way 
an  impervious  stratum  is  formed  through  which  the  water 
will  not  pass.  The  remaining  surface  water  is  afterwards 
held  above  this  stratum,  and  this  soil  rapidly  becomes 
more  water  soaked.  If  there  is  enough  surface  water  the 
soil  finally  becomes  saturated  as  far  out  as  the  water  can 
spread  by  gravity  and  then  the  water  content  extends 
farther  under  the  pavement,  decreasing  as  the  capillary 
power  diminishes. 

This  action  is  finally  ended  by  return  of  cold  weather 
;ind  subsequent  freezing  of  all  moisture  accompained  by 
expansion,  which  being  restrained  laterally  acts  vertically, 
but  the  vertical  movement  is  proportional  to  the  water 
(frozen)  content  above  that  amount  enquired  to  fill  the 
voids. 

The  vertical  movement  or  heaving  naturally  is  greatest 
at  the  sides  where  moisture  is  a  maximum  and  decreases 
toward  the  center. 

Concrete  slabs  are  carried  with  the  subgrade,  wide  slabs 
conforming  to  its  shape  because  they  do  not  have  sufficient 
stiffness  to  carry  their  own  weight.  In  this  way  distortion 
occurs,  and  when  the  deflection  is  such  that  the  concrete 
on  the  extreme  fiber  exceeds  its  tensile  strength  a  crack 
develops    following   the    line   of    greatest   deflection. 

Pavements,  regardless   of  width,   should   heave   the   same 
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distance  at  the  sides.  Narrow  pavements,  those  less  than 
16  ft.  in  width,  should  heave  nearly  uniformly  because  the 
moisture  extends  more  uniformly  toward  the  center.  Pave- 
ments about  25  ft.  in  width  should  develop  the  greatest 
vertical  curve,  and  above  this  width  the  curve  should  de- 
crease with  increasing  width.  It  has  been  demonstrated, 
however,  that  pavements  40  ft.  wide  crack,  which  indicates 
that  there  is  not  enough  decrease  to  bring  the  extreme 
fiber  stress  within  safe  limits,  so  this  phase  need  not  be 
considered. 

If  cracks  are  to  be  eliminated,  there  are  but  two  general 
solutions  to  the  problem.  One  is  to  overcome  the  condi- 
tions as  they  exist  by  slab  design;  the  other  to  eliminate 
the  conditions  by  controlling  the  moisture  content.  The 
first  scheme  could  no  doubt  be  carried  out  in  several  ways, 
all  of  which  would  undoubtedly  be  expensive.  An  inter- 
esting and  possibly  less  expensive  solution  is  suggested  by 
these  experiments. 

Elimination  of  Moisture  by  Impervious  Underground 
Walls. — Variation  in  moisture  can  be  eliminated  by  keep- 
ing water  from  percolating  under  the  pavement.  Although 
this  is  not  a  new  theory  it  has  as  yet  not  been  proven  a 
success.  Much  money  has  been  spent  in  vain  on  drain  tile 
with  and  without  porous  backfill  along  the  sides  of  the  pave- 
ments, and  why?     Simply  because  they  do  not  prevent  the 
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water  from  getting  under  the  pavement  either  by  pressure 
or  capillary  action.  If  results  are  to  be  expected,  there  must 
be  an  imprevious  underground  wall  along  each  side  of  the 
pavement  extending  down  below  frost  level,  and  where 
ground  water  is  present  at  least  1  ft.  lower  to  keep  capillary 
water  below  frost. 

The  nearest  we  have  yet  come  to  the  suggested  type  of 
construction  to  eliminate  heaving  Is  the  old  style  36-ln.  deep 
curbing  with  drain  tile  lai<i  outside,  and  no  doubt  such  con- 
struction is  .satisfactory  where  ground  water  Is  well  below 
the  street  surface. 

.A  construction  that  might  be  as  effective  and  cost  less 
would  be  a  %-ln.  thickness  of  continuous  Jointed  or  lapped 
sheets  of  bituminous  material  such  as  is  used  for  pavement 
Joints,  forming  underground  walls  4  or  5  ft.  deep  along  each 
side  of  the  pavement  with  (Jin.  drain  tile  laid  on  a  good 
grade  Just  outside  the  base.  Results  that  can  reasonably 
be  expected  in  clay  or  loam  are  illustrated  in  Fig.  4  in  com- 
parison to  the  study  of  probable  conditions  wh^re  no  im- 
pervious wall  exists. 

Such  construction  would  generally  cost  less  than  $1.25  a 
lineal  foot,  all  of  which  need  not  necessarily  be  in  addition 
to  the  present  cost  of  concrete  pavement  for  a  considerable 
saving  might  be  made  on  the  pavement  slab  itself,  in  that 
reinforcing  might  be  eliminated,  thinner  slab  used  and 
Joints   placed   farther  apart. 

The  investigation  was  conducted  by  Professor  William 
H.  Burger  of  the  Civil  Engineering  College  at  Northwestern 
I'niversity,  Evanston,  111.  This  investigation  is  still  under 
way  on  the  Kenihvorth  pavement  and  also  an  indepen- 
dent investigation  was  begun  last  tall  on  Sheridan  Rd., 
Winnetka,  111.  On  this  pavement  we  started  in  time  to  ob- 
tain subgrade  borings  before  the  pavement  was  laid  and 
are  conducting  an  analysis  to  determine  the  effect  of  moist- 
ure and   freezing  on  various  soils. 


Maintenance  Cost  of  Bituminous  Con- 
crete at  Poi'tland,  Me. 

Maintenance  costs  for  three  sections  of  state  highway 
constructed  in  190S.  1909  and  1910,  in  the  city  of  Portland. 
Me.,  are  given  in  the  last  annual  report  of  Edward  .M.  Hunt. 
Commissioner  of  Public  Works  of  Portland.  The  first  sec- 
tion (completed  in  1908)  consists  of  bituminous  macadam 
(penetration  method)  laid  in  Danforth  and  Vaughn  Sts., 
for  a  total  length  of  2.879  lin.  ft.  and  a  yardage  of  8,657  sq. 
yd.  The  cost  was  $1.13  per  square  yard.  Section  2  covers 
2.683  lin.  ft.  of  bituminous  concrete  (mixing  method)  laid 
on  Vaughn  St.  in  1909  at  a  cost  of  $1.03  per  square  yard. 
The  total  yardage  is  8,807.  Section  3  is  also  bituminous 
concrete.  This  was  laid  in  1910  on  Cumberland  Ave.  at  a 
cost  of  $1.31  per  square  yard.  The  total  length  of  this 
section  is  1,702  lin.  ft.  and  the  total  yardage  is  6,398.  These 
pavements  are  maintained  by  the  city.  The  unit  cost  of 
this  for  the  past  9  years  has  been  as  follows: 

Section  1   iS.ii.'iT  8i|.   yd.  tjiluminous  macadam,  completed  in  190S). 

Surface 

Repairs          treatment  Total 

Date.                                        per  8f|.  yd.        per  sq.  yd.  persq.  yd 

IS09     $0.0104                 10.0000  $0.0104 

1910     033B                      .O.'iBa  .0691 

1911     OO.SO                     .0283  .0363 

1912         0083                     .0183  .0266 

1913     0111                     .0112  .0223 

1914     0113                     .0116  .0229 

1915     0070                     .0147  .0217 

1916     0122                     .0122 

1917       0207                     .0269  ,0476 

Section  2   (8,807  »q.   yd.  bituminous  concrete,  completed  In   1909). 

1910     0378  ,0378 

1911     0113  .0462  .0675 

1912     1521  .0076  .1697 

1913     1198  .0042  .1240 

1»14       0111  .0173  .0284 

191.';     0057  .0237  .0294 

1916     •■•■■ 

1917     0027  .0101  .0128 

Section  3   (6,398  sq.  yd.  bituminous  concrete,   completed  In  1910). 

1911     0164  .0699  .0863 

1912     0702  .0702 

1913 .1190  .1190 

1914  0481  0268  .0747 

1915  0467  .0178  .0JS6 

1916  0401  .0172  .0673 

ISl?  0160  .0558  .0713 


General  Phases  of  Street  Cleaning* 

Purposes  of  Street  Cleaning.  From  the  economic  or  the- 
oretical engineering  side  we  should  know  whether  we  are 
cleaning  streets  for  public  convenience,  for  aesthetic  rea- 
sons or  for  protection  of  the  public  health;  or  otherwise  for 
what  definite  purposes  these  expenditures  are  made. 

Undoubtedly  the'  primary  reason  for  street  cleaning  is 
for  the  promotion  of  public  comfort  or  convenience.  The 
annoyance  of  dust  to  the  users  of  the  highway  and  to  those 
adjacent,  as  well  as  damage  to  property,  may  well  be  con- 
sidered primary,  especially  if  coupled  with  its  wet  condi- 
tion as  mud. 

The  second  consideration,  the  aesthetic,  may  well  have 
its  weight,  especially  in  elimination  of  rubbish,  waste  paper 
and  larger  debris  which  so  offend  our  sense  of  propriety, 
but  have  little  bearing  on  either  health  or  comfort. 

Clean  Streets  and  Health. — The  third  consideration,  that 
of  health,  may  be  one  which  should  warrant  extensive  and 
expensive  work  in  this  line.  The  Street  Cleaning  Commit- 
tee of  the  American  Public  Health  Association,  Samuel 
Whinery,  chairman,  in  its  report  of  about  two  vears  ago, 
after  diligent  inquiries  and  collection  of  practical  evidence, 
strongly  inclined  to  the  opinion  that,  while  theoretically 
there  might  be  much  danger  from  unclean  streets,  from  the 
health  viewpoint,  there  was  little  or  no  positive  evidence 
of  such.  This  opinion  was  largely  based  on  lack  of 
definite  information  that  those  engaged  continuously  in 
street  cleaning  and  similar  work  suffered  any  ill  effects 
from  what  might  be  considered  as  abnormal  or  excessive 
exposure  to  those  conditions  supposedly  deleterious  to 
health  from  street  dust  and  similar  influences.  At  least 
one  member  of  your  committee,  from  experience  with  local 
spring  and  fall  epidemics  of  influenza  and  bronchial  affec- 
tions when  street  cleaning  in  northern  cities  is  interrupted, 
is  firmly  of  the  opinion  that  the  consideration  of  health 
may  be  well  ranked  as  the  most  important  factor  in  deter- 
mining the  extent  of  such  work.  Lacking,  as  yet.  any 
definite  conclusive  evidence,  it  may  now  be  as.^umed  that 
cleaning,  such  as  to  remove  fine  dust  and  mud  which  may 
cause  such,  offers  a  reasonable  task  in  street  cleaning  for 
comfort  and  health.  The  aesthetic  considerations  in  re- 
moval of  unsightly  litter,  unless  the  same  be  considered  a 
source  of  dust  by  pulverization,  may  be  given  considera- 
tion to  the  extent  which  the  locality  may  warrant  in  ex- 
penses. 

The  change  from  dry  to  wet  methods  of  cleaning,  now 
so  increasingly  evident^  has  a  material  bearing  on  the 
above  considerations. 

Use  of  Motor  Vehicles  in  Street  Cleaning. — From  the 
practical  or  operative  end  of  street  cleaning,  two  phases 
stand  out  prominently  as  modifying  practice;  the  substitu- 
tion of  motor  vehicles  for  animal  power  and  of  flushing  for 
dry  sweeping. 

The  use  of  motor  vehicles  both  for  actual  cleaning  and 
for  collection  and  hauling  of  municipal  waste  is  but  a  phase 
of  the  general  and  increasing  use  of  such  vehicles,  and 
must  largely  be  a  local  question  of  economics,  dependent 
in  desirability  of  change  from  horse-drawn  vehicles,  upon 
loss  of  Investment  in  existing  equipment,  length  of  haul, 
available  funds  and  other  local  conditions.  Apparently  all 
plans  for  future  development  should  contemplate  the  large 
ultimate   use  of  motor  vehicles. 

Substitution  of  Flushing  for  Dry  Sweeping. — The  same 
change  to  serviceable  motor  vehicles  has  largely  increased 
the  practicability  of  flushing  in  cleaning.  There  were  cer- 
tain limitations  to  obtaining  and  maintaining  adequate 
flushing  pressure  in  horse*drawn  vehicles. 

In  many  cities  the  functions  of  street  cleaning  and  sewer 
cleaning  or  sewage  disposal  are  under  somewhat  separate 
supervision,  and  where  such  is  the  case  there  may  well 
be  required  closer  Joint  study  of  the  problem  as  a  whole 
for  ultimate  economy.  Where  no  systematic  gu'ter  clean- 
ing follows  flushing,  either  the  heavy  street  detritus  is  left 
in  the  gutters  or  is  flushed  into  catch  basins,  and  much  of 
it  ultimately  Into  the  sewers.  We  may,  therefore,  well 
bear  in  mind  that  this  successful  cleaning  method  may  de- 
mand some  modiflcation  in  catch  basin  practice  for  pro- 
tection of  sewers.    In  combined  sewerage  systems  we  may 

•From  the  report  of  the  Committee  of  Street  Cleaning.  Geo. 
H.  Norton.  Rudolph  HiTlnc  nnd  R.  C.  Harris,  presented  at  the 
2Sth  .\nnual  Convention  of  the  American  Society  of  Municipal 
Improvements. 


(99) 


444 


ENGINEERING    AND     CONTRACTING 


Vol.  50,  No.  19. 


reasonably  expect  some  added  expense  in  sewer  cleaning, 
but  where  ultimate  sewage  treatment  is  given  or  required, 
as  it  soon  will  be  in  many  cities,  the  question  of  the  effect 
of  the  added  burden  on  the  detritus  tanks  or  on  the  gen- 
eral operation  of  the  whole  plant  must  be  given  close  study. 

One  engineer  of  a  large  city  says:  "Cities  having  sew- 
age disposal  works  find  that  the  detritus  from  the  streets 
somewhat  complicates  the  question  of  sewage  disposal. 
All  of  it  cannot  be  handled  in  detritus  chambers,  except 
at  very  great  cost."  While  such  cost  may  be  a  material 
added  burden  to  sewage  treatment  it  is  equally  true  that 
the  cost  of  gutter  sweeping  or  the  dry  removal  of  street 
dirt  is  a  very  large  expense  in  dry  street  cleaning,  and  the 
engineering  determination  of  an  absolute  combined  min- 
imum in  expense  presents  one  of  those  nice  problems  which 
we  must  solve.  The  solution  is  only  possible  through  the 
collection  of  complete  data  and  careful  analysis.  This 
would  seem  to  offer  an  early  and  fertile  field  for  study. 

Snow  Removal. — One  other  phase  of  street  cleaning  is  of 
especial  interest  to  the  northern  cities — that  of  snow  re- 
moval, in  connection  with  use  of  motor  vehicles. 

In    case    of    heavv    snow    falls,    usuallv    the    first    streets 


Finishing  Method  for  Concrete 
Roads 

By  E.  EARL  GLASS. 

The  finishing  method  illustrated  in  the  photographs  has 
been  used  satisfactorily  on  the  construction  of  a  number 
of  highways  in  Southern  California.  A  shovelful  of  thor- 
oughly hydrated  lime  is  put  in  the  skip  with  each  batch  of 
materials.  This  permits  the  use  of  a  dry  or  stiff  mix  of 
concrete  which  makes  the  strongest  pavement  and  does  not 
need  a  roller  to  remove  excess  water.  As  will  be  seen  in 
the  cuts,  there  is  practically  no  excess  water  in  this  mix. 

The  finisher  and  his  helper  follow  the  templet  with  a 
long  float.  This  is  light  but  rigid  and  is  faced  with  tin.  It 
is  worked  from  one  edge  to  the  other  until  no  more  ma- 
terial is  displaced,  the  finishers  standing  on  light  box 
bridges  as  shown  in  Fig.  2. 

This  longitudinal  floating  assures  a  straight-edged  sur- 
face in  the  direction  of  travel  and  consequently  a  smooth- 
riding  pavement.  The  finisher  then  goes  over  the  surface 
with   a   long-handled   trowel,   leaving   it   dense   and   smooth. 


Fig.   3 — Finish    Troweling. 


opened  to  traffic  are  those  containing  surface  car  tracks, 
and  the  northern  cities  are  mostly  equipped  to  keep  their 
tracks  clear.  The  result  is  that  motor  vehicle  traffic  is  at 
once  diverted  to  these  streets  with  resulting  congestion 
and  delay  in  traffic.  The  universal  use  of  motor  vehicles 
for  all  classes  of  traffic  warrants  the  provision  for  its  ac- 
commodation, and  cities  must  be  equipped  and  ready  to 
keep  thoroughfares  open  for  this  traffic  while  snow  is  fall- 
ing and  afterward  to  make  viable  streets. 

Often  the  motor  equipment  provided  for  other  phases  of 
cleaning  is  most  applicable  and  available  for  this  work,  and 
any  consideration  of  motorizing  in  these  northern  cities 
should  include  the  use  and  availability  of  such  in  solving 
the  snow  problem. 

Collection    and    Disposal    of    Rubbish    and    Garbage. — The 

collection  and  especially  the  disposal,  of  rubbish  and  gar- 
bage, has  been  materially  effected  by  war  conditions. 

The  demand  for  utmost  economy  in  these  trying  times 
has  made  it  evident  to  cities  not  fully  utilizing  these 
sources  of  saving  that  they  are  to  an  extent  wasting;  that 
much  of  the  \arious  materials  which  would  be  of  service 
to  the  cause  are  being  wasted.  But  this  has  been  so  thor- 
oughly impressed  on  the  public  that  the  individual  economy 
in  saving  paper  rags  and  metals,  and  especially  in  squeez- 
ing the  plethoric  American  garbage  can.  has  most  ma- 
terially affected  the  various  plants  in  operation  for  these 
purposes.  The  general  individual  saving  and  sale  of  rags, 
waste  paper,  etc.,  and  more  particularly,  the  very  general 
elimination  of  grease  content  from  garbage,  make  any 
studies  of  operation  of  these  plants  under  present  condi- 
tions of  little  comparative  value  unless  we  assume  that 
the  American  public  has  learned  lessons  of  economy  which 
may  be  enduring. 

More  than  a  word  of  caution  therefore  should  be  given 
to  those  who  may  now  study  past  and  even  present  quan- 
tities and  recoverable  values  in  refuse  that  neither  may 
safely  be  used  for  estimates  of  the  future.  No  one  can 
predict  how  far  our  lesson  of  economy  under  trying  war 
conditions  may  be  remembered  or  practiced  under  a  re- 
turn to  what  we  may  hope  will  be  a  condition  of  happy 
nrosperity. 


The  lime  makes  the  concrete  work  well  under  the  finishing 
tools.  Two  men  have  no  difficulty  in  completing  400  ft. 
or  500  ft.  of  20-ft.  pavement  'irf  8  hours  by  this  method. 


May  Train  Women  for  Motor  Truck 
Drivers. 

The  task  of  assisting  in  recruiting  men  for  the  motor 
transport  corps  of  the  army,  which  is  now  being  organized 
along  such  comprehensive  lines  as  to  call  for  a  force  approx- 
imating 200.000  men  and  for  motor  transportation  of  the 
value  of  $130,000,000  in  addition  to  the  value  of  such  trans- 
port already  in  the  service,  has  been  assigned  to  the  High- 
ways Transport  Committee,  Council  of  National  Defense,  by 
General  C.  B.  Drake,  chief  of  the  motor  transport  corps. 
In  order  to  prevent  the  disruption  which  would  follow  if 
tens  of  thousands  of  skilled  men  were  taken  away  from  the 
great  organization  engaged  in  operating  and  maintaining  the 
industrial  transport  service  of  the  country,  and  at  the  same 
time  to  provide  an  adequate  force,  it  is  necessary  to  work 
out  for  the  motor  transport  corps  some  plan  to  secure  sub- 
stitutes for  those  thus  taken  away.  One  way  proposed  for 
meeting  this  situation  is  by  substituting  women  for 
men,  which  involves  recruiting  these  women  and  placing 
them  in  training  for  service  while  the  men  in  the  industry 
are  being  withdrawn  for  army  purposes.  The  possible  selec- 
tion and  training  of  women  to  take  the  place  of  men  in  the 
handling  of  various  kinds  of  highways  transportation,  and 
simultaneously  the  selection  and  training  of  men  whose  age 
makes  them  unavailable  for  army  service,  will  be  conducted 
on  the  basis  that  these  people  are  volunteers  in  much  the 
same  sense  as  are  those  who  are  entering  the  army. 
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Convention   of   Kentucky   Highway   Engineers'  Association. 

— The  annual  convention  of  the  Kentucky  Highway  Engi- 
neers' Association  will  be  held  Nov.  12,  13  and  14  at  Owens- 
boro,  Ky.  The  convention  will  be  somewhat  different  from 
previous  ones.  Only  a  few  addresses  will  be  made  indoors. 
Practically  everything  that  pertains  to  the  building  and 
maintenance  of  roads  will  be  discussed  in  the  open  air  right 
on  the  road  where  the  work  is  in  progress. 


Xovember  6.   1918. 
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Street    Cleaning   at   Buffalo    with 
Motor  Apparatus 

•Motorized  oullits  are  usnl  tu  a  larne  rxlenl  In  street 
cleaning  work  ai  Uuffalu,  N.  Y.  InterestlnR  data  on  the 
operation  of  these  oultlts  were  given  by  Mr.  William  F. 
Schwartz.  Street  Commissioner,  In  a  paper  presented  at  the 
recent  convention  of  the  American  Soclet.v  of  Municipal 
ImprovementB.  The  notes  following  have  been  abstracted 
from   -Mr.   Schwartz's  paper: 

Motor  Sweepers. — The  city  at  the  present  time  has  two 
KlRin  motor  .sweepers.  These  sweepers  were  placed  in 
operation  on  Oct.  1.  191t!.  replacing  6  horse-drawn  sweepers 
and  two  sprinkling  wagons.  They  work  two  shifts  8  hours 
each  per  day,  namely  3  a.  m.  to  11  a.  m.  and  4  p.  m.  to  12 
p.  m.  They  are  a  combination  sprinkler,  sweeper  and  pick-up. 
being  equipped  with  a  20i)-gal.  tank,  large  circular  broom, 
and  I'^-cu.  yd.  box.     The  motive  power  is  a  45  H.P.  engine. 

During  '.he  fiscal  year  ending  June  30,  1918,  they  cleaned 
appro.\lmately  72,000  great  scjuares   (great  square.  10,000  sq. 


Flusher  Tractors  In  Snow  Removal  Work. — During  the 
winter  season  the  trailers  are  removed  from  tractors,  and 
I  he  tractors  are  placed  in  operation  In  snow  work,  also 
hauling  trailers  for  ash  and  garbage  districts.  It  is  es- 
limaled  that  during  the  past  winter  these  three  tractors 
saved  the  city  at  least  $15,000  in  snow  work  alone.  A  great 
many  of  the  streets  in  the  outlying  districts  became  drifted, 
and  it  was  an  utter  impossibility  for  the  f  ity  to  get  labor 
to  take  care  of  the  same,  notwithstanding  the  fact  thai  every 
available  prisoner  that  could  be  commandeered  from  the 
penitentiary  was  employed.  The  tractors  were  equipped  with 
"Good  Hoads"  snow  plows  and  they  did  excellenT  work. 

Cost  of  Flushing. — The  cost  of  operation  per  day  (which 
includes  operating  charges,  maintenance  and  fixed  charges) 
for  a  16-hour  day  was  $24.96.  During  the  winter  months  this 
cost  increased  $2.00  per  day  on  account  of  more  gasoline 
and  oil  being  used  by  being  forced  to  run  low  gear  the 
greater  part  of  the  time  on  account  of  bucking  heavy  drUts 
of  snow. 

I'nder  the  old  system  of  flushing  with  portable  line  hose 


Elgin   Motor  Street   Sweepers   of    Buffalo. 


ft. I.  It  was  found  they  did  the  best  work  on  smooth  pave- 
ment, and  that  the  cost  per  great  square  was  about  2  ct. 
lower  than  In  horse-swept  districts.  On  account  of  the 
abnormal  times  there  was  considerable  trouble  in  getting 
competent  drivers,  consequently  the  machines  have  not  been' 
worked  as  satisfactorily  as  under  normal  conditions. 

Motor  Flushers. —  During  the  past  year  three  motor  street 
flushing  equipments  were  in.stalled  by  the  department  to 
replace  the  old  method  of  flushing  and  in  some  districts 
street  cleaning.  In  constructing  and  designing  this  equip- 
ment the  department  took  into  consideration,  1st,  cost  of 
equipment;  2nd.  length  of  time  of  service;  3rd,  operation 
and   maintenance;   4th,  size. 

From  the  above  was  specified  a  5-ton  tractor  with  power 
take-off  from  transmission  to  pump  that  delivers  pressure 
for  flusher;  a  trailer  with  2.000-gal.  tank  capacity  set  upon 
the  flfth  wheel  on  tractor.  Tractors  in  operation  are  the 
5-ton  I'ierce-Arrow  of  standard  design,  with  exception  of 
power  take-off  of  15  H.P.  and  are  geared  42  to  1.  The  trac- 
tors are  equipped  with  dual  36-ln.  tires  rear,  and  single  front. 

The  trailers  and  pumps  are  manufactured  by  Chas.  Hvass 
&  Co..  of  New  York  City,  and  are  provided  with  cylindrical 
tank,  four  nozzles  which  are  controlled  from  driver's  seat, 
lentrlfugal  pump  driven  from  power  take-off.  also  controlled 
from  driver's  seat.  The  pump  creates  a  pressure  of  35  lb. 
(This  pressure  can  be  Increased  or  decreased.)  It  Is  found 
at  Buffalo  that  35  lb.  will  not  Injure  the  pavement  and  at 
the  same  time  does  cleanly  work.  When  the  street  is  very 
dirty  the  four  nozzles,  which  gush  525  gal.  per  minute,  are 
used,  but  as  a  rule  only  two  nozzles,  which  flow  150  gal.  per 
minute,  are  used.  During  the  process  of  flushing,  tractor 
runs  at  a  speed  of  4»,4  miles  per  hour;  running  empty  14 
miles.  The  weight  of  tractor  and  flushcE  when  full  Is  18 
tons,  when  empty,  in  tons. 


the  cost  per  great  square  of  10,000  sq.  ft.  was  $1.40.  With 
the  two-man  reel  the  cost  was  56  ct.  The  motor  equipment 
reduced  the  cost  to  20.5  ct.  per  great  square.  This  includes 
everything,  such  as  operating  labor,  supervision  and  pick- 
up wagons. 

The  city  has  contracted  for  three  additional  flushers.  and 
It  i.s  the  intention  of  the  department  as  soon  as  flnancial 
conditions  warrant  eventually  to  do  away  with  all  horse- 
drawn  sweepers  and  sprinklers  and  flush  the  entire  town 
with  the  exception  of  cobblestone  and  macadam  pavements, 
as  it  is  found  that  the  cost  per  great  square  for  sweeping  is 
$0.2"S  and  that  of  flushing  is  $0,205.  The  latter  is  not  only 
more  economical  but  leaves  the  streets  In  a  more  cleanly 
condition  besides  being  more  sanitar.v 

Ash  and  Garbage  Collection  with  Motor  Equipment. — For 
two  months  experiments  were  made  with  trailers  and  trac- 
tors in  the  Ash  and  Garbage  Division  and  it  was  found  that 
these  would  cut  the  expense  approximately  25  per  cent  and 
also  give  greater  efticiency.  The  system  followed  In  the 
demonstration  was  to  start  empty  trailers  drawn  by  horses 
from  various  barns  to  the  different  districts.  When  these 
trailers  were  loaded  tractors  with  train  of  four  empty 
trailers  dropped  the  empties,  took  up  loaded  trailers  and 
proceeded  to  dump  or  reduction  plant,  continuing  this  opera- 
tion until  districts  were  cleaned  up. 

.\t  the  present  time  there  are  six  Ford  motor  trucks  in 
operation  In  the  Ash  and  Garbage  Division.  These  trucks 
have  a  capacity  of  4  yd.,  but  have  been  in  operation  for  only 
lour  months,  consequently  it  Is  not  poaaible  to  get  a  defln- 
i(e  line  upon  the  maintenance  and  depreciation.  The  drivers 
are  inexperienced,  being  mainly  boys  of  17  to  19  years  of 
age,  so  that  these  trucks  are  often  laid  up  for  repairs.  It 
Is  Intended  to  motorize  the  entire  Ash  and  Garbage  Division 
after  (he   war. 
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.     ,               ^          U     i-t-  factorv,  particularly  on  old  pavements  where  it  often  breaks 

Method    of      Repairing     ASpnalt  contiguous    pavement.      The    experience,    however,    is    not 

,    r>      f-C^lr^     XT    V  sufficient  to  warrant  an  extended  criticism.     A  rather  spe- 

"aVement  at  oUIiaiO,  i>.    I  .  ^.j^^g  argument  for  its  use  is  that  it  acts  as  a  sort  of  bal- 

During  the  last  15  vears  the  Department  of  Public  Works  ance  wheel   for  labor  and  axes,   when  the  labor  looks   ftr 

of  Buffalo   N    Y     has"been  responsible  for  the  annual  main-  higher    wages:    but    for   good    workmanship    the    engineers 

tenanee  of  about  3,000,000  sq.  yd.  of  asphalt  pavement.     The  have  not   found  a  mechanical  cutter  that  compares  with  a 

methods    employed    in    repairing    this    pavement    were    de-  man  and  axe. 

scribed  by  C.  E.  P.  Babcock.  First  Assistant  Engineer,  and  The   contract   price  has   varied   from   74   ct.   to   $1.39   per 

J.  A.  Vandewater,  Assistant  Engineer,  in  charge  of  repairs,  square  yard  laid  up  to  Dec.  31,  1917,  and,  on  account  of  the 

in  a  paper  presented  at  the  recent  convention  of  the  Amer-  ^igh  cost  of  labor  and  material  this  year,  the  rate  may  run 

iacn   Society   of   Municipal   Improvements.     An   abstract   of  somewhat  over  $1.80  per  square  yard  laid. 

the  paper  follows:  ' 

The  principal  factors  in  the  asphalt  repair  specifications 

are:                                                                     ^  Circumferential   Rods   Used  as  Auxiliary 

Both   top   and  binder  are  purchased  at   the   plant  of  the  ^    .     r  ^  r cc  tt-    WJiAn 

contractor  by  cubic  measure,  the  price  including  delivery  on  Reinforcement  for  55  ft.  Wide 

the  work  Concrete  Pavement 

The  asphaltic  cement  for  painting  Joints  is  paid  for  by  the  ,    ,.        •,        f   kc;   n    wM<.   nnncrete 

gallon    delivered  In   ^^^   construction   of    %    mile   of   55   ft.   wide   concrete 

The'  cost  of  the  street  work  includes  labor,  the  chopping  street  pavement  at  West  Frankfort,  111.,  special  precautions 

out   of   patches,   laying  material   and   cleaning   up.     This   is  were  taken  to  overcome  any  tendency  toward  cracking  be- 

pald  for  by  the  square  yard.  cause  of  the  extreme  width  or  the  nature  of  clay  sub-base. 

The  contract  provides  for  relaying  concrete  base,  unless  increased  strength  was  provided  in  the  slabs  at  the  joints, 

the  city   performs   the   work  with   its   own   forces.     It   also  gjates  the  Concrete  Highway  Magazine,  by  placing,  in  addi- 

provides  for  paving  in  trenches  with  binder  11/2  In.  deep  and  ^^^^  ^^  ^-^^  ^^ggfj  reinforcement,  three   %-in.  rods  half  way 

top  IVz  in.  deep  and  labor— a  price  being  bid:   for  trenches  jjgj^.gen  the  finished  surface  and  the  base  of  the  pavement. 

under  80  sq.  yd.;   for  trenches  between  80  and  480  sq.  yd.:  ^^^  pavement  is  6  in.  thick  at  the  sides  and  9  in.  thick  at 

for  trenches   between   480   and   1,000   sq.   yd.;    for   trenches  ^^^^    center.      The   rods    were    placed    on   each    side    of    the 

over  1.000  sq.  yd.  joint  and  perpendicular  to  the  center  line  of  the  pavement. 

If  two  or  more  trenches  of  this  kind  are  within  y2  mile  ^-^^^  ^^^^  ^^^  jg  g  jj^    ^^^^  jjjg  joint,  the  second  14  in.  from 

of  each  other  and  are  repaired  as  a  continuous  work,  the  ^j^^  ^^^^^  ^^^  ^-^^  j]jij.(j  ^q  j^.  from  the  second.    The  rod  next 

sum  of  their  area  is  the  area  on  which  payment  is  made.  ^^  ^^^  ^^j^^^  jg  jq  fj   jong  and  the  others  are  40  ft.  and  30  ft. 

By  this  specification  the  city  uses  all  of  either  the  binder  j^^^^    respectively.     Steel  mesh  reinforcement  is  placed  2  in. 

or  the  top  as  its  engineer  requires  and  pays  for  the  amount  (jgiow   the   finished   surface   of  the   pavement   and   over  the 

actually   used.      The    average    depth    experience    has    been:  entire  area  of  the  slab. 

binder  1.12  in.,  top  1.57  in.  of  75  and  78  per  cent  of  original  

'  depth.  -r*        J  /-^ 

In  the  1917  work  it  was  found  that  about  0.87  in.  average  Steam  ShoVCl  Work  in  Road  ConStrUCtlOn 

depth  of  binder  and  1.57  in.  of  top,  or  58  and  78  per  cent  ^^^  ^^^^^  ^^^^^  Commission  of  Utah  is  employing  steam 

respectively  were  used.    The  reduction  in  binder  was  partly  ^^^^^jg  ^^  ^^^^,^  ^^g  g^jj  gj^g  hill  work  in  connection  with 

due  to  the  fact  that  the  pavements  are  becoming  thin    Those  ^^^^  construction  projects.     On  one  job  in  Weber  Canyon, 

laid   prior  to   1892   were   laid   on   y,   in.   cushion   instead  of  ^^^^  Henefer    a   Bucyrus   Model   18-B,   working  on   side-hill 

binder,   and   these   require   little,  if  any,  binder   m  repairs.  ^^^^  ^^^  roadway    moved  about  400  cu.  yd.  per  8-hour  shift 

The   specifications   provide  that  when  the   old   pavement  is  ^^^  general  days     The  material  was  about  35  per  cent  earth 

less  than  2  in.  deep  binder  shall  not  be  used  for  repair.  ^^^    g.    ^^^   ^^^^   boulders,    ranging   from   6-in.    to   3    ft.   in 

Bids  for  repairs  are  received  early  in  the  calendar  year,  (jigmeter  or  even  larger.     Some  of  the  larger  boulders  were 

enabling  the  contractor  time  to  order  his  material  and  to  broken  with  blasting  powder  ahead  of  the  shovel.    The  total 

arrange  his  organization.  operating  expenses  per  8-hour  shift  were  as  follows: 

As  soon  as  the  weather  permits,  usually  in  March,  an  in-      .p^^^  ^^^^^j  ^agon    ^  Ij-"" 

spection  of  all  pavements  is  made,  conditions  noted,  and  a      steam  shovel  eng-ineer   '.".'.'.'.'.'.'.'.'.  I2!oo 

list   of   streets   to   be   repaired   is   prepared,   streets   in   the  lieil^engineer   ::::.'.'.' !  i!!  i!  i!!;  ^i'.^  ^' ■■■■'■■•'••"•••■■••■■■■■■•  ■    6-Og 

down  town  or  business  section  and  the  principal  thorough-      coal    ."..'.'.V.'.'.    lioo 

fares  being  taken  care  of  first.    An  attempt  is  made  to  repair      Oil    ■ ■ . 

all  the  asphalt  pavements  at  least  once  a  year  and  this  has  Total   %ZZM 

been   done   with   a   few    exceptions.      Pavements   that   have  Taking  into  account  the  time  lost  for  occasional  repairs, 

unusually    heavy    traffic    are    repaired    twice    a    year    when  ^^  yriit  price  of  10  ct.  per  cubic  yard  was  obtained  on  the 

necessary.  greater  part  of  this  work. 

Work  is  begun  about  April  1st  and  usually  continues  until  This  steam  shovel  operation,  states  Mr.  Ira  R.  Browning, 

about  Dec.  1st.  The  pavements  to  be  repaired  are  marked  secretary  and  Engineer  of  the  State  Road   Commission,  to 

out   by   an   asphalt   locator,    who   is   assisted   by   boys   who  -^^rhom  we  are  indebted  for  the  matter  in  this  note,  was  more 

measure  up  and  locate   the  patches,  and  a  man  to   record  effective  and  more  economically  performed  than  the  average 

same  in  field  book.     The  contractor  also  furnishes  a  man  to  gteam  shovel  excavation  that  has  come  under  his  observa- 

keep  a  record  of  the  size  of  the  patches  and  his  record  must  ^jon.    Under  like  conditions  on  both  the  state  road  work  and 

correspond    with    those    made    by    the    city's    locator.      The  on  side  hill  excavation  for  other  purposes,  a  unit  price  of 

repair  gang  then  follows,   chopping  out,   relaying   the   new  from  15  ct.  to  20  ct.  per  cubic  yard  has  obtained, 

material  and  cleaning  up.     A  gang  lays  from  750  to  1,000  gteam  shovel  work  in  Willow  Creek  on  the  Castle  Gate- 

sq.  yd.  per  day,  depending  upon  the  size  of  the  patches.    All  Q^gj^gsne  post'  road.  Carbon  County,  Utah,  had  the  following 

old  material  is  the  property  of  the  city  and  is  removed  to  jj^ities  in  the  July  estimate,  1918: 

a  dump  provided  by  the  contractor  or  wherever  the  engineer  Cu  yd. 

may  direct.  Earth .'............. ......  l!ooO 

The  work  is  done  by  two  large  gangs  consisting  of  about      |^i°|® ro?k   .'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.V.V. I'^OO 

75   to   100   men   each,    foremen,    teams,    trucks   and    rollers.  r^:  t,\  ®'^"'' 

There  is  also  a  small  gang  employed  repairing  cuts  made  ^^ '  ^„,1  covering  this  work.'including  blasting  the 
by  the  Bureau  of  Water,  plumbers,  corporations  and  others.  J^^  ^^^  '°^  ^°;^^  ^^^^l^g^g  ^^^  g^n^e  leveling  and  fin- 
In  1917  a  gas  driverf  cutting  machine,  having  an  action  ledge  rock  ana  laige  ""  ^ 
similar  to  that  of  a  pile  driver,  was  devised  by  one  of  the  ishmg  of  the  gra,de,  amounted  to  $1,283.25,  giving  a  unit 
contractors  to  cut  out  patches.     It  is  not  altogether  satis-  price  of  20  ct.  per  cubic  yard. 
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Washing  and  Screening  Plant  for 
Aggregates  for  Concrete  Road 

I)illi<  iilti.N  111  s«(  iirJiiK  suitalili-  iiKKit'Katrs  for  the  con- 
siructioii  tif  (i'^  miles.  2U  ft.  wide  c-oncrete  road  in  King 
Count).  Wu.thington.  were  solved  by  erection  of  a  washing 
and  screening  plant  by  the  contractor.  The  plant  has  sev- 
eral novel  feature."*,  which  are  described  by  Mr.  C.  1'.  Mowry. 
onice  Assistant  to  King  County  engineer,  in  the  Concrete 
Highway  .Magazine,  to  which  we  are  indebted  for  the  matter 
that  follows. 

The  pit  which  was  finally  decided  upon  to  furnish  aggre- 
gates lies  near  the  right  of  way  of  the  road  about  midway 
of  the  contract,  but  the  nearest  water  supply  is  I'.-j  miles 
away  and  approximately  100  ft.  lower  in  elevation  than  the 
pit.  Here  the  pumping  plant  was  located,  which  consists 
of  one  4  by  4-in.  triplex  pump  with  2ij-in.  suction,  one  3  by 
4-in.  duplex  with  2-in.  suction,  driven  by  two  6  hp.  gas 
engines  and  discharging  into  a  force  main  about  IVi  miles 
long,  of  which  about  1.000  ft.  is  6-in.  wood  stave  pipe,  the 
remainder  being  4-in.  wood  stave  pipe.  The  combined  de- 
livery of  these  pumps  is  stated  to  be  approximately  50  gal. 
per  minute,  worlting  against  a  head  of  90  lb.  per  square 
inch  at  the  bunker  end.  The  main  discharge  is  used  flrsl 
to  obtain  clear  water  under  pressure  for  the  final  washing, 
surplus  being  discharged  into  a  clear  water  reservoir. 

The  principal  equipment  at  the  gravel  pit  consists  of  one 
Bagley  drag  line  scraper  of  1  cu.  yd.  capacity,  operated  by 
a  7  by  lO'i-in.  double  drum  hoist,  a  1-cu.  yd.  skip,  a  pebble 
and  sand  bunker  having  a  capacity  of  90  cu.  yd.  of  pebbles 
and  30  cu.  yd.  of  sand,  a  timber  settling  basin  for  dirfy 
water  about  20  by  30  ft.  and  3  ft.  deep,  with  an  80-ft.  set- 
tling flume  2  ft.  wide  carrying  8  in.  of  water  passing  over 
several  timber  catch  basins.  There  is  also  a  gasoline  pump 
located  near  the  bunkers  to  pump  water  from  the  settlinf; 
basin  to  the  first  washing  flume  of  the  plant,  and  a  clear 
water  reservoir  located  on  the  plant  above  the  pebble 
bunker  and  receiving  clear  water  from  the  pumping  plant. 
This  reservoir  has  a  capacity  of  about  13  000  gal. 

Materials  are  excavated  by  means  of  the  drag  line  scraper 
and  deposited  upon  a  timber  trap  built  over  the  lower  end 
of  the  incline  carrying  the  skip.  The  skip  hoist  conveys 
material  to  a  grizzly  at  the  head  of  the  washing  plant  lo- 
cated above  the  pebble  bunkers,  where  over-sized  material 
is  separated  and  returned  to  the  waste  dump.  The  first 
washing  is  given  at  the  grizzly  by  a  stream  of  water  amount- 
ing to  200  gal.  per  minute,  pumped  from  the  settling  tank 
by  a  10-hp.  engine  under  heavy  pressure,  washing  materials 
along  a  flume  about  16  ft.  long.  2  ft.  wide  and  IS  in.  deep, 
at  the  bottom  of  which  riffles  are  placed.  At  the  lower  end 
of  the  flume,  pebbles  are  discharged  upon  a  coarse  screen 
which  is  backed  by  a  screen  of  U-in.  mesh,  set  abotlt  6  in. 
behind  Sand  mixed  with  the  pebbles  pas.=es  with  the  wash- 
ing water  through  the  fine  screen  directly  into  the  sand 
washing  box.  while  the  pebbles  are  directed  through  a  chute 
into  their  bunker.  As  the  pebbles  pass  down  along  the  fine 
screen,  they  encounter  a  series  of  powerful  jets  of  clean 
water  coming  from  a  2-ln.  pipe  drilled  with  small  holes  and 
receiving  the  water  supply  directly  from  the  force  main 
leading  from  the  pump  located  at  the  pumping  plant.  These 
jets  retard  the  movement  of  the  pebble?  appreciably  and 
thorouRhly  wash  from  them  any  organic  matter  or  clay 
which  may  have  remained  adherent  after  having  passed  the 
first  flume. 

The  sand  box  Is  shaped  somewhat  like  a  small  bunker 
and  has  a  sloping  floor.  It  is  4>4  ft.  square,  5  ft.  high,  and 
Is  pivoted  upon  a  heavy  piece  of  pipe  as  an  axle,  with  a 
counterweight  consisting  of  a  box  filled  with  large  stone. 
Near  the  bottom  of  the  front  vertical  face  are  two  short 
sections  of  3-ln.  pipe  attached  to  a  limber  box  by  means 
of  standard  flanges.  The  outer  ends  of  short  pipe,  when 
the  sand  box  Is  empty,  bear  against  leather  washers  at- 
tached to  the  timbers,  which  serve  as  stoppers.  The  prin- 
ciple of  the  sand  box  Is  that  when  filled  with  water,  but 
containing  no  sand,  the  counterbalance  holds  the  box  in 
position  and  the  pipes  hearing  against  the  timber  prevent 
oulfiow  of  material.  When  sand  accumulates  In  the  bax  to 
a  convenient  deptli    whiih  mnv  be  ri'cul.nti'd  liv  stones  In  the 


counterweight,  the  box  automatically  tilts  downward,  mov- 
ing the  outlet  pipe  below  the  lowfer  level  of  the  timber, 
permitting  accumulated  sand  to  flow  into  the  sand  bunkers. 
Close  to  the  bottom  of  the  tipple  box  there  Is  another 
section  of  pipe,  drilled  with  holes,  pointing  upward,  through 
which  jets  of  clean  water  are  continually  forced  under  high 
pressure,  which  further  deans  the  sand.  The  overflow  from 
the  sand  box  is  conveyed  to  the  settling  flume  and  tank, 
where  It  Is  allowed  to  dear  before  again  used.  As  a  final 
precaution  to  securing  clean  material,  outlet  chutes  from 
the  pebble  bunkers  have  fioors  of  14-in.  mesh  screen  and 
directly   above   the   chutes   Is  another  series  of  2-ln.   pipe. 


^^ 


A— First  Washing.  Water  Supply  200  gal.  per  Minute  at  This 
Point.  B — Rejections  from  Grizzly.  C  — Flume  and  Riffles. 
D — Screen  Separates  Sand  from  Pebbles.  E — Sand  Washing 
Bex.  F — Pebble  Bins.  Pebbles  Receive  Final  Washing  Here. 
G— Skip    Hoist. 

drilled  with   holes,  to  direct  jets  of  clean  water  downward 
through  the  pebbles  as  drawn  into  motor  trucks. 

Since  the  development  of  the  plant  as  described,  samples 
of  the  material  submitted  to  the  colorimetric  test  show  prac- 
tically a  clear  liquid,  and  standard  briquets  made  with  a 
mixture  of  1  part  cement  to  3  of  sand  show  an  average  ten- 
sile strength  for  7  days  of  292  lb.  per  square  inch,  while  the 
same  cement  used  with  standard  Ottawa  sand  showed  251 
It)    at  7  days 


Old  Elevator  from  Crusher  Outfit  L sed  in 
Loading  Stone  into  Wagons 

.■\n  old  elevator  taken  from  a  rock  crushing  outfit  was 
successfully  employed  last  season  by  the  County  Road  Su- 
perintendent of  Holdimand.  Ont.,  for  loading  broken  stone 
from  cars  into  wagons.  .\  trench  was  cut  between  the  rails 
and  the  stone  dumped  through  the  pockets  in  the  bottom  of 
the  car  into  the  trench.  The  stone  was  conveyed  from  the 
trench  to  the  wagons  by  means  of  an  elevator  and  chute, 
the  elevator  being  driven  by  a  6  H.P.  gasoline  engine.  This 
method  worked  very  satisfactorily  and  without  Interference 
to  anything,  the  end  of  the  siding  being  used  for  the  pur- 
pose, the  car,  when  necessary,  being  moved  so  that  a  pocket 
would  be  over  the  trench.  A  wagon  of  2  cu.  yd.  capacity 
was  loaded  In  three  minutes  and  two  50-ton  cars  were  un- 
loaded In  a  day.  The  entire  outfit  consisting  of  an  engine, 
elevator  and  bin.  and  the  erection  and  taking  down  of  same, 
cost  approximately  $260. 
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Maintenance   Cost  of  Asphalt 
Pavement  at  Buffalo,  N.  Y. 

Detailed  records  of  asphalt  pavement  (repairs  have  been 
kept  for  many  years  by  the  city  of  Buffalo,  N.  Y.  These 
records  were  started  when  the  guarantee  on  the  first  pave- 
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Fig.    1 — Average   cost   of   repairs    per   square    yard    on    all    sheet 
asphalt    pavements    at    different    ages    to    date    of   condemnation — 


with    curve    

3  uaranty — after 


Pavements    laid     previous    to    18 
10-year   guaranty. 


ment  expired  and  its   maintenance  was  talien  over  by  the 
municipality.     Interesting  information  on  asphalt  pavement 
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Fig.    2 — Average    cost    of    repairs    per    square    yard    on    asphalt 
pavements   without   car  tracks    w/here    streets   were   fit    and    well 

constructed — with   curve  . 
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maintenance,  obtained  from  the  experiences  at  Buffalo,  was 
given  in  a  paper  presented  Oct.  3  at  the  convention  of  the 


American  Society  of  Municipal  Improvements  by  C.  E.  P. 
Babcock,  First  Assistant  Engineer,  and  J.  A.  Vandewater, 
Assistant  Engineer,  in  charge  of  repairs  of  the  Public  Works 
Department,  Buffalo. 

During  the  last  15  years,  or  up  to  June  30,  1917,  about 
3,000,000  sq.  yd.  of  asphalt  pavement  have  been  maintained 
annually;  the  greatest  number  of  square  yards  being  3,139,- 
731  in  1911,  and  the  least,  2,858,634  in  1916. 

The  average  cost  per  square  yard  on  total  yardage  main- 
tained has  varied  from  $0.0162  in  1903  (due  to  the  small 
appropriation  available  that  year  for  this  purpose),  to 
$0.0827  in  1913— the  average  for  the  last  15  years  was  a 
little  over  5  ct.  per  square  yard.  This  rate,  however,  does 
not  represent  the  necessity  of  repair  which  the  department 
might  rcommend,  but  is  influenced  by  the  funds  available. 
The  last  5  or  6  years  the  appropriation  for  this  purpose  has 
been  very  fair. 

Up  to  June  30,  1917,  $2,899,781  has  been  expended  on  re- 
pairs to  asphalt  pavements.  The  average  rate  per  square 
yard  in  area  of  the  streets  repaired  was  $0.0653  and  on 
the  area  maintained  $0.0451.  64,300,000  year  yards  repair 
of  paving,  carrying  5-year  guaranty  prior  to  1898  and  10- 
year  guaranty  on  pavement  laid  since  1898,  show  an  aver- 
age annual  rate  of  $0,045  per  square  yard.  The  present  av- 
erage age  of  all  asphalt  pavements  under  city  maintenance 
is   about   21.7   years. 

The  accompanying  diagrams.  Figs.  1  and  2,  show  the  aver- 
age cost  of  repairs.  These  curves  were  first  prepared  in 
1912  by  Capt.  George  H.  Norton,  City  Engineer,  and  have 
now  been  brought  up  to  1917. 


Snow  Removal  from  Motor  Convoy  Routes 

The  Highways  Transport  Committee,  Council  of  National 
Defense,  which  co-operated  last  winter  with  various  State 
Highways  Departments  in  the  removal  of  snow  from  motor 
convoy  routes  extending  over  north  and  middle  western 
states  to  seaboard,  is  now  preparing  to  undertake  this  im- 
portant work  during  the  coming  winter.  The  State  High- 
ways officials  of  Pennsylvania,  New  York,  Ohio,  Illinois, 
Indiana,  Michigan,  New  Jersey,  Massachusetts,  Connecticut, 
Delaware  and  Maryland,  which  co-operated  with  the  High- 
ways Transport  Committee  and  the  War  Department  most 
effectively  last  winter,  will  be  called  upon  again  to  aid  in 
planning  the  snow  removal  program  now  being  arranged. 
The  Legislature  of  New  York  has  provided  the  State  High- 
way Commissioner  with  a  fund  of  $50,000  to  be  used  in  help- 
ing to  keep  clear  of  snow  those  roads  to  be  used  by  Govern- 
ment trucks.  An  organization  which  will  extend  down  to 
the  State,  District,  county  and  community  organizations, 
of  the  Highways  Transport  Committee,  is  being  formed  to 
co-operate  with  the  war  department  and  the  State  High- 
ways Commissions  in  bringing  about  the  results  to  be  de- 
sired. The  Highways  Transport  Committee  has  arranged 
with  Prof.  Charles  S.  Marvin,  Chief  of  the  Weather  Bureau, 
to  have  forecasts  made  from  different  observation  points  in 
the  territory  expected  to  be  covered  by  these  motor  truck 
routes,  at  least  three  days  in  advance  of  the  starting  of  the 
trains.  In  this  way  it  is  hoped  to  be  able  to  anticipate  com- 
ing snowfalls  in  such  time  as  to  make  it  possible  to  guard 
against   them. 


Concrete  Guide  Posts  for  Wayne  County  Highway  Sys- 
tem.— The  County  Road  Commissioners  of  Wayne  County. 
Michigan,  has  begun  the  systematic  marking  of  its  highway 
system  and  already  has  expended  $5,000  for  this  purpose. 
The  guide  posts,  which  are  erected  at  each  important  inter- 
secting road  in  the  system,  are  of  reinforced  concrete  set 
on  a  concrete  foundation.  Each  is  10  ft.  high  and  the  road 
signs  are  securely  fastened  to  the  concrete  posts  by  metal 
brackets.  These  highway  markers  are  to  take  the  place  of 
all  signs  and  boards  which  are  attached  to  telephone  poles 
or  other  supports  now  on  the  road  right  of  way  and  giving 
distance  to  the  next  town,  often  incorrectly.  It  is  the  in- 
tention of  the  County  Road  Commission  to  clear  all  other 
road  signs  and   billboards   from   the  highway  right  of  way. 
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Tile  Foundation  for  Overcoming 

Destructive  Action  of  Frost  on 

HardlSurface  Pavements 

A  new  type  of  fouudation.  desijineci  to  prevent  longitudinul 
crackH  In  hard  surface  pavements,  was  described  by  Mr. 
Wm.  t'.  Perkins.  Chief  Engineer.  Punn  Wire-Cut  Lug  Brick 
Co..  Conneaut.  O..  In  a  paper  presented  Oct.  3  at  the  con- 
vention of  the  American  Society  of  Municipal  Improve- 
ments. The  foundatiod.  which  was  designed  by  Mr.  Per- 
kins, Is  described   in  his  paper  as  follows: 

"Upon  the  earth,  or  prepared  subgrade.  lay  i  course  of 
two-duct  tile  4-ln.  In  height,  outside  measurement.  The 
surface  measurements  could  be  any  standard  size,  but  I 
would  suggest  8%  In.  wide  by  12  in.  long.  They  may  be 
made  of  any  desired  material,  such  as  concrete,  vitrified 
shale  or  clay,  and  of  any  shape  or  form. 

"Complete  this  foundation  with  2  in.  or  4  in.  of  concrete 
or  other  suitable  material.  We  have  then  prepared  a  6-in. 
to  8-in.  foundation  upon  which  to  place  our  wearing  sur- 
face of  any  standard  paving  material— brick,  block,  con- 
crete or  bituminous. 

"By  the  use  of  the  tile  in  the  artificial  foundation,  we 
endeavor  to  minimize  the  force  of  the  upward  pressure  of 
a  frozen  subgrade: 

"(1)  The  tile  acts  as  a  non-conductor  of  heat  between 
the   ground    and   the   paving;    the   air   within   the   ducts   of 


~[  ]  ]  Wearing  Surface 


,,S  f 


Djgaiacicpipapq  ^> 


Corcre^) 

f  Fourrdai'ron 


Subarade 
y.cH  Air  ioacei  j/V '5'  H  scared  or  '^ire  cu^ 
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the  tile  serving  as  a  non-conductor  prevents  the  frost 
from  penetrating  through  the  pavement  to  the  subgrade. 
In  many  sections  this  type  of  construction  may  prevent 
actual  freezing  of  the  subgrade.  while  in  extreme  northern 
sections   It  will   materially  reduce  the  freezing. 

"(2)  When  the  earth,  or  subgrade,  does  freeze,  notwith- 
standing the  heat  insulation  of  the  tile,  we  believe  that 
the  upward  pressure  of  the  frozen  subgrade  would  be  dis- 
sipated by  the  eventual  breaking  of  the  tile,  and  that  the 
force,  or  explosion,  would  be  compensated  by  the  air  space 
and  not  be  transmitted  to  the  paving  above.  In  case  the 
tile  be  too  strong  to  break  under  pressure  of  a  frozen  sub- 
grade,  the  bottom  of  the  tile,  under  the  air  spaces,  could 
be  "scored."  thus  providing  a  weak  spot  to  break  under  this 
upward  pressure.  The  superfoundation  and  the  wearing 
surface  would  be  sufficiently  strong  to  bridge  over  any 
breakage  of  the  bottom  of  the  individual  tile  under  the  air- 
space sections,  since  the  walls  and  partitions  of  the  tile 
would  remain  intact  and  would  afford  ample  support  to  the 
superfoundation. 

"(3)  The  tile  would  also  act  as  drains  to  carry  off  any 
ground  water  or  water  drawn  Into  them  by  capillary  ac- 
tion, thus  lessening  the  hazard  of  cracking  due  to  the  up- 
ward force  exerted  by  frost  in  the  subgrade. 

"The  tide  may  be  laid  longitudinally,  transversely  or  diag- 
onally. 

"If  laid  either  transversely  or  diagonally,  the  water  would 
oe  carried  to  the  curb  or  edge,  where  it  can  be  taken  care 
of  by  means  of  longitudinal  drains  or  French  drains  of 
gravel   or  stone. 

"If  the  t;ie  are  laid  longitudinally  the  water  can  be  taken 
care  of  at  regular  intervals  by  cross-drains  of  tile  or  by 
F'rench  drains  of  gravel  or  stone. 

"The  grade  and  cross-section  of  the  Improvement  would 
determine  these  details. 

"It  Is  ditncult  to  estimate  comparative  prices  in  these 
abnormal  times,  but  basing  estimates  on  available  data,  the 
4-ln.  tile  should  not  cost  more  than  4  in.  of  concrete  In 
place,  and  if  constructed  as  suggested  the  tile  and  con- 
crete foundation  should  be  able  to  carry  at  least  the  same 
load  as  If  the  foundation  were  entirely  of  concrete  or  of  a 
material   of  equal   load-bearlnp  strength. 

"The  type  of  foundation  1  have  suggested  as  a  means  of 
preventing  longitudinal  cracking  of  hard  surface  pavements 


Is  the  result  of  study  and  experience,  and  while  it  has  not 
been  subjected  to  the  final  test  of  practical  service  under 
all  kinds  of  climatic  and  traffic  conditions,  1  have  sufflcient 
faith  in  its  utility  for  the  purpose  designed  to  have  the 
type  of  construction  protected  by  patent." 


Buffalo  Planning  for  Post-War  Improve- 
ments 

Buffalo.  N.  Y.,  Is  one  of  the  few  cities  in  this  country  that 
has  taken  action  toward  formulating  a  broad  constructive 
policy  regarding  after-the-war  public  Improvements.  On 
July  31,  the  city  council  adopted  unanimously  the  following 
recommendations  submitted  by  .Mr.  t^harles  M.  Heald,  Com- 
missioner. Department  of  Financial  Accounts: 

Two   major   problems   now   confront   our  country: 

1.  The  winning  of  the  war. 

2.  The  re.-itoration  of  pursuits  of  peace  when  the  war  ha.s  kieen 
won. 

or  course,  at  the  present  time  the  first  problem  over»ha<]owa 
the  .second,  but  the  nearer  we  approach  victory  on  the  battle- 
field, the  larKcr  will  loom  the  Importance  of  the  second  problem 
If  we  can  contribute  much  to  the  solution  of  the  second  problem 
without  detracting  one  iota  from  the  llrsl.  viz..  decisive  victory 
over  the  enemies  of  democracy,  so  much  the  better.  In  so  far 
as  expenditure  of  capital  and  employment  of  UlMr  for  public 
improvements  are  concerned,  the  two  problems  are  related  so 
clo.sely  that  in  properly  solving  one  we  contribute  largely  to 
the  solution  of  the  other. 

Without  any  thought  of  an  Immediate  peace,  the  National 
Government  is  already  concerned  with  the  problem  which  will 
be  presented  by  the  disbanding  of  the  army.  The  men  who  are 
now  flghtinpr  in  France  will  have  to  be  absorl>ed  in  useful  occu- 
pations, and  the  men  and  women  who  are  now  engaged  in  war 
industries  In  Buffalo  will  have  to  be  provided  with  opportunities 
for  employment  in  the  walks  of  peace.  We  will  then  be  face  to 
face  with   the  necessity  for  a  colos.ol   readjustment. 

This  city  has  a  large  margin  between  its  l>onded  indebtedness 
and  the  limit  imposed  by  the  State  Constitution,  about  ^0,000,000 
in  fact.  Our  flnancial  condition  after  the  war  will  be  adequate 
to  take  care  of  any  reasonable  improvement  program.  By 
formulating  such  a  program  in  advance  and  being  prepared  to 
execute  It  without  delay  when  the  time  comes  we  will  have 
done  much  toward  solving  our  "after-the-war"  problem.  Such 
a  program  should  include  grammar  school  construction,  street 
paving,  sewer  construction,  water  main  extension,  the  erection 
of  a  city  office  building,  river  and  harlwr  development,  and  any 
other  improvements  which  will  contribute  to  the  peace  and 
happiness  of  our  people. 

I  would,  therefore,  respectfull.v  recommend  that  the  Council 
submit  all  new  work  to  the  tfcst  herein  referred  to  before  author- 
izing expenditures,'  whether  the  money  is  to  be  raijiod  by  l>ond 
issues  or  taxation,  and  1  would  further  respectfully  recommend 
that  the  head  of  each  major  department  be  requested  to  submit 
to  the  Council  not  later  than  Nov.  1  a  comprehensive  statemeni 
of  public  improvements,  which  his  respective  department  con- 
siders as  properly  belonging  to  an  "after-the-war"  improvement 
program:  and  I  would  further  recommend  that  the  Board  of 
ICducation  be  and  la  hereby  requested  to  submit  to  the  Council 
not  later  than  Jan.  1  next  a  statement  of  the  number  and  size 
of  grammar  schools  which,  in  the  Judgment  of  the  Board,  should 
be  erected  as  soon  as  the  war  has  been  won. 


Method  of  Raising  Sunken  Pavement  Slabs 
to  Grade 

The  settlement  of  a  fill  in  a  concrete  road  in  Chelan 
County.  Washington,  caused  the  ends  of  two  abutting  slabs 
on  one  expansion  Joint  to  sink  about  4.8  in.  The  slabs  were 
restored  to  grade  line  by  the  following  method:  The  dirt 
was  removed  from  underneath  the  point  of  settlement  for 
half  the  width  of  the  pavement  and  to  a  depth  of  about  3  ft 
lOlght  2^-ln.  and  3-ln.  Jacks  resting  on  two  3-ln.  planks  were 
placed  In  the  excavation.  Two  3-ln.  planks  were  placed  on 
top  of  the  jacks  to  distribute  the  load  equally.  The  slabs 
were  gra^dually  raised  until  the  lops  were  at  grade  line.  The 
dirt  was  then  placed  under  the  slab  and  well  rammed  into 
position.  A  fine  longitudinal  crack  developed  In  the  center 
of  the  panels  raised,  after  the  work  had  been  completed, 
but  otherwise  there  was  nothing  to  indicate  that  the  slabs 
were  not  as  good  as  new.  The  work  was  carried  out  under 
the  direction  of  Mr.  K.  M.  Berry.  Cotinty  Engine<'r. 
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Application   of    Pneumatic  Drills 
for  Making  Pavement  Cuts 

The  removal  of  asphalt,  concrete  or  block  pavements  by 
hand  work  for  opening  streets  for  underground  mains  is  a 
relatively  expensive  job.  Of  late  pneumatic  drills  have  been 
applied  in  this-  work,  with  excellent  results.  An  excellent 
summary  of  the  use  of  these  tools  for  opening  pavements  is 
given  by  Mr.  H.  L.  Hicks  in  Compressed  Air  Magazine,  from 
which  the  followiDg  notes  have  been  taken. 
•  Making  Cuta  in  'Concrete  Pavement. — In  Des  Moines,  la., 
electric"" service  lines  were  to  be,  laid  in  underground  conduit. 
By  harfd  methods. , iit,,had.  been^mecessary  to  remove  whole 
I)an€ls  of  concrete  paving,  in  spite  of  the  fact  that  a  narrow 
trench  was  all  that'  was  needed.'  The  .engii-rcr  introduced 
the  jackhamer  and  it  was  demonstrated  that  by  using  the 
air  drill  it  was  possible  to  restrict  the  cutting  to  a  strip 
aTidiit  a  foot  in  width;  a  decided  saving  in  the  amount  of 
pavement  torn  up.  Hand  work  would  have  cost  about  40 
ct.  per  foot.  With  the  introduction  of  two  drills  and  an  elec- 
tric pQrta,bJ^  cop:)pressor..it,  was  estimated  that  the  figure 
could,  be  cut  to,  30  ct.,  but. actual  results  showed  a  cost  of 
IS  ct.  per  footi 

In 'cutting  concrete,  under  such  conditions  as  in  the  sub- 
way construction  In  New  York  City,  where  the  problem 
has  been  merely  to'  tear  out  paving,  foundations  and  other 
concrete  without  blasting,  it  Is  common  practice  to  use  a 
pointed  chisel  rather  tha,n  the  usual  rock  drill  bit.  As  the 
rotation  of  the  steel  is  unnecessary,  shanks  are  made  round 
instead  of  hexagonal.  This,  of  course,  renders  the  auto- 
matic steel  rotating  action  of  the  drill  superfluous.  The 
chisel  bit  is  very  effective  where  concrete  is  of  3  or  4-in. 
thickness,  as  it  permits  the  wedging  and  breaking  off  of 
relatively  large  chunks. 

Thp  problem  of  concrete  pavement  cutting  has  led  to 
t)ie  adaptation  of  other  air  tools  to  the  work.  On  part  of 
the  subway  work,  above  mentioned,  a  heavy  riveting  ham- 
mer, when  fitted  with  suitable  chisel,  was  found  an  excellent 
pneumatic  pick.  In  other  cases  the  pneumatic  tie  tamper 
has  ibeen  fitted  with  a  sharpened  pick  and  developed  into  a 
conveniently  handled  concrete  remover.  In  removing  con- 
crete pavement  preparatory  to  replacing  the  rails  of  a 
Chicago  street  railway,  a  strip  6  to  S  in.  wide  was  torn  out 
at  a  rate  of  30  ft.  per  man  per  hour.  Average  performance 
reports  indicate  that  pneumatic  equipment  will  better  the 
working  speed  of  a  gang  of  twice  as  many  men  using  hand 
picks. 

Removing  Asphalt  Paving. — For  this  service  the  tie  tamp- 
er is  a  time  and  labor  saver.  A  flat  chisel  of  about  3  in. 
width  is  used.  First  the  pavement  is  scored  with  the  tool 
in  an  inclined  position.  Then  it  is  held  upright  and  the  pav- 
ing cut  through  and  pried  up.  This  method  of  applying  tie 
tampers  was  developed  by  the  street  railways  and  shows 
such  excellent  saving  that  it  will  be  undoubtedly  applied  by 
municipal  contractors  to  similar  work.  At  Blmira,  N.  Y., 
four  men  removed  approximately  600  sq.  ft.  per  hour,  at  a 
fraction  of  the  cost  of  hand  work. 

Another  tool  also  used  for  the  same  work  is  a  smaller 
hand  pick.  With  this  tool  narrow  grooves  are  cut,  marking 
the  portion  of  the  asphalt  to  be  removed,  at  an  average  rate 
of  20  lin.  ft.  per  hour. 

Removing  Bitulithic  Paving. — Bitulithic  pavement,  being 
softer  and  of  somewhat  sticky  nature,  is  removed  in  a 
slightly  different  manner.  A  chisel  some  1%  or  2  in.  in 
width  is  employed  to  make  a  series  of  cuts,  each  the  width 
of  the  chisel  and  spaced  about  2  in.  apart.  Cuts  of  just 
sufficient  depth  to  mark  a  distinct  cleavage  line  are  made  on 
one  side  and  the  ends;  the  pavement  is  cut  through  on  the 
remaining  side,  a  crowbar  is  slipped  under  and  the  block 
or  slab  of  pavement  pried  out.  At  Portland,  Ore.,  pavement 
of  this  kind  was  removed  in  slabs  4-ft.  x  4%  ft.  at  a  cost 
of  49  ct.  per  square  yard. 

Removing  Block  Pavement. — In  tearing  up  block  pave- 
ment, any  of  the  tools  can  be  used,  although  a  hand  hammer 
is  most  useful  when  it  comes  to  toothing  out  the  edges  of 
the  section  removed  or  cleaning  used  blocks  of  the  adher- 
ing binder.    With  the  introduction  of  air  hammers  a  marked 


reduction  in  the  breakage  of  blocks  is  to  be  noted.  In  one 
city  where  air  tools  are  used  it  was  found  that  a  five-man 
gang  using  two  hammers  removed  and  cleaned  2,000  paving 
bricks  in  an  8-hour  day — as  compared  with  1,000  brick  for 
10  men  working  by  hand. 


Hauling  10-Ton  Dinky  on  Trailer 

Transportation  difficulties  due  to  the  scarcity  of  freight 
cars,  embargoes,  etc.,  have  been  overcome  in  large  measure 
by  the  Commissioners  of  Wayne  County,  Michigan,  by  the 
use  of  motor  trucks  and  trailers.  On  many  of  the  construc- 
tion   operations    of    the    Commissioners    it    is    necessary    to 


Truck    and    Trailer    Transporter,     10-Ton     Industrial     Locomotive. 

convey  materials  and  equipment  to  remote  portions  of  the 
county.  The  accompanying  illustration  shows  a  10-ton  in- 
dustrial locomotive  being  hauled  on  a  Fruehauf  semi-trailer 
by  a  4-ton  truck. 


Machinery  and  Labor  Saving  Devices  on 
Connecticut  Road  Work 

Connecticut,  like  other  states,  is  faced  at  the  present 
time  with  the  necessity  of  maintaining  its  roads  under  ex- 
tremely adverse  conditions.  On  the  one  hand,  there  is  a 
concentrated  truck  and  motor  vehicle  traflic  unparalleled  in 
the  history  of  highway  maintenance  in  this  or  any  other 
country.  On  the  other  hand,  there  is  a  shortage  of  labor 
and  the  difficulty  of  securing  materials  for  maintenance 
purposes. 

The  first  requisite  to  meet  this  situation,  states  Mr.  C. 
.1.  Burnett,  State  Highway  Commissioner,  in  July  Public 
Roads,  is  additional  attention  on  the  part  of  the  supervising 
agents;  second,  the  utilization  of  machinery  and  labor- 
saving  devices  to  a  greater  extent  than  in  the  past;  and 
third,  the  securing  of  substitutes  for  material  formerly 
used  but  not  at  present  available,  meaning,  in  case  three, 
that  local  available  materials  must  be  used  even  though 
less  adapted  to  requirements. 

In  a  broad  way,  an  attempt  has  been  made  first  to  in- 
crease the  effort  of  the  supervising  agents  by  an  appeal  to 
their  patriotism  by  a  suggestion  of  necessity  of  work  at 
high  pressure  to  maintain  a  standard  of  excellence  which 
has  always  been  a  matter  of  pride,  and  also  to  increase 
wages  so  as  to  make  it  more  attractive  for  the  men  than 
in  the  past. 

In  connection  with  labor  saving  by  the  use  of  machinery, 
the  motor  truck  has  been  utilized  to  a  great  extent  in  de- 
livering material,  spreading  sand,  gravel,  and  oil,  and 
transporting  gangs  of  men  from  one  point  to  another  at 
high  speed.  Advantage  has  been  taken  of  mechanical  load- 
ers for  gravel  and  sand,  doing  away  with  hand  shoveling  so 
far  as  is  possible.  Mechanical  spreaders  for  sand  and  gravel 
to  cover  oil  or  other  bituminous  material  have  been  utilized 
where  possible.  In  fact,  wherever  it  is  feasible  to  sub- 
stitute any  machine,  in  such  a  manner  as  to  save  labor,  it 
has  been  done  even  at  a  money  loss.  The  department  has 
also  purchased  a  great  amoimt  of  equipment  so  that  local 
material  can  be  quickly  utilized.  Such  equipment  consists 
of  stone  crushers,  gravel  screens,  and  machinery  of  a  like 
nature. 
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Who  Shall  Pay  For  Paving?* 

lly   KUAS   1£.  UlTTON. 
AiuLstuiit    City    EnBlnotr.    MIrinviipolls,    Minn. 

Who  shall  put  the  pay  In  paving?  Those  who  receive  the 
beueflls—  The  iiuestion  and  answer  is  stated  in  the  short- 
est, most  logical  and  equitable  manner.  There  is  no  ques- 
tion but  that  the  improvement  of  a  street  or  road  Is  a  bene- 
nt.  else  such  improvements  would  not  be  made.  Streets 
and  roads  are  made  for  the  accommodation  of  the  general 
public  and  abutting  lands  to  facilitate  communication  among 
peoples.  This  is  the  basic  idea  that  the  use  of  the  roads 
and  streets  should  be  free  and  that  the  public  as  a  whole 
should  pay  for  the  improvement  of  such  thoroughfares. 
This  may  look  good  on  the  face  of  it,  but  let  us  see  how  It 
works  out. 

The  road  and  street  that  is  given  for  the  free  use  of  the 
public  is  in  the  condition  as  originally  left  by  nature,  and 
maybe  it  can  be  used,  but  generally  it  cannot  be  used  to  any 
advantage  by  the  public,  therefore  the  abutting  lands  can- 
not be  utilized  because  of  insufflcient  approach.  In  such  a 
case  the  land  is  of  little  value,  but  improve  the  street  or 
road  and  the  land  immediately  takes  on  an  added  value  by 
reason  of  such  improvement,  and  such  enhanced  value  is 
attributed  directly  to  the  improvement.  In  other  words,  the 
improvement  is  a  decided  benefit  to  such  land.  This  en- 
hancing in  value  of  abutting  property  can  and  is  seen  in 
every  city,  and  in  every  case  where  streets  or  roads  are 
paved,  and  generally  the  increased  value  of  the  property  is 
more  than  the  cost  of  the  improvement.  Shouldn't  these 
benefited  lands  pay  for  the  paving? 

There  are  also  other  lands  not  abutting  on  the  street  or 
road,  but  lying  a  little  removed,  say.  in  a  city  a  block  or  so 
away.  This  property  is  also  benefited  to  some  extent,  and 
should  also  contribute  something  toward  the  improvement. 
Perhaps  in  the  case  of  this  original  improvement  the  gen- 
eral public  might  be  considered  benefited  to  some  extent 
so  that  the  payment  for  the  original  pavement  would  be 
made  by  these  three  classes,  the  larger  of  which  is  naturally 
the  abutting  land,  and  in  much  lesser  proportfon  the  con- 
tiguous land  and  the  general  public.  In  a  great  many  places 
the  whole  cost  is  paid  by  the  abutting  property,  and  in  oth- 
ers the  general  public  pays  for  the  street  intersections,  etc.. 
in  paying  their  part  of  the  total  frontages.  In  no  city  has 
it  been  successful  to  compel  the  general  public  to  pay  a  very 
large  part  of  the  expense,  as  they  will  not  stand  for  it.  and 
therefore  no  work  will  be  done. 

For  the  purpose  of  financing  the  work  and  making  the 
annual  payments  against  the  abutting  property  reasonable. 
the  governing  body  should  provide  the  funds  as  a  loan,  and 
make  the  time  of  yearly  pavements  extend  over  a  term  of 
years,  say.  from  5  to  20  years.  After  this  original  pavement 
Is  paid  for.  the  abutting  property  should  not  be  called  on 
to  pay  for  another  pavement,  as  the  road  when  it  is  com- 
pleted is  turned  over  to  the  operating  department,  so  to 
speak,  similar  to  railroad  management. 

While  we  are  speaking  of  railroads,  did  you  ever  notice 
the  similarity  between  roads  and  railroads?  The  construc- 
tion is  done  by  bonds  and  stocks  in  railroads,  and  by  bonds 
and  abutting  street  holders  in  roads.  After  construction,  it 
Is  turned  over  to  the  operating  department,  which  is  the 
management  in  railroads,  and  expenses  for  maintenance, 
bettefments  and  operation  Is  paid  by  the  traffic  rates,  and 
in  the  case  of  roads  such  maintenance,  repairs  and  renew- 
als should  be  paid  by  the  users  of  the  road,  in  the  shape  of 
license  or  wheel  tax.  proportioned  to  use.  Another  striking 
similarity  is  also  shown  in  the  increased  loads,  trains  and 
engines  in  the  case  of  railroads,  and  necessitating  the  al- 
most whole  reconstruction  of  the  roadways,  bridges,  etc., 
to  permit  of  such  Increases.  So,  In  the  case  of  the  improved 
roads,  it  has  Increased  the  loads,  and  by  the  development 
of  the  auto  trucks,  it  has  necessitated  the  reconstruction  of 
many  roads  and  the  building  of  better  and  more  substantial 
road  surfaces.  In  the  case  of  the  railroads,  the  users  pay 
for  these  Improvements,  and  why  not  so  on  our  roads?  It 
surely  would  be  unfair  to  the  abutting  property  owner  to  be 
obliged  to  pay  for  the  repairs  of  his  road  which  were  made 


necessary  by  reason  of  the  use  of  the  road  by  persons  that 
did  not  contribute  to  Its  original  cost.  Make  the  persons 
benefited  pay  for  the  cost  of  what  they  use.  Is  it  fair  for 
luf  to  pay  for  a  pavement  to  be  used  by  you  for  your  per- 
sonal benefit? 

Another  feature  of  the  present-day  use  of  roads  Is  the 
general  tendency  to  increasing  the  loads  enormously  without 
any  regard  or  reference  to  the  ability  of  the  pavement  to 
hold  up  under  these  loads.  There  are  millions  of  yards  of 
improved  streets  and  roads  in  the  county  costing  millions 
and  millions  of  dollars  which  are  being  destroyed  by  ruth- 
less overloading,  and  all  of  this  has  been  paid  for.  not  by 
the  users  or  abusers,  but  by  the  property  owners  who  re- 
ceive almost  no  benefit  by  this  abuse.  Who  shall  pay  for 
this  destruction  and  reconstruction?  Surely  the  users,  but 
before  total  destruction,  regulations  should  be  made  by  the 
authorities  as  to  allowed  loading  so  as  to  prevent  the  roads' 
destruction,  and  if  heavier  road  surfaces  are  necessary,  to 
provide  funds  and  methods  for  such  heavier  roads.  The 
government  and  public  are  beginning  to  awaken  'o  this 
fact,  and  are  asking  why  should  we  provide  a  smooth  and 
economical  roadway  without  cost  to  private  parties  to  use 
for  their  personal  benefit. 

Some  of  the  license  laws  of  our  state  are  a  farce  when 
they  license  a  light  passenger  car  or  a  heavy  6-ton  truck 
for  3  years  for  $5.  Make  the  tax  or  license  commensurate 
with  the  use  and  destruction  of  the  road  surface. 

There  is  another  item  of  destruction  to  road  surfaces,  and 
that  is  climatic  conditions,  and  perhaps  the  general  public 
might  be  entitled  to  pay  for  such  deterioration,  but  it  would 
be  sm^ll  compared  to  the  use.  Investigation  and  statistics 
should  be  made  and  collected  to  provide  some  basis  for 
these  license  fees,  and  it  should  be  done  quickly  or  there 
will  be  no  pavement  left  to  use.  Make  the  persons  benefitd 
pay  for  the  paving. 


•Piipor  presented  at  the  recent  con^ 
ly    of    Municipal    Improvprnenl.". 


entlon  of  the  American  So- 


Concrete  Road  Practice  of  Wayne 
County,  Mich. 

Recent  changes  in  the  concrete  road  practice  of  Wayne 
County,  Michigan,  were  described  by  Mr.  Edward  X.  Hines, 
Chairman  County  Road  Commission,  in  an  address  last 
September  before  the  Michigan  State  Road  Association. 
The  changes  made  during  the  past  year  include  increasing 
the  thickness  and  width  of  the  pavement  and  the  adoption 
of  2-course  construction. 

The  pavement  thickness  has  been  increased  from  an  aver- 
age depth  of  7%  in.  to  S'4  in.  The  present  standard  paved 
width  is  IS  ft.,  but  the  Commissioners  are  advocating  the 
adoption  of  a  24-ft.  concrete  road  which  will  be  32  ft.  over 
all  for  roads  buUt  10  miles  out  from  the  limits  of  cities. 
One  24-ft.  wide  road  already  has  been  built. 

Owing  to  the  congestion  of  motor  truck  and  trailer  traf- 
fic the  Commission  has  found  it  advisable  on  Sundays  and 
holidays  to  make  the  Jefferson  and  Mack  highways  one 
way  roads  for  12  miles  out  from  the  center  of  Detroit  and 
through  a  number  of  small  villages.  Under  this  plan  the 
trafilc  goes  out  by  the  Jefferson  Road  and  crosses  to  the 
.Mack  Road  for  the  return  trip. 

The  county  recently  changed  its  specifications  to  2-course 
construction,  substituting  crushed  Wisconsin  granite  or 
trap  rock  for  pebbles  in  the  wearing  course.  Mr.  Hines 
states  that  the  new  construction,  despite  the  greater  cost, 
is  believed  to  be  justified  by  the  quality  of  the  finished  job. 
Fewer  cracks  develop  in  the  roads  built  with  crushed  stone 
in  the  top  course  than  in  those  built  from  pebbles.  In  this 
construction  the  wearing  surface  is  laid  when  the  base  is 
still  wet,  and  It  is  compacted  and  becomes  an  Integral  part. 

Changes  also  have  been  made  in  the  use  of  expansion 
joints.  These  are  still  placed  at  25-ft.  Intervals,  but  the 
thickness  of  the  asphalt  composition  joint  filler  has  been 
increased  from  %  to  M  in.,  and  the  filler  is  placed  just  be- 
low the  finished  roadway,  the  concrete  being  carried  over 
it  with  the  strikeboard.  Steel  armored  joints  have  been 
di.scoulinued,  owing  to  the  scarcity  and  high  price  of  steel 
and  the  difllculty  in  getting  absolutely  even  joints.  Excel- 
lent results  have  been  obtained  with  submerged  joints  In 
eliminating   Irregularities,    and    when    the    film    of   concrete 
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which  covers  them  finally  breaks,  they  can  be  maintained 
with  Tarvia  and  coarse  sand.  The  Commissioners  do  not 
consider  the  entire  elimination  of  expansion  joints  good 
practice;  instead  they  have  increased  the  joint  Vs  in.  in 
width. 

A  minimum  of  lOOtt.  radius  for  curves  has  been  estab- 
lished, and,  where  necessary,  extra  right-of-way  is  acquired 
to  obtain  this  radius.  The  policy  of  super-elevating  all 
curves  of  700-ft.  radius  or  less  has  been  established.  All 
important  intersecting  roads  are  being  marked  with  rein- 
forced concrete  signposts,  10  ft.  high. 

Snow  removal  is  handled  by  the  three  superintendents 
who  have  charge  of  road  construction  in  the  summer.  They 
are  furnished  with  snow  plows,  scrapers,  graders  and  shov- 
els. Each  superintendent  is  required  to  inspect  his  road 
and  to  have  lists  of  men  and  team  owners  who  will  tu»n  out 
for  road  cleaning.  When  a  big  snowstorm  comes  he  gets 
at  work  in  the  shortest  possible  time. 


Curing  Concrete  Roads  by  Covering  with 
Road  Oil  and  34  in  Stone 

A  method  of  curing  concrete  roads  that  does  away  with 
the  dirt  covering  and  sprinkling  is  employed  by  the  Com- 
missioners of  Roads  of  Fulton  County,  Georgia.  The  plan 
was  described  by  Mr,  Wm.  A.  Hansell,  Jr.,  County  Super- 
intendent of  Public  Works,  at  the  recent  convention  of  the 
American   Society  of   Municipal   Improvements. 

After  the  concrete  is  sufficiently  set  to  allow  the  work 
to  be  done,  the  laltance  is  swept  off,  using  metal  push 
brooms  or  other  approved  method,  and  the  surface  covered 
with  bitumen  of  approved  quality  of  viscoscity  similar  to 
road  oil  now  used  on  Fulton  County  highways.  It  is  then 
covered  with  sufficient  %-in.  stone  to  absorb  any  excess 
bitumen.  The  road  is  blocked  from  all  traffic  for  14  days 
before  being  thrown  open  to  the  public. 

By  this  method  of  curing,  stated  Mr.  Hansell,  no  sprinkling 
is  necessary,  no  dirt  is  put  on  top  to  be  taken  off  later,  the 
traffic  is  admitted  earlier,  and  the  pavement  is  left  of  the 
same  appearance  as  bituminous  concrete.  It  i?  possible 
to  admit  traffic  sooner  because  the  bitumen  and  chats  form 
a  carpet  which  prevents  the  steel  tire  traffic  cutting  into 
the  new  concrete. 

The  experience  in  Fulton  County  has  shown  that  from 
4  to  5  sq.  yd.  of  concrete  may  be  covered  with  1  gal.  of 
bitumen.  The  aim  is  merely  to  seal  up  the  top  of  the  con- 
crete, thus  preventing  the  escape  of  any  moisture  from  the 
material.  This  plan  has  been  tried  with  the  laitance  left 
on  the  surface,  but  it  was  found  that  the  difference  in  the 
adherence  of  the  bitumen  to  the  surface  of  the  concrete 
was  considerable,  though  the  desired  insulation  from  evap- 
oration was  equally  good  and  the  amount  of  bitumen  re- 
quired was  reduced,  due  to  the  smoothness  of  the  laitance 
and  a  corresponding  reduction  in  thickness  of  bitumen 
left  of  the  surface.  In  either  case  the  insulation  from  evap- 
oration is  accomplished  and  the  selection  of  the  adoption 
becomes  one  of  the  cost  of  labor  as  compared  with  the 
good  appearance  of  the  road  for  a  slightly  increased  length 
of  time. 

The  Fulton  County  Commissioners  used  tar  and  asphalt 
for  this  covering  and  find  tar  gives  better  adherence, 
slightly  more  spread,  but  considerable  more  original  cost. 
They  are  now  using  Mexican  oil  about  80  per  cent  asphalt 
at  100  penetration,  the  same  material  as  Is  used  for  their 
road  oil  work. 


Direct  Loading  of  Aggregates  Re- 
duces Cost  of  Concrete  Road 
Construction 

An  excellent  system  for  the  direct  loading  of  aggregates 
was  employed  in  the  construction  of  a  10-mile  section  of 
the  Coleman  Du  Pont  concrete  road  in  Sussex  County,  Dela- 
ware. The  roadway  is  14  ft.  wide,  7  in.  deep  in  the  center, 
and  5  in.  on  the  sides.  The  concrete  was  mixed  in  the  pro- 
portions of  1  part  cement  to  2  parts  of  fine  aggregate  and  4 
parts  of  coarse  aggregate. 

The  only  ingredients  obtained  locally  for  the  construction 
of  the  road  was  water,  which  was  obtained  from  wells 
driven  about  a  mile  apart  alongside  the  road  and  was  con- 
nected with  2-in.  pipe  lines  with  taps  at  intervals  of  approx- 
imately 150  ft.  In  some  instances  a  small  elevated  storage 
tank  was  used,  but  where  there  was  a  sufficient  supply  of 
water  this  was  not  necessary. 

On  account  of  the  lack  of  suitable  materials  in  the  nearby 
vicinity,  it  was  necessary  that  all  materials  be  delivered 
by  railroad.  The  aggregate  was  loaded  directly  from  freight 
cars  into  box  containers,  in  correct  proportions,  transported 
to  the  concrete  mixer  and  dumped  directly  into  the  skip. 
For  emergencies,  stock  piles  of  sand  and  stone  were  main- 
tained at  the  freight  station,  but  these  were  seldom  used. 

The  containers  which  held  sufficient  aggregate  for  a  3-bag 
batch,  were  transported  to  the  construction  by  means  of  an 
industrial  railway.  Two  containers  were  placed  on  each 
car  and  a  train  load  of  15  cars  hauled  to  the  mixer.  Con- 
tainers were  lifted  from  the  cars  by  means  of  a  derrick  at- 
tached to  the  concrete  mixer.  Three  men  were  required  to 
dump  the  container  into  the  skip  and  one  man  was  necessary 
on  the  derrick  to  lift  the  containers  from  the  truck.  After 
the  container  was  lifted  approximately  4  in.  It  would  clear 
the  body  of  the  car. 

The  transporting  of  materials  was  carried  on  by  three 
trains  handled  by  an  industrial  engine.  While  one  train  was 
being  loaded  at  the  freight  station,  the  second  train  was 
being  hauled  to  the  concrete  mixer,  and  the  third  train  was 
being  unloaded  at  the  concrete  mixer.  This  method  worked 
out  very  satisfactorily  up  to  a  4-mile  maximum  haul,  and 
with  proper  equipment  there  should  be  no  limit  for  the  sat- 
isfactory working  of  this  method.  The  cars  holding  the 
containers  were  moved  at  the  concrete  mixer  by  hand  or  by 
mule. 

It  was  necessary  to  have  a  siding  for  storing  the  empty 
cars  near  the  mixer  in  order  to  allow  the  trains  to  pass. 
This  siding  was  moved  each  day  with  very  little  trouble  and 
at  small  expense. 

The  specifications  required  that  all  concrete  should  be 
mixed  1%  minutes  and  there  was  no  delay  on  account  of 
the  direct-loading  method.  Under  favorable  conditions,  ap- 
proximately 600  ft.  of  14-ft.  pavement  was  completed  in  one 
day,  all  the  concrete  having  been  mixed  1%  minutes. 

This  direct  loading  method,  states  Mr.  Charles  M.  Upham, 
Chief  Engineer  Delaware  State  Highway  Department,  in  an 
article  in  Public  Roads,  not  only  produced  more  uniform 
and  better  concrete,  but  it  increased  the  output  of  the  plant 
and  at  the  same  time  reduced  the  cost  of  construction' 


Survey  Parties  Needed  by  Construction  Division  of  Army. 
—The  Construction  Division  of.  the  Army  has  urgent  need  of 
50  chiefs  of  survey  party  at  $2,700  to  $3,000  a  year;  50  tran- 
sitmen  at  $2,400  a  year;  25  levelmen  at  $2,100  a  year;  125 
rodmen  at  $1,800  a  year;  150  chainmen  at  $1,800  a  year,  and 
50  topot;raphic  draftsmen  at  $2,100  a  year.  These  positions 
are  open  to  men  only,  except  the  drafting  positions,  which 
are  open  to  l.oth  men  and  women.  All  of  the  positions  are 
in  the  civil,  not  the  military,  service.  Persons  interested 
should  apply  to  the  U.  S.  Civil  Service  Commission,  Wash- 
ington, D.  C,  or  to  local  civil  service  boards  in  the  larger 
cities. 


Repairing  Ruts  in  Macadam  Roads 

Many  of  the  macadam  roads  in  Prince  Edward  County, 
Ontario,  constructed  of  a  rather  soft  limestone,  develop  two 
wheel  ruts,  the  road  surface  otherwise  being  in  good  shape. 
A  road  in  this  condition  is  repaired  in  the  following  man- 
ner; The  rut  is  first  well  wetted  with  water  and  crusher 
run  of  stone  is  added  to  it.  The  stone  is  then  rolled  tightly 
into  the  ruts  and  water  is  sprayed  over  the  whole  road. 
The  puddle  of  limestone  dust  and  water  which  is  thus 
formed  is  brushed  into  the  ruts,  making  a  kind  of  mortar 
to  hold  the  new  stone.  The  road  is  allowed  to  dry  out  a  lit- 
tle and  is  then  rolled.  If  the  work  is  properly  executed, 
good  results  are  obtained. 
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The  Engineer's  Creed* 

Obligations  of  the  Engineer.  The  engineer  has  obliga- 
tions; a  few  of  which  may  he  adverted  to. 

In  accept  lug  an  engagement  In  any  field  of  service  In 
which  he  has  not  already  proven  his  attainments  to  be  equal 
to  the  task,  he  should  be  frank  with  his  client  and  state  just 
what  his  previous  e.xperience  has  been  and  give  the  reasons 
which,  in  his  Judgment,  justify  his  undertaking  the  contem- 
plated work.  .Many  a  man  has  had  responsibilities  thrust 
upon  him  by  clients  who.  though  fully  aware  of  his  lack  of 
previous  experience  in  the  field  which  they  wished  him  to 
enter,  recognized  in  him  resourcefulness,  good  judgment,  in- 
dustry, and  frank  honesty,  which  they  believed  fitted  hlni 
to  carry  the  new  responsibility  to  a  successful  Issue;  and 
not  often  has  he  failed. 

The  engineer.  In  responsible  charge  of  construction  work 
which  is  being  done  by  a  contractor.  Individual  or  firm,  at 
once  exercises  two  functions,  one  requiring  engineering 
knowied|;e,  skill  and  experience;  the  other  judicial  fitness. 
He  becomes  the  arbiter  between  the  principal,  man,  firm,  or 
corporation  for  whom  the  work  Is  being  done  and  whose 
money  is  paying  for  it,  and  the  contractor  who  is  doing  the 
work.  He  must  be  a  just  judge,  executing  righteous  judg- 
ment between  the  parties  to  the  contract,  without  fear  or 
favor.  The  fact  that  his  client,  the  principal  or  first  party 
to  the  contract,  pays  him  must  not  have  the  value  of  a 
pennyweight  In  tipping  the  scale  in  favor  of  the  source  of 
bis  income.  The  engineer  owes  his  client  a*  allegiance  de- 
manding intelligent,  conscientious,  and  diligent  service. 
That  he  owes,  but  his  debt  demands  for  Its  liquidation  no 
act.  no  word  which  would  compromise  his  integrity  or  offend 
bis  sense  of  justice  an(l  right. 

The  engineer's  obligation  to  serve  is  not  limited  to  the 
duties  for  which  he  is  paid;  he  owes  it  to  his  equals  in 
service,  to  his  subordinates,  and  to  the  public  at  large.  His 
equals  are  his  brothers  with  whom  he  should  share  his 
knowledge  and  experience,  should  they  seek  it.  His  subor- 
dinates should  find  in  him  the  help  of  good  example;  the 
friend  with  whom  they  may  take  counsel,  and  the  mentor 
who  will  impart  of  his  knowledge  of  life,  of  men.  and  things, 
to  aid  them  In  shaping  their  conduct  and  their  purpose. 

To  the  public  at  large,  he  owes  good  citizenship.  With 
every  other  citizen  he  shares  responsibilities  for  government, 
civic,  state  and  national,  and  his  efforts  should  be  to  make 
government  good.  He  cannot  hold  himself  aloof  from  those 
activities  which  our  form  of  government  Imposes  upon  those 
who  live  under  it,  and  escape  responsibility  for  its  short- 
comings and  its  failures.  If  an  unworthy  man  represents 
him  in  any  governing  body,  he  shares  that  unworthiness 
unless  he  exercised  the  right  and  duty  of  good  citizenship 
and  tried  to  put  a  good  man  into  the  oflilce  that  the  weak  or 
bad  man  holds.  "They  also  serve  who  only  stand  and  wait" 
may  be  true  of  those  who  through  misfortune  are  cut  off 
from  life's  activities,  but  the  saying  does  not  apply  to  any 
live  engineer.  "He  must  be  up  and  doing."  He  must  keep 
his  mental  equipment  as  fit  for  service  as  the  soldier  keeps 
his  arms,  and  the  guiding  motives  of  his  life  true,  lest  they 
fail  him  when  the  hour  of  trial  comes. 

Moreover,  an  engineer  owes  a  professional  obligation  to 
the  public  by  reason  of  his  special  training  along  technical 
lines.  Therefore,  he  should  use  his  knowledge  and  experi- 
ance  to  promote  the  general  welfare  by  every  means  in  his 
power.  He  stands  upon  the  watch  tower  of  progress  to  warn 
against  danger  and  to  show  the  way  to  better  methods  in 
dealing  with  problems  of  engineering.  He  should  stand 
against  the  individual  or  group  of  individuals  who  try  to 
exploit,  for  their  own  profit  or  advantage,  forces  of  nature 
which  belong  to  the  nation,  the  slate,  or  the  municipality, 
without  making  a  just  return  therefor  to  the  rightful  owners 
of  the  potentiality. 

Wherefore  should  an  organization  of  honorable  men  pre- 
sent a  code  of  ethics  when  each  carries  in  his  own  mind 
and  heart  rules  of  right  living  and  honorable  action? 

It  Is  "Lest  we  forget." 


The  law-abiding  are  not  conscious  of  the  restraints  of  the 
law.  but  the  lawless  art?  made  to  feel  Its  power.  A  c6de  o( 
ethics  accepted  by  the  great  body  of  professional  men  is 
the  declaration  of  their  faith,  the  chart  by  which  they  direct 
tjieir  course  in  the  voyage  of  life.  To  this  chart  one  who 
is  In  doubt  may  turn  for  suggestion  as  to  the  right  course  in 
any  time  of  perplexity  and  by  the  principles  laid  down  In 
this  chart  transgressors  will  be  Judged  and  disciplined  by 
their  fellows: 

The  Code  of  Ethics.— Any  code  of  ethics  must  be  predi- 
cated upon  the  basic  principles  of  truth  and  honesty.  "What- 
soever things  are  true,  whatsoever  things  are  honest,"  are 
the  things  for  which  engineers  must  contend. 

An  engineer  may  not  "go  beyond  and  defraud  his  brother" 
by  any  underhanded  act  or  method.  He  may  not  do  or  say 
anything  which  will  injure  his  brother'.s  reputation  or  his 
business  for  the  purpose  of  securing  his  own  advancement 
or  profit.  This  admonition  carries  with  it  no  obligation  to 
refrain  from  telling  known  and  absolute  truth  about  an  un- 
worthy brother,  as  a  protection  to  others,  but  the  truth  so 
told  must  be  such  as  can  be  substantiated,  and  he  who  tells 
it  must  have  the  courage  which  will  not  shrink  from  the 
consequence  of  his  telling. 

The  engineer  owes  his  client  allegiance  demanding  his 
most  conscientious  service.  But  conscientious  service  to  the 
cient  must  never  entail  a  surrender  of  personal  convictions 
of  truth  and  right 

An  engineer  who  receives  compensation  from  an  employer 
may  not  receive  gift,  commission,  or  remuneration  of  any 
kind  from  a  third  party  with  whom  he  does  business  for 
that  employer. 

An  engineer  seeking  to  build  up  his  business  may  not 
resort  to  self-laudation  in  advertising.  He  may  state  briefly 
the  lines  of  work  in  which  he  has  had  experience  and  enu- 
merate responsible  positions  which  he  has  held  and  give  his 
references. 

An  engineer  who  employs  others,  either  in  his  own  service 
or  in  that  of  the  client  who  employs  him,  should  recognize 
in  his  relationship  to  them  an  obligation  of  exemplary  con- 
duct, of  helpfulness  and  personal  interest  in  those  with 
whom  he  Is  thus  brought  in  contact,  and  he  should  dis- 
charge such  obligation  tactfully  and  kindly. 

The  honor  of  the  profession  should  be  dear  to  every  engi- 
neer and  he  should  remember  that  his  own  character  and 
conduct  reflect  honor,  or  the  reverse,  upon  the  profession. 

If,  then,  he  so  lives  that  his  own  honor  shall  never  be 
smirched  by  his  own  act  or  omission,  he  will  thus  maintain 
the  honor  of  the  organization  to  which  he  belongs. 


TYom  Ihp  report  of  a  oommltteo  namc<l  In  a  resolution  ndopletl 
at  the  Thlrel  .-Vnnual  Convention  of  the  .\mcr1cnn  .Vssoclatlon  of 
EnglneepH,  heltl  on  .May  H,  1SI8,  In  Chicago. 


Highway  Cost  Keeping 

The  V.  S.  Office  of  Public  l^oads  and  Rural  Kngineering, 
in  a  recent  extensive  investigation  of  highway  management 
both  by  the  state  highway  departments  and  by  a  large 
number  of  individual  counties  and  townships,  found  few  ex- 
amples of  practical  and  efficient  cost  keeping  in  operation. 
Such  systems  as  were  discovered  were  confined  largely  to 
the  state  highway  departments,  and  only  in  rare  instances 
were  cost  keeping  systems  found  in  counties  and  townships. 
This  condition  is  due  largely  to  the  notable  scarcity  of  In- 
formation available  on  the  subject  of  highway  cost  keeping, 
and  also  to  a  lack  of  appreciation  by  public  officials  of  the 
usefulness  of  highway  cost  data.  In  order  to  supply  infor- 
mation on  the  subject  the  U.  S.  Office  of  Public  Roads  has 
just  issued  Bulletin  No.  660.  This  publication,  prepared  by 
James  J.  Toliin  and  A.  R.  I-osh.  r.  S.  Kngineer  Kconomlcs. 
and  reviewed  by  Halberl  P.  Gillette,  discusses  the  princi- 
ples that  govern  cost  keeping  and  gives  a  practicable  ap- 
plication of  these  principles  to  highway  work.  The  sub- 
jects treated   include   the   following: 

Part  1.  Cost  of  Keeping  in  General;  F'undamentals  of 
Cost  Keeping;  Cost  Klements;  Fixed  Charges;  Highway 
Cost   Analysis:    Tnlts   of   Measurement. 

Part  11.  Cost  Keeping  for  Highway  Work;  Essentials  of 
a  Cost  System;  Classification  of  Kxpendltures;  Operation 
Code:  .Method  of  Obtaining  Class  and  Operation  Number 
from  Code;  Method  of  Obtaining  Class  and  Operation  "^'um- 
ber from  Code;  Cse  of  Code  in  Operations;  Details  o"  Cost 
Accounts  and   Necessary   Codes;    Recording   Forms;    Iinme- 
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diate   Use   of   Cost   Data;    Final   Disposition   of   Cost   Data; 
Definitfons  of  Operation  Terms. 

Copies  of  the  bulletin  can  be  obtained  from  the  U.  S. 
OflBce  of  Public  Roads  and  Rural  Engineering,  Washington, 
D.   C. 


Cost  of  Painting  Steel  Highway  Bridges 

The  cost  of  painting  steel  bridges  in  Keokuk  County. 
Iowa,  was  greater  by  day  labor  than  by  contract,  according 
to  figures  published  in  the  September-October  Service  Bulle- 
tlon  of  the  Iowa  Highway  Commission. 

Of  three  bridges  painted  by  day  labor  the  cost  per  foot 
averaged  $.68,  $1.53  and  $1.07.  On  eight  jobs  painted  by 
contract  the  range  per  foot  was  $.55  to  $.85.  A  tabulation 
of  the  cost  data  prepared  by  District  Engineer  J.  S.  Mor- 
rison is  as  follows: 

D6y   Labor  Work. 
One  40.X14  ft.  steel  truss  on  concrete  abutments-wood  joists. 
Labor — One    man    at    35    ct.    and    one-  at    40    ct.    per    hour, 

working   21   hours $  15.75 

Paint — 1%    gal.    sublimed   white    at    $2.25...." 3.94 

2%   gal.   sublimed  blue  at   $2.15 5.91 

Brushes    1.60 

Total    cost    : $  27.20 

Cost  per  foot ,...       0.6S 

One  110x16  ft.  and  IS  ft.  high  light  steel  truss-wood  joists. 

Labor — One  man  at  35  ct.  and  one  at  40  ct.  per  hour. $  84.75 

Paint— 12    gal.    at    $2.15 25.80 

5   gal.   white   at   $2.25 11.25 

H   gal.    L.    oil O.OO 

Brushes     4.18 

Total    cost    $126.88 

Cost   per  foot •       1.53 

One  110x14  ft.  and  16  ft.  high  light  steel  truss-wood  joists. 

Labor — One  man  at  35  ct.  and  one  at  40  ct.  per  hour $  72.75 

Paint— 13   gal.    blue   at   $2.15 27.95 

5  gal.  white  at  $2.25. . . , 11.25 

%   gal.   L.   oil  at   $1.80 1.35 

Brushes     4.00 

'  Total  cost    $117.30 

.  Cost  per  foot 1.07 

Contract  Work. 

On  the  fpUowinfe  bridges  the  price  is  made  per  lineal  foot 
of  truss  measured  center  to  center  of  bearings.  The  price 
includes  the  painting  of  all  wooden  guard  rails  on  ap- 
proache.s,  the  contractors  to  furnish  their  own  transporta- 
tion for  themselves,  the  tools  and  materials;  the  county 
to  furnish  the  wire  cleaning  brushes,  paint  and  the  paint 
brushes. 

All  bridges  to  be  cleaned  and  painted  with  two  coats,  the 
end  posts  of  all  trusses  and  guards  to  be  trimmed  in  white, 
all  work  to  be  satisfactory  to  the  County  Engineer.  All 
bridges  have  wood  floor  and  wood  joists  and  it  is  under 
stood  that  all  cylinder  piers  are  to  be  painted,  where  they 
are  used  in  the  structure,  and  included  in  the  price  per 
lineal  foot  of  span  painted. 

One  170x14  ft.  span  25  ft.  with  a  40x14  ft.  pony  truss  at 
each  tind  and  resting  on  cylinder  piers,  erected  in  1905.  making 
250  ft.  over  all.  This  bridge  had  one  coat  of  paint  at  the  time 
of  erection.     It  was  very  badly  rusted. 

Total    cost $212.50 

Cost  per  foot 0.85 

One  160x16  ft.  span  25  ft.  high  and  one  40x16  ft.  pony  truss 
on  approach,  all  on  cylinder  piers,  200  ft.  over  all.  not  badly 
rusted  at  time  of  painting. 

Total    cost    $170.00 

Cost   per  foot    0.S5 

One  140x16  ft.  tru.ss  resting  on  cylinder  piers,  old  paint  scalv 
and  badly  rusted. 

Cost   per  foot    S     0-70 

One  190x16  ft.  King  truss  25  ft.  high,  moderately  rusted,  140 
ft.  of  wood  guard  rail  approach. 

Cost    per    foot    $     0.85 

One  190x14  ft.  truss  25  ft.  high  on  cylinder  piers,  badly  rusted. 

Cost     per     foot $     0.85 

One  150x14  ft.  bow  string  truss  at   55  ct.  per  foot $     0.55 

One  105x14  ft.  and  one  75x14  ft  box  string  truss  were  given 
two  coats  of  paint  with  cost  as  follows: 

Labor   at    contract    price,    55    ct $  99.00 

Paint,  171/4  gal.  at  $2.15 37.63 

Brushes     3.90 

Total    <ost    $140.53 

Cost  pi  r  foot    0.73 

One  40.\14  ft.  low  truss  span  cost  as  follows: 

Labor  at  contract  price.  40  ct.  and  55  ct.  per  hour $22.00 

Paint,   Vi   gal.   white .• 1.12 

Paint,  2  gal.  blue , 4.30 

Total    rost $27.42 

Cost   per  foot    ,     0  68V4 
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Personals 

W.  H.  Steiner,  city  engineer  of  Marshalltown,  la.,  has  been 
commissioned    first   lieutenant  of  engineers. 

P.  C.  Harris,  assistant  state  road  engineer  of  Utah,  tias  been 
given   a  commission  as  lieutenant   in  an   engineers'   regiment. 

R.  E.  Pierce,  an  engineer  of  the  State  Highway  Commission 
of  California,  has  been  commissioned  first  lieutenant  in  the  403rd 
Engineers. 

Lieut.  Frank  D.  Gore,  formei-ly  county  engineer  of  Kitsap 
County.  Washington,  is  now  instructor  in  cross-country  flying 
at  Carruthers  Field,  Texas. 

Carl  Smith  has  resigned  as  engineer  of  the  County  Road 
Commission  of  Kewanee  County,  Michigan,  to  take  a  field  posi- 
tion   with    the    Ingersoll-Rand   Co. 

Charles  Folsom  has  resigned  as  road  engineer  of  Christian 
County.  Kentucky,  and  is  now  employed  at  Florence.  Ala.,  on 
the    construction   of   a   government    dam. 

Clarence  S.  Jarvis,  for  the  past  year  office  engineer  of  the 
State  Uoad  Commission  of  Utah,  and  previous  to  that  time  con- 
nected with  several  of  the  largest  irrigation  projects  in  Utah, 
has   been  commissioned  a  captain   in   the  403rd   Engineers. 

P.  F.  Patten,  formerly  highway  engineer  for  Greenville  and 
Henderson  Counties.  South  Carolina,  has  been  appointed  high- 
way engineer  of  Spartanburg  County,  succeeding  Reid  Tull.  who 
died   tliree   weeks  ago. 


Obituaries  i 

Joseph!   Bartholme,  civil  engineer  of  Cleveland.  O.,  died  Oct.  31. 

R.  N.  Thompson,  a  contractor  of  Waco,  Tex.,  died  Oct.  IS, 
aged  50. 

C.  Ballard  Taylor,  formerlv  deputy  city  engineer  of  Utica,  N. 
Y..   died  Oct.  23. 

Tom  C.  Tarver,  Jr.,  formerly  city  engineer  of  Houston.  Tex., 
died  Oct.   23.  aged  34. 

Patrick  Cullen,  Commissioner  of  Public  Works  of  Oswego,  N. 
Y.,  died  Oct.   30,  aged  70. 

William  N.  Ball,  a  contractor  of  Davenport,  la.,  died  Oct.  22 
at  Camp  McArthur,  Tex. 

Thomas  F.  Cook,  for  the  past  eight  years  assistant  superm- 
tendent   of  streets  of  Brookline.   Mass.,   died   Oct.   6. 

Frederick  D.  Dollenberg,  county  .surveyor  of  Baltimore  County, 
Maryland,   died  Oct.   25   at   his  home   in   Towson,   Md. 

Edwin  J.  Potter,  oon.struction  engineer  for  the  B.  F.  Smith 
Construction  Co.  of  Providence,  R.  I.,  died  Oct.  13  at  his  home 
in   Bridgeton.   R.   I. 

Ford  C.  Bowman,  manager  of  the  waterproofing  department 
of  the  Philip  Carey  Co.,  Cincinnati,  O.,  died  Oct.  26  of  influenza- 
pneumonia.  Mr.  Bowman  was  a  graduate  of  Purdue  University 
and  entered  the  employment  of  the  Carey  Co.   about  eight  years 

Lieut.  E.  Claire  Tovey  died  Oct  17  at  Williamsburg,  Va.,  aged 
2.S.  He  formerlv  was  a  member  of  the  engineering  flrrn  of 
Humphreys  &  Tovey.  Pine  Bluff,  Ark.  He  received  a  commission 
as  lieutenant  in  the  coast  artillery  at  San  Francisco  and  was 
later  transferred  to  Virginia  and  had  been  ordere<l  overseas 
when  he  became  ill. 

Clarence  Coleman,  U.  S.  District  Engineer  at  Duluth.  Minn., 
died  Oct.  23  at  his  home  in  that  city.  Previous  to  his  associa- 
tions with  the  government  engineering  service  he  was  connected 
witli  several  of  the  middle  and  southwestern  railroads,  among 
them  lieing  the  Houston  &  Texas  R.  R.,  the  Housatonia  Line 
and    tlie    Santa  Fe    Southern. 

William  A.  Lydon,  president  of  the  Great  Lakes  Dredge  & 
Dock  Co..  Chicago,  died  Oct.  28  at  his  home  in  Chicago  after  an 
illness  nf  several  months.  Mr.  Lydon  was  a  graduate  of  the  civil 
engineering  department  of  Lehigh  University.  He  served  as  civil 
tnaineer  for  the  citv  of  Chicago  from  1SS7  to  1890.  In  1891  he 
became  a  member  of  the  firm  of  Lydon  &  Drews  Company,  river 
and  harl.or  contractors.  In  1904  he  organized  and  became  presi- 
dent of  that  ron'pany's  .successor,  the  Great  Lakes  Dredge  & 
Dock    Co.  • 


Industrial  Notes 

The  Lakewood  Engineerinq  Co.  of  Cleveland  announces  the 
openinL'  of  its  own  offices  in  .\'e\v  York  City  in  the  Trinity  Bldg.. 
Ill   Dioa.l\,a>-. 

The  Watsontown  Brick  Co.,  Watsontown,  Pa.,  J.  C.  Fowler. 
Kerr.-tar\  and  manager,  lias  become  a  member  of  the  family  of 
liceiis.-.s  nf  The  Dunn  Wire-Cut  Lug  Brick  Co.  of  Conneaut,  O., 
and  will  eneage  in  the  manufacture  of  wire-cut  lug  paving  brick. 

Clifford  F.  Messinger,  manager  of  the  concrete  mixer  depart- 
ment and  advertising  manager  of  the  Chain  Belt  Co..  Milwau- 
kee. Wis.,  has  enlisted  in  the  Gas  and  Flame  Division,  Chemical 
Warfare  Service,  of  the  United  States  Army.  He  has  been 
commissioned  first  lieutenant  and  is  stationed  at  Camp  Ken- 
drick.  Lakehurst.  N.  J. 

The  Chicago  Pneumatic  Tool  Co.  announces  the  appointment 
of  A.  M.  Brown  as  district  manager  of  sales.  1740  Market  St., 
Philadelphia,  succeeding  G.  .A.  Barden,  who  i-emains  in  Phila- 
delphia as  sales  representative  for  tlie  company.  For  .some  time 
past  Mr.  Brown  has  been  located  in  the  New  York  offices  of 
the  company  as  assistant  manager,   compressor  sales  division. 

The  Barber-Greene  Co.,  Aurora.  III.,  announces  the  strength- 
ening of  its  organization  as  follows:  F.  B..  Smith,  chief  engineer, 
formerlv  of  the  engineering  department  of  the  Stephens-Adam- 
son  Mfg.  Co.,  of  the  Granby  Mining  &  Smelting  Co..  and  the 
American  Zinc  &  Chemical  Co.  Geo.  C.  Sanford.  superintendent, 
formerlv  of  the  Elevator  Supplies  Co.  and  of  the  Otis  Elevator  Co. 

The  Walter  A.  Zelnicker  Supply  Co.,  St.  Louis,  Mo.,  an- 
nounce.s  the  appointment  of  R.  H.  Wilson  as  assistant  to  the 
president,  with  office  at  St.  Louis.  Mr.  Wilson  has  been 
with  the  Zelnicker  Co.  for  years,  his  last  position  being  as 
Houston  representative.  He  is  succeeded  there  by  E.  O.  Grif- 
fin, well  known  in  .southwestern  railroad  circles  for  the  past  20 
years  as  storekeeper  and  assistant  general  manager  of  the  In- 
ternational &  Great  Norfhern,  and  more  recently  as  assistant 
to  the  president  of  the  St.  Louis  Southwestern  R.  R.  in  charge  of 
purchases. 
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Roads  and  Streets — 1st  Wednesday 

la)   Roads  ic)   Strttt   Cleaning 

<b)   Slreets  (d)    Municipal    Miscellanies 

Waterworks  and  Hydranlics — 2nd  Wednesday 

la)    Waterworks  (cl    IrrlKatlon    and    Drainage 

(b)   Sewers  and  Sanl-  idl    Power 


Railways  and  Govt.  Works — 3rd  Wednesday 

(a)  Excavation      and  (c)   Harbors   and    Docks 

Dredging 

(b)  Rivers  and  Canals       (d)   Railway    Construction 

Buildings  and  Structures^-4th  Wednesday 

I  a)    Buildings  (c)   Ship   Construction 
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Peace 

The  game  is  finished.  The  gambler  for  world  dominion 
has  made  his  last  play  and  has  lost.  The  horrible  nightmare 
that  has  held  civilization  in  its  thrall  is  over.  Peace  has 
come.  For  over  4  years  the  earth  has  been  soaked  with 
blood.  Millions  of  men — the  pick  of  their  races — have  per- 
ished. Whole  countries  have  been  overrun,  nations  have 
been  crushed  and  dynasties  overthrown.  Great  cities  have 
been  destroyed  and  fertile  fields  turned  into  barren  wastes. 
Famine  and  want  have  stalked  through  the  land.  Since  that 
summer  day  in  1914  when  a  nation  of  egotists,  lusting  for 
conquest,  hurled  itself  on  an  unsuspecting  and  unprepared 
world,  terror  and  suffering  and  sorrow  have  been  the  part 
of  five-sixths  of  the  human  race.  But  it  is  over  now.  Peace, 
has  . oiiu'.     The  great  war  is  finished. 


of  economic  public  policy  in  which  all  water  works  man- 
agers and  all  civil  engineers  should  be  suflBciently  con- 
cerned  to  take   the   initiative. 


Compulsory  Metering  of  Water  a» 
a  Means  of  Saving  Coal 

It  has  been  said  that  the  .National  V\ie\  Adniini.stration 
may  order  the  universal  metering  of  water  wherever  pump- 
ing is  involved,  in  order  to  eliminate  the  waste  of  coal 
that  invariably  occurs  where  meters  are  not  extensively 
used.  Engineering  and  Contracting  was  the  first,  we  be- 
lieve, to  suggest  such  a  plan;  but  the  imminent  ending  of 
the  war  seems  likely  to  lead  to  nothing  more  than  talk  at 
this  time.  Nevertheless  the  nation  has  learned  a  lesson  in 
fuel  economy  that  will  make  it  easier  hereafter  to  impress 
the  public  with  the  desirability  of  eliminating  all  unneces- 
sary wastes  of  fuel. 

.\bout  60  per  cent  of  our  population  Is  supplied  with  water 
from  water  works  plants,  but  as  yet  barely  one-nuarter  of 
these  consumers  are  metered.  Judging  from  the  results 
achieved  in  cities  that  are  completely  metered,  there  is  a 
waste  of  water  amounting  to  25  to  50  per  cent  of  the  total 
in  cities  where  there  are  few  or  no  meters.  In  many  in- 
stances the  waste  considerably  exceeds  half  the  total  water 
supplied.  The  mere  fact  that  the  war  will  soon  be  over 
and  that  fuel  will  again  be  abundant,  should  of  course  be 
no  excuse  for  continuing  this  great  waste  of  coal.  Our  coal 
deposits  will  be  rapidly  enough  depleted  at  best,  without 
needlessly  hastening  their  exhaustion.  But,  aside  from  all 
considerations  of  a  political  economic  nature,  a  continuance 
of  coal  waste  Is  inexcusable:  for  the  coal  saved  will  pay 
handsome  dividends  on  the  capital  invested   in  meters. 

The  metering  of  all  consumers  of  city  water  Is  a  matter 


Some  Remarks  Suggested  by  Ad- 
vertisements of  a  Certain 
Company 

"Advertising  is  nothing  more,  and  nothing  less,  than  a 
speedier,  more  effective,  more  economical  way  of  winning 
the  market's  confidence  for  products  of  superior  merit." 

This  is  the  opening  sentence  of  a  unique  "advertising 
bulletin"  issued  by  the  Chain  Belt  Co.  of  Milwaukee.  We 
speak  of  it  as  unique  because  it  discusses  this  company's 
advertising  campaign  for  the  year  191S,  and  illustrates  the 
discussion  with  a  large  number  of  full  page  advertisements. 
The  reader  therefore  feels  a  good  deal  as  does  a  man  who 
is  taken  behind  the  scenes  by  the  author  of  a  play.  Accus- 
tomed previously  to  the  point  of  view  of  one  of  the  audi- 
ence, he  is  now  given  the  viewpoint  of  the  writer  and  of 
the  producer  of  the  drama. 

The  reader  of  this  interesting  "advertising  bulletin"  Is 
told  some  of  the  fundamental  principles  of  effective  adver- 
tising. Then  he  is  asked  to  consider  how  these  principles 
have  been  applied  in  the  advertisements  of  its  products. 
Twenty-one  full  page  "ads."  taken  from  the  Saturday  Eve- 
ning Post.  Engineering  News-Record,  and  Engineering  and 
Contracting,  are  followed  by  21  full-page  and  8  half-page 
"ads"  from  nine  other  periodicals.  * 

As  this  editorial  is  not  intended  as  a  review  of  this  "bul- 
letin." but  merely  as  a  comment  upon  an  unusual  form  of 
advertising,  there  is  no  occasion  to  speak  of  the  character 
of  the  advertisements  in  it.  Nevertheless,  we  may  say  that 
they  are  admirable  examples  of  modern  periodical  adver- 
tising. Most  of  the  "ads"  are  of  the  educational  type.  Many 
of  them  have  striking  captions.  "Spring  Points  Her  Finger 
at  Your  Intake"  is  the  sort  of  heading  that  arrests  the  at- 
tention of  a  hydraulic  engineer  at  once.  It  makes  him 
think  of  the  spring  flood  debris  that  will  clog  his  screens, 
and  It  raises  hi  his  mind  a  question  as  to  how  Rex  Travel- 
ing Water  Screens  may  relieve  him  of  his  trouble.  Such  a 
caption  shows  that  its  author  has  studied  practical  psychol- 
ogy as  well  as  the  use  of  language.  .-\nd  the  thought  oc- 
curred to  the  editor — perhaps  because  he  was  himself  at 
one  time  a  writer  of  advertisements — that  the  author  of 
this  "advertising  bulletin"  would  do  well  in  future  editions 


(89) 


456 


ENGINEERING    AND     CONTRACTING 


Vol.  50,  No.  20. 


to  do  what  Edgar  Allan  Poe  once  did.  Poe  published  an 
essay  describing  exactly  how  he  wrote  "The  Raven,"  the 
theory  upon  which  he  selected  the  subject  and  tire  title, 
the  method  of  beginning  with  the  climax  clearly  in  mind, 
the  selection  of  the  type  of  rhythm  to  produce  the  desired 
effect  of  profound  melancholy,  and  the  various  other  ar- 
tistic mechanisms  used  in  that  celebrated  poem. 

Those  who  have  not  studied  the  art  and  science  of  ad- 
vertising— and  few  have — are  prone  to  regard  an  adver- 
tisement purely  as  a  sort  of  business  card.  That  an  adver- 
tisement can  be  as  instructive  as  an  engineering  article,  or 
as  interesting  as  a  bit  of  romance,  has  been  proved  again 
and  again.  But  the  reading  public  has  yet  to  be  taught  that 
the  authors  of  such  advertisements  employ  as  much  science 
and  art  as  do  the  authors  of  scientific  and  general  articles. 

The  late  Elbert  Hubbard,  editor  of  "The  Philistine"  and 
of  "The  Fra,"  did  a  great  deal  toward  showing  people  that 
an  advertisement  could  be  made  intensely  interesting — as 
interesting  as  the  piquant  pages  of  his  own  magazines. 
His  "ads,"  like  his  "eds,"  were  literary  jewels. 

Each  year  sees  a  marked  improvement  over  the  preceding 
year  in  the  general  character  of  the  advertising  pages  of 
magazines,  both  as  to  the  matter  in  them  and  as  to  the 
way  of  presenting  it.  Hence  the  growing  effectiveness  of 
advertising.  Hence  the  growing  managerial  efficiency  of 
men  who  have  acquired  the  habit  of  reading  advertise- 
ments. It  is  no  mere  coincidence  that  America  has:  (1) 
The  most  successful  manufacturers  and  producers.  (2)  The 
best  trade  and  general  magazines,  and  (3)  The  most  ex- 
tensively distributed  and  best  written  advertisements,  in 
the  world. 


How  Long  Will  It  Take  to  De- 
mobilize Our  Army? 

Several  very  foolish  utterances  have  recently  been  made 
by  Government  officials  to  the  effect  that  it  would  be  sev- 
eral years  before  our  great  army  is  demobilized.  The  ridic- 
ulous assertion  was  made  by  one  official  that  it  would  take 
our  soldiers  two  years  to  remove  the  barbed  wire  that  the 
Germans  have  left  in-  France  and  Belgium.  Scarcely  less 
absurd  is  the  picture  painted  by  another  official  of  most 
of  our  soldiers  remaining  two  years  in  France  because  of 
lack  of  transports.  Doubtless  he  reasoned  that  because  we 
had  not  been  able  to  send  them  to  Europe  faster  than  at 
the  rate  of  a  quarter  of  a  million  a  month,  we  shall  be  un- 
able to  bring  them  back  at  a  faster  rate. 

Hurley  has  announced  that  there  will  be  no  change  in 
our  shipbuilding  plan  whatever  the  outcome  of  the  war 
and  whenever  the  end  of  it  may  come.  Not  only  is  this 
merely  a  personal  opinion — for  Congress  will  decide,  and 
not  Hurley — but  it  is  the  personal  opinion  of  one  who  is 
seemingly  more  of  a  politician  than  statesman.  Certainly 
no  real  political  economist  would  propose  so  vast  and  waste- 
ful a  duplication  of  shipping  tonnage  as  our  war  program 
has  involved,  unless  war  were  to  continue.  Even  were  the 
purpose  to  secure  our  full  share  of  the  foreign  trade 
through  control  of  adequate  shipping  facilities,  it  would  be 
feasible  to  accomplish  the  purpose  in  a  more  economic  way. 

A  leagtie  of  nations  to  preserve  peace  and  to  patrol  the 
ocean  is  but  one  step  removed  from  a  similar  league  to 
promote  international  trade;  and  such  a  league  could  take 
no  step  better  designed  for  the  purpose  than  to  control  their 
shipping  on  the  seven  seas.  The  nations  thus  allied  need 
not  go  so  far  as  to  own  all  the  merchant  marine.  They  need 
simply  control  the  operation  and  the  rates  charged  by  all 
the  vessels  flying  their  flags.  An  International  Commerce 
Commission  would  thus  do  for  the  allied  nations  precisely 
what  our  Interstate  Commerce  Commission  does  for  our 
"federated  states,"  ships  and  seas  taking  the  place  of  cars 
and  tracks. 

Returning  to  the  question  of  demobilization,  it  seems  clear 
that  when  we  cease  sending  munitions  of  war  to  France,  we 
can,  if  we  wish,  bring  back  all  our  soldiers  within  six  months 
or  sooner.  That  we  shall  bring  nearly  all  of  them  back  as 
quickly  as  possible,  seems  likely.  To  hold  them  longer  in 
Frahce  than  is  necessary  would  be  an  imposition  upon  them. 


What  Engineering  SocietiesShould 

Do  to  Assist  in  Providing  Work 

for  Soldiers  and  Others  Who 

WiU  Soon  Be  Out  of  Work 

An  army  of  more  than  two  million  in  Europe,  another 
army  of  nearly  two  million  soldiers  in  America,  and  an  in- 
dustrial army  greater  than  both  those  combined,  will  soon 
be  out  of  a  job  unless  steps  are  quickly  taken  to  provide 
them  with  peace  work  in  place  of  war  work.  Engineers 
and  contractors  have  played  a  great  part  in  the  game  of 
war.  They  should  now  prepare  to  play  an  even  greater 
part  in  peace. 

Engineers  and  contractors,  through  their  national  and 
local  societies,  should  now  begin  to  shape  public  opinion 
as  to  the  sorts  of  public  works  that  should  be  built  or  im- 
proved and  as  to  the  immediate  steps  to  be  taken  to  hasten 
the  preparation  of  surveys  and  plans.  The  public  does  not 
realize  that  wise  expenditures  can  seldom  be  made  unless 
preceded  by  careful  engineering  studies.  Hence  the  urgent 
necessity  of  action  on  the  part  of  engineering  societies, 
with  a  view  to  showing  county  commissioners,  city  coun- 
cils, state  legislatures  and  Congress  that  not  a  day  should 
be  lost  in  surveying  and  planning  public  works. 

Because  taxes  have  risen  enormously  there  will  be  some 
opposition  to  taxation  and  bond  issues  for  extensive  pub- 
lic works,  but  the  opposition  can  and  will  be  overcome. 
The  great  majority  of  the  voters  will  not  favor  discharging 
our  military  and  industrial  armies  without  making  adequate 
provision  for  their  useful  employment.  And  among  the 
various  kinds  of  useful  employmeut  that  can  be  speedily 
provided,  nothing  surpasses  in  economic  importance  the 
building  of  irrigation  works,  the  drainage  of  lands,  the  con- 
struction of  highways,  railways,  sewers,  water  works, 
bridges,  and  all  the  wealth  and  health  producing  plants 
commonly  known  as  civil  engineering  works. 

Through  organized  effort  engineers  should  be  able  to 
awaken  the  public  as  can  no  other  class  of  men.  but  they 
should  not  confine  their  activities  to  tlieir  own  societies. 
They  should  join  with  other  organizations,  such  as  cham- 
bers of  commerce,  labor  unions,  etc.,  to  secure  as  wide  and 
effective  support  as  possible. 

Where  local  engineering  societies  do  not  exist,  engineers 
should  organize  themselves  into  committees  on  political 
economy.  Such  committees  should  be  much  more  than 
mere  debating  societies.  Their  object  should  be  twofold: 
First,  to  decide  what  new  local  public  works  will  be  of 
greatest  value  to  the  public.  Second,  to  influence  the  pub- 
lic to  accept  the  decisions  of  the  engineers  and  to  act 
promptly  upon  them. 

In  nearly  every  city  there  is  to  be  found  at  least  one  en- 
gineer (and  often  many)  who  is  a  convincing  and  interest- 
ing public  speaker.  Let  such  men  be  selected  to  address 
city  councils,  chambers  of  commerce,  etc.  Let  the  sub- 
stance of  each  address  be  typed  and  given  to  the  daily 
papers.  Let  articles  be  written  by  engineers  and  submitted 
for  publication  in  the  dailies.  Let  clippings  of  editorials 
and  other  articles  from  the  technical  press  be  sent  to  the 
dailies,  accompanied  with  letters  from  local  engineers.  In 
short,  let  every  agency  of  publicity  be  adopted  and  sys- 
tematically used,  and  it  need  not  take  long  to  secure  the 
desired  results,  for  the  public  is  in  a  mood  to  act  favorably 
if  urged  repeatedly  and  strongly  to  do  so. 

Now  also  is  the  time  to  effect  revisions  in  ordinances  and 
laws  that  restrict  the  development  of  public  enterprises  in 
an  economic  manner.  Probably  there  is  not  a  city,  and  cer- 
tainly there  is  not  a  state,  in  which  bad  legislation  does 
not  stand  in  the  way  of  the  truly  economic  development 
and  extension  of  public  works.  We  have  frequently  com- 
mented upon  such  laws,  and  shall  be  glad  to  assist  any 
engineering  society  by  pointing  out  again  many  of  the  pres- 
ent legal  obstructions  to  the  economic  expansion  of  public 
works. 
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Wash  the  Streets  to  Remove  the 
Germs 

Although  the  managerB  ot  waterworks  plants  do  not  ordi- 
narily have  charge  of  street  cleaning,  it  lies  within  their 
power  to  assist  both  directly  and  indirectly  in  securing 
cleaner  streets.  And  by  "cleaner  streets"  we  do  not  mean 
streets  free  only  of  visible  dirt,  but  streets  free  of  the  in- 
visible microbes  that  ride  upon  the  finest  grains  of  dust. 
Water,  the  great  cleanser,  should  be  applied  daily  In  large 
quantities  to  all  business  streets,  and  at  frequent  intervals 
to  all  paved  residence  streets.  The  germ-laden  dust  should 
be  flushed  into  the  sewers  before  It  can  spread  pneumonia, 
tuberculosis,  grippe  or  influenza,  and  other  diseases  of  the 
nose,  throat  and  lungs. 

It  devolves  upon  every  conscientious  man  who  knows  the 
eflicacy  of  water  as  a  sanitary  agent,  to  do  his  best  to  arouse 
the  public  and  its  representatives  to  the  desirability  of 
flushing  all  paved  streets  periodically.  The  superintendent 
of  every  waterworks  is  particularly  one  who  should  never 
rest  until  his  city's  streets  are  as  clean  as  a  hospital  floor. 
While  it  is  his  duty  to  prevent  the  waste  of  water  by  meter- 
age and  otherwise,  it  is  also  his  duty  to  encourage  the 
consumption  of  more  water  for  sanitary  purposes  and  for 
garden  irrigation.  A  low  per  capita  consumption  of  water 
should  not  be  his  ultimate  goal,  but  rather  as  high  a  per 
capita  consumption  as  may  be  attained  after  eliminating 
all  wa.«te. 

Read  the  following  letter  to  the  editor  of  the  San  Fran- 
cisco Chronicle,  bearing  in  mind  that  it  is  typical  of  the 
belief  of  most  physicians  that  respiratory  diseases  are 
transmitted  by  the  germs  that  motor  cars  and  gusts  of  wind 
stir  up  from  dirty  streets: 

Editor  The  Chronicle— Sir:  In  the  nam*  of  humanity  now 
stricken  and  suffering,  I  desire  to  call  attention  to  one  of  the 
causes  that  has  to  do  with  the  spread  of  the  influenza  and  the 
Increase  in  the  number  of  deaths  due  to  this  plague — I  refer  to 
the  unwashed  and  filthy  streets  ot  San  Francisco.  As  a  medical 
man  who  has  studied  epidemics  and  their  spread,  I  am  certain 
that  there  would  be  perhaps  25  per  cent  fewer  cases  here  if  the 
streets  were  kept  clean  and  free  from  dust  and  dirt,  and  if  the 
law  against  spitting  were  even  half-way  enforced,  which  it  is 
not.  The  people  of  this  city  have  themselves  to  thank  or  blame 
for  their  present  sufferings — or  rather  the  oflBcials  whom  they 
put  In  power.  I  have  no  interest  in  local  politics,  but  for  the 
sake  of  the  life  and  health  of  the  community,  cannot  something 
worth  while  be  done  to  clean  up  the  streets?  They  are  In  a 
dahgerous  condition  of  filth,  a  condition  that  would  dangerously 
menace  the  health  of  the  community,  even  if  there  were  no  epi- 
demic. 

T.   D.   LEWISTON,   M.   D. 
San  P'rancisco,  October  31,  1918. 

Dr.  Lewlston  states  the  case  for  clean  streets  mildly 
enough.  It  would  be  nearer  the  mark  to  say  that  three- 
fourths  of  all  the  respiratory  disease  germs  reach  the 
nose,  throat  and  lungs  from  the  street  surfaces  where  they 
were  deposited  by  diseased  people. 


What  Is  An  Engineer! 


A  new  definition  of  the  engineer  has  been  written  by  A. 
H.  Krom,  Director  of  Engineering,  United  States  Employ- 
ment Service.  Chicago.  The  dellnition  comes  as  the  result 
of  the  many  ijueries  that  have  originated  through  a  con- 
tusion of  engineering  terms  and  standards  now  in  general 
use.  After  serious  study  and  consultation  with  authorities, 
Mr.  Krom  prepared  the  following  definition: 

"An  engineer  is  one  who  economically  directs  man  power 
and.  by  scientific  design,  utilizes  the  forces  and  materials 
of  nature  for  the  benefit  of  mankind." 

In  writing  this  definition.  Mr.  Krom  hopes  to  offer  a  prac- 
tical, workable  statement  that  will  be  of  real  value  to  tech- 
nical men.  In  view  of  the  Importance  ot  the  engineer  in  the 
present  war,  is  is  highly  important  that  his  status  be  prop- 
erly defined. 


Oklahoma  Municipal  League  Meets  Nov.  29. — The  annual 
convention  of  the  Oklahoma  Municipal  League  will  be  held 
.Nov.  29  and  30  at  Oklahoma  City.  Mayor  P.  P.  Duffy  of  El 
Reno,  Okla.,  Is  President. 


"What  Are  You  Going  to  Do  About 
It"  and  Meter  Matters 

The  Bureau  of  Municipal  Research  of  Philadelphia.  Pa., 
is  doing  excellent  w'ork  in  promoting  efficient  and  scientlflc 
management  of  municipal  business.  One  of  its  methods  of 
educating  the  general  public  is  the  issuing  each  week  of 
little  bulletins.  These  publications  are  popular  rather  than 
technical  In  character  and  are  designed  particularly  for 
calling  the  attention  of  the  public  to  existing  conditions  that 
need  remedying.  Two  recent  bulletins  of  the  Bureau  of 
particular  interest  to  water  works  officials  bear  the  striking 
titles  of  "What  Are  You  Going  to  Do  About  It?"  and  "Meter 
Matters— Meters  Matter."  These  bulletins  are  reprinted  be- 
low. 

What  Are  You  Going  to  Do  About  It? 
Philadelphia's   Big    Sieve. — We   do   not    hear   much   about 
sieves  these  days.     Flour  is  on  its  way  to  the  Soissons  front, 
instead  of  loafing  around  Friend  Wife's  kitchen,  and  sieves 
in  general  are  crowding  into  the  class  of  non-essentials. 

But  the  Chief  of  the  Water  Bureau,  looking  over  Philadel- 
phia from  the  seventh  floor  of  City  Hall,  tells  us  he  sees  a 
sieve  with  2,000,000  holes. 

He  is  talking  about  the  water  works.  There  are  2,000,000 
openings  fed  by  the  Philadelphia  water  works — faucets, 
toilet  fixtures,  and  other  connections  through  which  water 
is  used— and  wasted.  Because  a  leak  this  (.)  size  may 
waste  2,000  bbl.  a  year! 

Two  million  openings  to  the  water  works;  and,  by  coin- 
cidence, approximately  2,000,000  people  in  Philadelphia — an 
opening  for  every  man,  woman  and  child  in  Philadelphia 
county,  and  a  corresponding  opportunity  for  every  man, 
woman  and  child  to  save  precious  water. 

This  Is  No  Forest  of  Arden — Water  doesn't  bubble  out  of 
the  rocks  any  more.  Not  in  cities.  The  water  that  flows 
under  your  prodigal  twist  of  the  spigot  has  to  be  pumped, 
filtered  and  stored.  Every  drop  of  it  represents  an  item  of 
coal  cost,  when  every  pound  of  coal  is  needed  in  ship's  bunk- 
ers and  home  cellars;  and  an  item  of  labor  cost,  when  every 
ounce  of  man-power  is  needed  in  France  or  in  essential  ac- 
tivities at  home.  And  city  water  differs  from  the  spring 
on  the  old  homestead  in  another  particular:  it  is  not  inex- 
haustible. The  number  of  gallons  you  can  use  a  day  is 
strictly  limited  by  the  number  of  gallons  you  can  pump  and 
filter.  Philadelphia's  300.000,000-gal.-a-day  water  system  is 
now  compelled  to  furnish  a  330,000,000-gal-a-day  output, 
without  any  let-up.  No  chance  for  a  main  to  rest  or  a  pump 
or  filter-section  to  be  cut  out  of  service  for  overhauling  and 
repair. 

Coal  for  2,500  Cellars.— The  Chief  figures  that  60.000,000 
gal.  of  this  daily  consumption  was  wasted.  Twenty-five 
thousand  tons  of  coal  a  year,  to  pump  wasted  water!  If 
the  demand  for  water  were  normal,  just  the  saving  of  wasted 
water  might  mean  the  gain  ot  winter's  coal  for  2.500  homes. 
But  the  need  is  worse  than  that.  Saving  is  imperative  not 
merely  that  cellars  may  have  coal,  but  that  munition  plants 
and  war  industries  may  have  water  that  now  they  cannot 
get.  Even  with  the  water  system  carrying  a  constant  10 
per  cent  overload.  Philadelphia's  essential  war  Industries 
are  clamoring  for  a  supply  of  water  20  per  cent  larger  than 
the  utmost  it  is  now  possible  to  give  them. 

Hooverlze. — It  often  happens,  when  things  go  wrong  in 
a  municipality,  that  the  bulk  of  us  have  to  sit  back  and  fume 
in  impotence.  But  not  this  time.  We  do  not  have  to  wait 
until  the  November  elections.  The  Food  Administration 
has  taught  us  the  tremendous  potential  of  concerted  small 
savings.  Remember  that  the  water  works  has  one  potential 
leak  for  each  one  ot  us.  Your  job  is  to  plug  yours  up.  It 
may  mean  a  new  washer.  It  may  mean  getting  that  "flne 
lawn"  effect  with  a  close-set  lawn  mower  instead  of  a  gar- 
den hose.  If  you  are  a  landlord,  it  may  mean  an  interview 
with  the  plumber,  and  the  installation  of  patriotic  plumb- 
ing fixtures — especially  it  you  are  one  of  the  landlords  who 
has  "boosted"  rents.  Whatever  it  means,  do  It,  and  start 
doing  it  now. 

The  Biggest  Hole  Is  at  the  Top. — Sieves  are  like  socks. 
The  biggest  hole  is  at  the  top.  The  fact  that  water  conser- 
vation is  an  Imperative,  essential,  root-hog-or-die  necessity 
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doesn't  relieve  City  Hall  of  any  responsibility.  Appropriate 
legislation  for  compulsory  universal  metering  ought  to  be 
enacted  the  first  day  Councils  meet,  and  the  work  put  under 
way  just  as  rapidly  as  the  Government  war  program  will 
allow  the  city  to  get  meters  and  men  to  install  them.  Water 
rebates  should  pass  into  history.  The  Water  Bureau's  last 
annual  recommendations,  and  the  proposal  for  express  mains 
from  Torresdale  and  Lardner's  Point  to  Callowhill  St.. 
should  be  promoted  from  their  resting-places  in  the  Public 
Works  offices,  expanded,  if  need  be.  into  a  complete  water 
works  program  that  will  take  care  of  all  our  needs,  and  put 
relentlessly  up  to  the  public  for  action.  And  the  unfilled 
need  for  wading-pools,  that  has  resulted  in  the  midsummer 
opening  of  fireplugs  growing  into  a  pernicious  and  deep- 
rooted  habit,  suggests  work  for  the  Board  of  Recreation  that 
might  enable  it  to  get  desirable  headlines  in  the  newspapers. 

Unless  these  things  are  done,  appeals  for  individual  sav- 
ing   of    water    may  do  but  little  good.     American  civilians, 
like  American  soldiers,  like  to  be  led  into  action. 
Meter  Matters — Meters   Matter. 

One  of  the  Big  Wasters. — Philadelphia  is  one  of  the  worst 
of  the  American  cities  in  her  enormous  wastage  of  drinking 
water  as  is  evidenced  by  the  table  below.  Contrast  Phila- 
delphia's 182  gal.  with  the  65  gal.  used  by  Providence.  Yet 
it  cannot  be  claimed  that  Providence  people  suffer  for  lack 
of  water.  The  most  important  reason  for  the  difference  is 
that  Providence  metered  65  per  cent  of  her  supply,  while 
ours  was  only  8  per  cent  metered. 

WATER    CONSUMPTTOX    IX    AJIERIC.\N    CITIES    IX    1916. 
In  gallons  per  capita   per  day. 

Chicago  22G    ^^^■■■■^^^^^^^^H 

Detroit    1S9    — 1^^^^^^ 

Philadelphia    ...1S2    ■^■^^^■■^■i 

Cincinnati     1^0 

St.   Louis 12S 

Cleveland    US 

Boston    Ill 

Milwaukee   110 

New    Toik 102 

Providence   65    i^^^H 

Meters  Give  Prompt  Relief. — While  Philadelphia's  use  and 
waste  of  water  has  been  steadily  mounting  skyward,  from 
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Milwaukee's  Experience  with   Meters. 

72  daily  gallons  per  capita  in  18S5  to  the  present  182  gal. 
per  capita,  other  cities  have  been  cutting  down  their  waste. 
There  are  any  number  of  striking  examples  of  water  sav- 
ing due  to  the  use  of  meters;  for  example,  Cleveland,  Peters- 
burg, Providence  and  Oak  Park.  The  effect  of  meters  on 
water  waste  in  Milwaukee  is  a  good  example.  Notice  that 
as  the  percentage  of  meters  increased,  the  gallons  per  cap- 
ita went  down.  Cause  and  effect  could  hardly  be  better  il- 
lustrated. 

More  Water,  Not  Less. — While  the  use  of  meters  cuts 
down  the  per  capita  use  of  water,  the  experience  'of  other 
cities  has  been  that  people  are  not  curtailed  in  their  legiti- 
mate use  of  water,  but  have  even  more  water  for  such  use. 
Only  about  one-fifth  of  the  people  are  big  wasters.  Meter- 
ing would  restrain  this  waste  and  thereby  increase  the  quan 
tity   that   would  be   available   for  families,   for   office   build 


ings.  and  for  factories.  The  objection  that  metering  would 
reduce  normal  water  use  and  so  cause  dirtiness  and  111 
health,  has  been  found  false  in  other  cities. 

The  Old,  Old  Gags. — The  countless  theoretical  objections 
to  meters  that  are  advanced  locally  today  are  the  same  ones 
that  were  disposed  of  years  ago  in  other  cities.  The  best 
answer  to  such  objections  is  that  they  are  never  heard  in 
cities  where  meters  are  largely  used.  Meters  are  only  op- 
posed where  they  are  unknown. 

Councils'  Patriotic  Duty. — Let  Councils  not  be  led  astray 
by  the  calamity  howlers,  but  let  them  seek  the  well  nigh 
univer.oal  opinion  of  other  cities  and  of  the  engineering  pro- 
fession. A  most  cursory  examination  would  convince  them 
of  their  patriotic  duty  to  legislate  for  universal  compulsory 
metering.  At  the  time  of  going  to  press  (this  bulletin  was 
issued  Sept.  26),  it  begins  to  look  as  though  the  Govern- 
ment might  interfere  just  as  they  did  in  the  vice  situation, 
and  order  meters  installed  as  a  fuel  saving  necessity.  Could 
a  better  spur  to  the  patriotism  of  Councils  be  applied'.' 


The  Community  Irrigation  Pumping  Plant 

By  E.  EARL  GLASS,  C.  E. 
The  individual  pumping  plant  is  probably  the  most  sat- 
isfactory source  of  water  supply  for  irrigation  purposes 
where  a  perpetual  gravity  supply  is  not  assured.  Small 
ranchers  may  realize  the  advantages  of  the  more  efficient 
large  plants  by  installing  a  co-operative  plant  on  a  centrally 
located  well  to  serve  the  adjacent  properties.  Such  a  mu- 
tual equipment  near  Los  Angeles,  Cal.,  is  furnishing  water 
to  10  ranches  having  a  total  area  of  125  acres  of  mature 
walnuts  on  a  light,  sandy  loam  soil.  The  plant,  consisting 
of  a  15-HP.  motor,  direct  connected  to  a  6-in.  horizontal 
centrifugal  pump,  sets  at  the  level  of  the  highest  ground- 
water in  a  concrete  lined  pit  5  ft.  x  6  ft.  and  20  ft.  deep. 
The  greatest  suction  lift  is  7  ft.  and  the  total  lift  is  30  ft. 
With  a  power  consumption  of  only  13i/>.  kw.  at  2  ct.,  this 
plant  delivers  a  stream  of  130  miner's  inches  (2.6  sec.  ft.) 
for  27  ct.  per  hour.    The  plant  cost  $770,  divided  as  follows: 

Well  $100 

Pit  ■ 120 

Pump,  motor  and  pipe 50O 

House   and   incidentals 50 

Total  cost    $7T0»- 

•Or  $6.20  per  acre  irrigated. 

This  plant  is  operated  12  hours  per  day  during  a  four 
months'  season,  the  ranchers  using  the  entire  stream  In  ro- 
tation. There  is  no  attendance  cost  as  the  motor  driven 
pumps  require  practically  no  attention.  The  total  cost  of 
operation  Is: 

Per  year. 

Depreciation  and  repairs  on  plant $  39 

Interest    on    investment 4G 

Power,   19,500  k.w.h.    at  2   ct 390 

Total     ., $475 

This  is  an  annual  cost  of  $3.80  per  acre;  $1.54  per  acre- 
foot  of  water  or  %  ct.  per  miner's  inch-hour.  The  differ- 
ence between  this  rate  and  what  they  had  been  paying  a 
commercial  water  company  paid  for  the  outfit  the  first  sea- 
son It  was  used.  This  is  only  an  example  of  an  economical 
irrigation  plant  and  demonstrates  the  advantages  of  neigh- 
boring irrigators  pooling  their  irrigation  developments. 

TABLE  I— PUMPING  PL.AXT  LOG. 

Irri-  Meter 

Date.            ga-  readings,  k.w.h.  Charges  at  2  ct.  per  k.w.h. 

191S.               tor.  Start.     Stop.     Used.       A.  B.            C.           D. 

Aug.    6 -V  4437       4599           lr,2       $3.24       $ $....       $.... 

Aug.    7 A  4599       4752          153  3.06         

Aug.    8 B  4752       4917          165         3.30         

Aug.    9 B  4917       5064          147         2.94         

Aug.    10 C  5064       5224          160         3.20 

Aug.    11 C  5224       5370          146         2.92 

Aug.   12 D  5370       5532          162  3.24 

Total    1,095       $6.30       $6.24       $6.12       $3.24 


A  printed  form  (see  Table  I)  was  held  in  a  frame  beside 
the  meter  and  each  irrigator,  upon  starting  the  pump,  noted 
the  meter  reading  and  again  when  he  shut  down,  signing 
h's  name  and  entering  beside  it  the  power  he  had  used  and 
the  charge  to  be  made  against  him.  The  next  user  checked 
the  'last  reading,  as  It  should  agree  with  his  first  figure. 
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Findingsof  International  Joint 

Commission  on  Pollution  of 

Boundary  Waters 

Kxtracts  from  the  tlnal  report  of  iho  Interuatiunal  Jolnl 
-C'vmniissioi)  on  the  Pollution  of  Houndary  Waters  were  given 
In  a  paper  presented  at  the  last  annual  meeting  of  the 
American  Society  for  .Municipal  Improvements  by  Capt.  F. 
A.  Dallyn,  Provincial  Sanitary  Kngineer  for  Ontario,  one 
of  the  engineering  advisers  of  the  Commission.  As  the  re- 
port of  the  Commission  was  completed  only  recently  and 
has  not  as  yet  been  printed,  the  following  outline  of  the 
findings  abstracted  from  Capt.  Dallyn's  paper  will  be  of  in- 
terest 

Section  7  of  the  conclusions  of  the  Commission  is  prob- 
ably the  one  of  most  vital  Interest  today.  This  section  is 
AS  follows: 

In  order  to  remedy  and  prevent  the  pollution  of  boundary 
«ttler.s.  and  to  render  them  siinltary  and  suitable  for  domestic 
imripo.ses  and  other  uses,  and  to  secure  adequate  piotecllon  and 
development  of  all  interests  involved  on  both  sides  of  the  boun- 
dary, and  to  fuUlU  the  obliKations  ...  of  the  treaty,  it  i.-: 
advisable  to  confer  upon  the  International  Joint  Commission 
ample  Jurisdiction  to  reKulaie  and  prohibit  this  iKillution  ol 
boundary  waters  and  waters  crossing  the   boundary. 

It  appears  that  the  Commission  does  not  ask  for  authority 
to  regulate  as  it  may  deem  advisable — without  limit — but 
that  it  recommends  that  some  authority  (itself  appearing  as 
the  most  natural)  be  clothed  with  power  to  regulate  as  con- 
sistent with  the  spirit  of  treaty  obligations  and  in  a  manner 
consonant  with  their  findings  and  conclusions. 

To  determine  the  extent  of  remedial  treatment  required 
in  each  particular  case  would  involve  consideration  of  the 
varied  lines  that  have  been  followed  by  the  Commission 
throughout  the  present  enquiry;  the  existence  of  pollution 
and  of  harm,  actual  or  potential,  to  domestic  or  other  uses, 
to  public  health  or  property;  the  results  of  the  engineering 
studies  of  feasible  remedies:  and  the  economic  facts  relat- 
ing to  the  conservation  of  stream  resources.  It  would  re- 
quire the  balancing  of  the  value  of  remedial  measures  in 
the  terms  of  public  good  against  the  cost  of  the  requisite 
Improvements. 

On  the  one  hand,  it  is  evident  that  the  paramount  impor- 
tance of  public  health  and  the  binding  obligations  of  the 
treaty  must  be  home  in  mind.  These  make  impossible  the 
recommendation  of  such  lenient  remedial  measures  as  would 
work  economic  injustice  or  would  endorse  officially  the  con- 
tinued spoliation  of  a  natural  resource  to  the  injury  of  the 
citizens  upon  both  sides  of  these  waters. 

On  the  other  hand,  sewage  treatment  requirements  must 
not  be  made  so  excessive  and  unreasonable  as  to  involve 
the  cities  and  towns  along  these  waters  in  an  expenditure 
entirely  unjustifiable.  They  should  be  reasonable  and 
feasible  from  the  standpoint  of  engineering  construction 
or  adaptability  to  local  conditions,  or  the  availability  of 
necessary  lands,  outfalls,   incidental   structures,   and   costs. 

Standard  for  Detroit  and  Niagara  Rivers. — In  view  of  the 
fact  that  pollution  in  the  Detroit  and  Niagara  Rivers,  and  its 
transboundary  effects  therein,  are  much  greater  than  in  the 
other  boundary  wafers,  these  two  rivers  will  be  treated  in 
one  class  and  the  remaining  boundary  waters  as  another 
class. 

The  problem  of  necessary  bacterial  purification  of  the 
sewage  discharged  into  the  two  former  is  one  of  extreme 
perplexity:  owing  to  the  difficulty  or  impossibility  of  ob- 
taining definite  and  ample  data  and  the  relative  importance 
to  be  attached  to  many  of  the  factors  which  enter  into  it. 

After  a  great  deal  of  consideration,  the  Commission  has. 
in  view  of  all  the  circumstances  of  the  case,  come  to  the 
conclusion  that  for  the  present,  and  as  an  immediate  step 
in  the  way  of  restoration  of  the  purity  of  these  streams, 
the  communities  responsible  for  the  discharge  of  raw  sew- 


Compllance  with  the  requirements  of  this  standard  would 
not  Impose  upon  the  riparian  communities  along  these  rivers 
discharging  their  sewage  therein  a  burden  which  would  be 
unreasonable  or  greater  than  that  ordinarily  imposed  upon 
urban  communities  which  purify  their  sewage. 

Water  and  Sewage  Standards. — It  necessarily  follows  that 
this  standard  of  sewage  purification,  being  based  upon  a 
tentative  standard  of  safe  loading  of  water-purification 
plants,  must  itself  be  tentative.  The  growing  appreciation 
of  sanitation,  the  consequent  demand  for  a  higher  degree 
of  purity  in  water  supplies,  and  the  constant  improvement 
that  is  taking  place  in  the  processes  of  sewage  treatment 
tend  to  make  a  proper  standard  of  sewage  purification  one 
of  ever-increasing  stringency.  The  discovery  of  a  new  and 
much  more  economical,  or  possibly  a  profitable,  method  of 
disposal  of  sewage,  for  example,  would  naturally  lead  to  the 
adoption  of  a  stricter  standard  of  permissible  pollution  in 
heavily  polluted  streams.  Kurtherniore,  any  limit  of  per- 
missible impurity  that  might  be  established,  even  tempo- 
rarily, for  a  given  stream  must  be  influenced  largely  by 
strictly  local  considerations. 

The  data  necessary  for  the  formulation  of  a  fixed  stand- 
ard, either  of  sewage  purification  or  of  water  purification, 
are  not  sufficiently  well  established  at  the  present  time.  By 
more  precise  methods  of  experimental  study  there  will 
doubtless  be  obtained  in  the  future  a  more  ample  and  ac- 
curate command  of  facts,  which  will  admit  of  the  determi- 
nation of  a  more  definite  standard. 

Professor  Phelps'  Standard. — In  view  of  the  difficulties  and 
uncertainties  of  bacteriological  technique,  it  is  distinctly 
advantageous  to  have,  if  possible,  a  working  rule  which  is 
more  accurate  and  readily  determinable  than  the  bacterial 
standard  suggested.  Professor  Phelps,  the  consulting  en- 
gineer, taking  the  results  of  the  extensive  investigations 
reported  upon  in  the  "Progress  Report"  as  an  index  of  the 
conditions  actually  existing,  worked  out  such  a  rule  or  stand- 
ard. 

He  found  that  if  the  sewage  of  the  cities  be  diluted  in  a 
stream  fiow  to  4  cu.  ft.  per  second  per  capita  of  the  popu- 
lation, the  resulting  water  will  contain  approximately  oOO 
B.  coli  per  100  cc.  It  the  dilution  is  proportionately  less 
than  this,  a  corresponding  degree  of  purification  of  the  sew- 
age will  be  necessary  to  maintain  the  final  stream  condi- 
tion. F^irther  investigations  will  no  doubt  make  possible  a 
more  accurate  statement  of  these  relations,  but,  as  the  en- 
tire matter  of  standards  is  always  subject  to  revision  in  the 
light  of  accumulated  knowledge,  it  is  considered  that  for 
all  purposes  of  a  present  inquiry,  the  practical  equivalence 
of  the  dilution  and  the  bacteriological  standards  may  be 
accepted. 

These  standards  are  not  applicable  to  rivers  other  than 
the  .Niagara  and  Detroit,  but  it  is  in  no  sense  to  be  inferred, 
however,  that  remedial  or  protective  measures  are  not  re- 
quired in  their  case,  where  the  dilution,  based  upon  the 
entire  cross-section  of  the  stream,  exceeds  in  every  instance 
4  ft.  per  second  per  capita  of  the  population. 

No  Untreated  Sewage  Should  Go  Into  Boundary  Waters. 
— The  view  of  the  advisory  engineers  is  adopted  that  no 
untreated  sewage  should  be  discharged  into  boundary 
waters,  but  the  Commission  considers  it  inadvisable  at  the 
present  time  to  prescribe  what  the  amount  of  treatment 
.should  be  in  the  case  of  these  remaining  rivers.  The  sew- 
age from  each  community  along  their  banks  must  be  con- 
sidered by  itself  In  respect  of  the  degree  of  purification  that 
is  necessary,  basing  the  standard  on  the  reasonable  use  of 
the  xyaters,  the  practical  possibilities  of  remedial  and  pro- 
tective measures,  the  economic  value  of  stream  purification, 
and  also  the  economic  value  of  stream  pollution,  proper  re- 
gard being  had  to  the  public  health. 

After  giving  much  attention  to  the  question  of  standards 


age  into  them  should   purify  it   to  such  an  extent  that   the      of  purification  in   the  six  boundary  rivers,  the  Commission 


resulting  average  cross-sectional  pollution  in  each  river  will 
not  exceed  the  limit  of  safe  loading  for  a  wator-purlflcatlon 
plant.  In  other  words,  the  standard  of  purification  required 
of  these  commnnities  should  be  such  that  the  streams,  after 
receiving  their  treated  sewage,  would  have  a  mean  annual 
cross-sectional  average  of  B.  coll  not  exceeding  500  per 
100  cc. 


has  come  to  the  conclusion  that  the  fixing  of  standards  for 
them  and  the  subsequent  modifications  of  these  standards, 
from  time  to  time,  should  he  left  to  some  authority  clothed 
with  the  necessary  power  to  deal  with  the  question.  This 
authority  should  also  have  power  to  vaiT.  from  time  to  time 
as  conditions  demand,  the  standards  of  sewage  purification 
in  the  Oetrolt  and  Niagara  rivers. 
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Sanitary  Aspect  of  Water  Supplies 
at  Army  Cantonments* 

By   LT.-COL.   JAMES   T.   B.   BOWLES,   N.A. 

The  water  requirements  of  the  cantonments,  both  from  the 
standpoint  of  quality  and  quantity,  have  been  anticipated 
by  the  Cantonment  Division  of  the  Quartermaster  Corps  re- 
markably well.  No  source  has  been  so  inadequate  that 
there  was  such  danger  of  shortage  that  it  had  to  be  supple- 
mented by  additional  sources — no  source  was  questionable 
from  the  sanitary  standpoint  to  the  extent  that  its  use  was 
prejudicial  to  health. 

In  the  development  of  the  water  supplies,  purity  was  not 
lost  sight  of.  Construction  quartermasters  at  the  various 
cantonments  were  given  blanket  authority  to  purchase 
chlorinators.  This  was  done  in  practically  all  cases,  either 
one  or  more  chlorinators  being  installed. 

The  development  of  supplies  tor  the  cantonments  has  been 
along  the  following  lines: 

(a)  Purchase  of  water  from  municipalities  where  the 
camp  was  located  within  a  reasonable  distance  from  city 
and  where  the  municipal  plant  had  facilities  to  assume  the 
additional  load. 

(b)  Development  of  a  special  supply — a  ground  water 
supply  where  there  was  knowledge  of  water  bearing  strata, 
and  where  the  cost  of  obtaining  it  was  not  prohibitive. 

(c)  Lastly,  development  of  surface  supplies,  supplemented 
by  a  purification  process  where  necessary. 

Of  31  National  Army  and  National  Guard  camps,  18  are 
supplied  with  water  from  municipal  .systems.  Twelve  of 
these  are  surface  supplies,  demanding  such  purification  as 
will  insure  at  all  times  a  clear,  colorless  and  sanitary  water. 
Six  are  ground  waters,  requiring  no  purification,  with  possi- 
ble exception  of  clilorination  more  as  a  prophylactic  than 
a  necessity.  Most  of  these  municipal  systems  have  been 
found  amply  large  enough  to  assume  the  demands  of  addi- 
tional   consumption    without    increased    plant    development. 

Fourteen  supplies  were  developed  by  the  Cantonment 
Division;  only  three  of  these  were  surface  supplies.  One 
of  these  surface  supplies  utilizes  water  from  a  sparsely  in- 
habited water  shed,  and  as  a  sanitary  precaution  no  other 
purification  is  necessary  than  chlorination.  The  other  two 
are  from  polluted  streams  and  require  purification.  Of  the 
ground  water  supplies  developed,  none  required  purification 
other  than  chlorination.  In  the  case  of  the  western  camps, 
where  ground  waters  are  used,  softening  for  boiler  and 
laundry   purposes   has   been   considered   advantageous. 

Supervision  of  quality  of  water  has  been  conducted  on  the 
following  lines: 

(a)  Inspection  of  municipal  plants. 

(b)  Arrangements  whereby  frequent  bacteriological  ex- 
aminations of  all  sources  could  be  made. 

The  inspection  of  municipal  plants  revealed  many  inter- 
esting conditions.  In  many  cases  a  modern  up-to-date 
plant,  supervised  by  live  officials  with  a  sense  of  the  neces- 
sity of  pure  and  wholesome  water;  but  in  too  many  cases, 
plants  operating  with  a  low  margin  of  safety,  and  under 
the  control  of  operators  who  had  little  knowledge  of  the 
kind  of  water  the  plant  was  turning  out. 

The  inspection  resulted  in  either  assisting  the  city  to 
secure  competent  men  to  supervise  operation  or  to  make 
arrangements  whereby  'an  officer  of  the  Sanitary  Corps 
would   assume   responsibility  for  the   quality   of  the   water. 

Some  authorities  gladly  and  willingly  co-operated  in  car- 
rying out  the  improvements  and  changes  recommended. 
Others  reluctantly  admitted  that  the  quality  of  their  water 
supply  was  not  above  suspicion.  This  latter  class  was 
usually  the  short-visioned,  non-informed  type  of  citizen, 
whose  ideal  of  the  best  fulfillment  of  his  position  was  in 
keeping  a  tight  clutch  on  the  purse-strings. 

From  the  beginning  of  the  cantonment  activities,  an  ef- 
fort was  made  to  secure  accurate  bacteriological  data  con- 
cerning the  various  supplies.  Prior  to  any  definite  knowl- 
edge of  the  potability  of  these  supplies,  it  was  assumed 
that  they  were  all  more  or  less  polluted;   or  at  least  there 

•From  the  September  Journal  of  the  American  Waterworks 
Association. 


was  potential  pollution  and  facilities  for  chlorination  were 
installed. 

In  this  the  department  had  the  co-operation  of  the  manu- 
facturers of  the  apparatus  for  applying  liquid  chlorine,  who 
gave  prior  consideration  to  all  Government  orders.  An- 
alyses were  made  at  the  Army  Medical  School,  Washing- 
ton, D.  C,  and  the  Departmental  Laboratories  of  the  U.  S. 
A.;  by  the  Red  Cross  Units  and  the  Public  Health  Service, 
and  at  the  base  hospital  laboratories  connected  with  the 
various  camp  hospitals. 

In  the  early  period  of  the  camps,  semi-weekly  samples 
were  collected  and  forwarded  by  express  or  mail  to  the 
nearest  Government  laboratory.  Where  the  results  of  the 
analyses  showed  contamination,  the  camps  were  imme- 
diately informed  by  telegraph.  The  means  of  protection 
was  chlorination,  and  where  this  was  not  possible  an  order 
was  issued  to  boil  all  drinking  water. 

In  the  extra-cantonment  areas,  the  U.  S.  Public  Health 
Service  included  examination  of  water  supplies  in  their 
routine  work.  This  was  of  great  assistance  in  checking  up 
the  operation  of  municipal  supplies.  A  great  many  of  these 
municipalities  had  no  analytical  data  on  their  water  sup- 
plies; furthermore  there  seemed  to  be  no  tendency  on  the 
part  of  the  various  State  Boards  of  Health  to  exercise  su- 
pervision or  control.  Where  analytical  data  were  avail- 
able the  interpretation  corresponded  to  numerous  and  va- 
ried standards. 

The  standard  of  the  Treasury  Department  as  applied  to 
interstate  carriers  was  early  adopted  as  the  standard  of 
water  supplied  to  the  cantonments. 

In  the  early  period  of  the  camps,  considerable  apprehen- 
sion was  caused  by  the  results  of  the  analytical  tests, 
which  in  many  cases  indicated  gross  pollution.  This  could 
be  accounted  for  only  as  a  result  of  construction.  This  pol- 
lution was  in  most  cases  temporary  and  gradually  disap- 
peared with  continued  use  of  wells  and  distribution  sys- 
tems. 

Since  the  base  hospital  laboratories  have  been  equipped, 
bacteriological  analyses  of  water  are  now  a  part  of  the 
daily  routine. 

The  results  of  sanitary  water  and  typhoid  prophylaxis 
have  resulted  in  a  remarkably  small  number  of  cases  of 
typhoid  and  related  diseases  among  the  troops  at  the 
camps.  From  Sept.  14  to  April  26,  there  have  been  123 
cases  of  typhoid  with  seven  deaths,  315  cases  of  dysentery 
with  one  death.  What  quota  of  these  cases  is  attributable 
to  water  it  is  impossible  to  say.  Several  of  the  typhoid 
cases  developed  in  the  early  part  of  September  and  may 
have  had  their  origin  in  civilian  communities. 

In  conclusion  the  author  would  state  that  liberal  applica- 
tion of  chlorine,  with  close  laboratory  control  and  super- 
vision, has  resulted  in  a  pure  and  wholesome  water  being 
supplied  to  the  camps  at  all  times. 


Public   Utilities  Commission's  Rulings  on  Water   Rates. — • 

Increased  rates  for  water  service  at  Mount  Vernon,  111.,  have 
been  authorized  by  the  Illinois  Public  Utilities  Commission. 
The  new  rates  are:  First  10,000  gal.,  40  ct.  gross;  next 
90,000  gal.,  20  ct.  gross;  all  over  100,000  gal.,  15  ct.  Fixed 
charges  were  established  for  service  installation.  The  Com- 
mission also  has  granted  permission  to  the  Cairo  (111.) 
Water  Co.  to  raise  its  rates.  An  emergency  surcharge  of 
20  per  cent  was  authorized  on  all  flat  rates.  The  New  Jer- 
sey Public  Utility  Commission  has  given  permission  to  the 
New  Jersey  Wat'er  Service  Co.  of  Hadden  Heights,  to  exact 
a  war  surcharge  of  20  ct.  monthly  from  each  connected  cus- 
tomer. The  company  asked  that  a  charge  of  25  ct.  be  allowed. 


2,000,000- Ac  re  Irrigation  Proposed  for  Rio  Grande  Valley. 
— It  is  reported  that  members  of  the  International  Bound- 
ary Commission  will  make  a  favorable  report  to  the  United 
States  and  Mexican  Governments  on  an  irrigation  project 
for  the  reclamation  of  2.000,000  acres  of  land  in  the  lower 
valleys  of  the  Rio  Grande.  The  tentative  plans  involve  the 
building  of  an  international  dam  across  the  Rio  Grande  at 
or  near  Roma,  Tex.,  and  the  construction  of  large  systems 
of  canals  and  ditches  on  the  American  and  Mexican  sides 
of  the  stream. 
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Flow  of   Water  in  Wash    Water 
Troughs  for  Rapid  Sand  Filters 

An  investigation,  having  for  its  principal  objects  the  de- 
termination of  the  surface  curves  for  flow  of  water  in  wash 
water  troughs  and  the  development  of  a  formula  that  would 
be  of  assistance  to  the  designers  of  such  troughs,  was  con- 
ducted recently  at  the  hydraulic  laboratory  of  Cornell  Uni- 
versity by  Ernest  C.  Fortler  and  Frank  V.  Fields.  The  e-v- 
periments  were  described  by  Mr.  Fields  In  The  Cornell  Civil 
Engineer,  from  which  the  matter  tn  this  article  Is  ab- 
stracted. 

The  galvanized  Iron  trough  (see  Fig.  1)  used  in  the  ex- 
periiiit'nts  had  a  cross  section  approximating  a  rectangle 
surmounting  a  semi-circle  of  7-in.  radius.    The  section  was 


Fig.    1 — Section   of   Trough    Used    in    Experiments. 

the  Fame  as  that  used  in  the  new  filter  plant  at  Cleveland, 
O.  It  also  was  recommended  in  the  preliminary  design  of 
the  filtration  plant  for  Lima,  O.  The  length  of  the  trough 
used  (20  ft  )  was  the  same  as  that  recommended  for  Lima. 
The  troughs  in  the  Cleveland  plant,  however,  are  of  greater 
length. 

Four  series  of  runs  were  made:  first  with  the  bottom  of 
the  trough  horizontal,  second,  with  the  grade  of  0.4  per 
cent,  third  with  the  grade  of  0.8  per  cent  and  fourth  with 
the  grade  of  2.0  per  cent.  In  each  case  the  crests  were 
hori^.ontal  and  each  side  was  as  nearly  the  same  elevation 
as  It  was  possible  to  make  them. 

An  abstract  of  the  data,  showing  the  results  of  each  run 
Is  given  In  Table  I.  In  each  series  the  maximum  flow  was 
the  capacity  of  the  trough  for  that  slope,  the  water  com- 
pletel;.  filling  the  trough  to  the  iron  braces  at  some  point 
In  the  trough. 


Condition  of 
flow  into 
trouKh. 
Napoo  free 
Napoo  fret- 
Napoo  froo 
Xapno  froo 
ClInKint  How 
Napoo  froo 
Napoo  fi"oe 
Napoo  free 
Napoo  froo 
CIlnKinK    How 
ninKlOK    flow 
Napoe  froo 
N'apoo  froo 
Napoo  froo 
CllnKlni,'  How 
Napoe  froo 
Napoo  froo 
N.npoo  froo 
CllnKln,;   flow 


TABLE  I. 

Grade. 

Moa.l   on 

nischarge 

Run  No. 

per  cent. 

rrent.   ft. 

C.f.B. 

9 

0.0 

ii79 

3.539 

10 

0.0 

.067 

2.850 

11 

0.0 

.0525 

2.034 

12 

0.0 

.036 

1.313 

13 

0.0 

.017 

0.546 

14 

0.0 

.049 

2.034 

15 

0.4 

.079 

3.565 

lli 

0.4 

.0555 

2.218 

17 

0.4 

.038 

1.439 

18 

0.4 

.022 

0.423 

19 

0.4 

.0176 

0546 

;o 

0.8 

.083 

3.764 

21 

O.S 

.064 

2.629 

22 

O.S 

.038 

1.413 

1                               23 

0.8 

.014 

0.481 

24 

2.0 

.091 

4.323 

2S(n) 

2.0 

.070 

3.003 

2S 

2.0 

.045 

1.710 

S                               27 

2.0 

.012 

0.387 

Discusiion  of  Result*. — The  principal  aim  of  the  inves- 
tigation was  to  determine  the  capacity  of  this  trough,  and 
a!bu  to  work  out.  If  possible,  some  formula  that  would  aid 
in  designing  troughs  of  similar  section.  It  was  especially 
desirous  to  determine  the  effect  on  the  capacity  of  putting 
the  bottom  of  the  trough  on  a  slope.  Instead  of  horizontal, 
as  Is  the  custom  in  practice. 

The  profiles  of  the  water  surface  in  the  trough  are  made 
up  of  two  parabolas,  each  of  the  form — 

Y  =  mx» 
where  T  is  the  depth  at  any  point  and  x  Is  the  distance  of 
the  point  from  the  discharge  end  of  the  trough. 

From  the  Intercepts  of  these  curves  on  the  line  x  =  l. 
and  the  values  of  Q  for  the  runs,  the  coeflicient  m  Is  found 
to  be — 

m  =  .458  Q'" 
for  the  level  series.  The  slope  of  the  curves  gives  the  value 
of  n  as  .138  for  the  parabola  in  the  lower  end  of  the  trough. 
Similarly  for  the  parabola  In  the  upper  end  of  the  trough, 
the  coefficient  m  is  .587  Q'""  and  the  value  of  n  Is  found  to 
be  .032.  The  equations  of  these  curves  are  then,  for  the 
lower  parabola — 

Y  =  .458  Q»'x'» 
and  for  the  upper  parabola, 

Y  =  .5S7  Q,-"x-« 

These  equations  were  determined  for  the  series  with  the 
trough  in  a  horizontal  position  and  lines  of  the  same  slope 
have  been  drawn  through  the  points  obtained  for  the  other 
series.  They  fit  fairly  well  except  for  the  low  flows,  where 
they  evidently  do  not  fit  at  all.  It  might  be  well  to  point 
out  here  that  the  curves  on  logarithmic  paper  do  not  rep- 
resent the  depth  in  the  trough,  except  in  the  level  series, 
but  are  plotted  between  distance  from  the  discharge  end  of 


Fig.   2- 


Maxirrum  Deofhin  Trouqh 
-Maximum    Depth    In  Troughs  for  Various   Discharges. 


the  trough  and  the  height  of  the  water  surface  above  the  dis- 
charge end  of  the  trough. 

For  the  level  series  the  points  of  intersertion  between  the 
lower  parabola  and  the  one  In  the  upstream  end  of  the 
trough,  also  lie  on  a  parabola,  and  its  equation  Is — 

z  =  10Q'' 
where  z  Is  the  distance  from  the  discharge  end  to  the  In- 
tersection of  the  two  parabolas. 

By  plotting  the  surface  profiles  on  cross-section  paper, 
the  maximum  depths  In  the  trough  for  all  runs  were  deter- 
mined and  these  are  plotted  in  Fig.  2  as  abscissas  and  the 
corresponding  values  of  Q  are  plotted  as  ordinates.  These 
curves  show  that  the  discharge  varies  as  some  power  of  the 
maximum  depth  In  the  trough  and  that  this  exponent  is 
very  nearly  the  same  for  the  three  higher  grades.  The 
slope  of  the  trough  does  not  seem  to  affect  the  exponent 
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The  equa- 


but  is  a  factor  in  the  coefficient  of  the  equation 
tion  is  of  the  form — 

Q  =  m[l  +  f  (s)]  d" 
where  s  is  the  per  cent  slope  and  d  is  the  maximum  depth 
occurring  in  the  trough.     The  equation  is  found  to  be — 

Q  =  2.28(1  +  .295  s'"')  d'"* 
This  formula  does  not  hold  exactly  for  the  level  condition 
and  since  it  is  the  practice  to  set  these  troughs  level  in 
actual  installations,  it  might  be  well  to  give  the  formula 
that  applies  strictly  to  the  level  condition  as  indicated  by 
these   experiments,   which   is — 

Q^2.28  d'"°' 

This  condition  of  flow  has  been  discussed  by  Mr.  C.  X. 
Miller.*  The  formula  derived  by  Mr.  Miller  for  a  rec- 
tangular trough  is — 

Q  =  1.91  b  (y  +  Itana)--,- 

*In  ths  book,  "Water  Purification,"  by  J.  W.  Ellms. 
where  b  is  the  width  of  the  trough,  y  is  the  depth  in  the 
upstream  end,  1  is  the  length  of  the  trough  and  a  is  the  angle 
between  the  bottom  of  the  trough  and  the  horizontal.  Mr. 
Miller  states  that  for  any  other  section  of  trough  it  can 
be  reduced  to  an  equivalent  rectangular  section  and  then 
his  formula  can  be  applied.  It  seems  that  there  would  be 
three  "equivalent  rectangular  sections";  one  with  the  same 
width,  another  with  the  same  depth  and  still  a  third  with 
the  same  hydraulic  radius,  all  of  which  would  have  the 
same  area.  Upon  investigation,  however,  it  will  be  found  that 
no  rectangular  section  can  have  the  same  area  and  hy- 
draulic radius  as  a  section  that  is  made  up  partly  of  a  semi- 
circle; as  the  section  under  consideration  is  made  up  of  a 
semicircle  surmounted  by  a  rectangular  area,  only  the  first 
two  equivalent  rectangles  will  be  considered.  The  values 
of  Q  for  the  maximum  quantity  and  one  of  the  lower  quan- 
tities have  been  computed  according  to  the  formula  men- 
tioned, for  each  setting  of  the  trough  and  are  given  in  Table 
11.  The  values  found  by  experiment  are  also  given  for  com- 
parison. 

It  will  be  seen  from  Table  II  that  the  discharge  for  the 
trough  used  as  computed  by  Mr.  Miller's  formula,  gives  re- 
sults that  are  from  6  per  cent  to  19  per  cent  too  small. 

The  discharging  capacity  of  a  trough  of  the  same  cross- 
section  but  for  lengths  other  than  20  ft.,  cannot  be  foretold 
from  these  experiments. 

Conclusion. — The  design  of  wash  water  troughs  for  slopes 
up  to  2  per  cent  and  of  sections  similar  to  that  used  in 
these  experiments  can  be  aided  by  the  use  of  the  formulas 
given  or  from  Fig.  3.  If  the  quantity  of  water  to  be  han- 
dled is  known,  the  number  of  troughs  can  be  assumed  and 
the  maximum  depth,  hence  the  section,  computed.  In  gen- 
eral it  has  been  the  practice  to  set  these  troughs  level,  and 
in  such  a  case  the  trough  is  of  uniform  section  throughout 
its  length.  If  the  bottom  is  set  on  a  grade,  the  section  is 
smallest  at  the  upstream  end  and  increases  uniformly  to 
the  downstream  end.  In  this  condition  the  maximum  depth 
may  not  occur  at  the  upstream  end  but  at  some  point  far- 
ther down  in  the  trough.  The  amount  of  metal  for  either 
level  or  sloped  setting  would  be  about  the  same,  but  the  2 
per  cent  setting  gives  an  increase  in  capacity  of  about  22 
per  cent  over  the  level  setting.  The  flatter  slopes  give 
only  a  small  increase  in  capacity  and  therefore  are  of  no 
commercial  importance. 

There  is  another  factor  that  should  be  given  some  thought 

TABLE    II- 


Grade  of  Area 

trough.  sq.  ft.  I  tan  a- 

Level 1.39S  .00 

Level 0.767  .00 

0.4% 1.300  .08 

0.4% 0.G98  .08 

0.8% 1.245  .16 

0.8% 0.590  .16 

2.0% 1.110  .40 

2.0% 0.445  .40 

FCR  Y  =  DEPTH 


Level . . . 
Level . . . 
0.4%.... 
0.4% .... 
0.8%..., 
0.8%.... 

2.0% 1.110 

2.0% 0.445 


1.395 
0.767 
1.300 
0.698 
1,245 
0.590 


Qby 

Q  bv 

experi- 

b. 

Equiv.  V. 

formula. 

ment. 

1.17 

1.192 

2.907 

3.539 

1.17 

0.655 

1.185 

1.313 

1.17 

nil 

2.907 

3.565 

1.17 

0.596 

1.241 

1.439 

1.17 

1.064 

3.028 

3.764 

1.17 

0.504 

1.201 

1.413 

1.17 

0.949 

3.502 

4.323 

1.17 

0.381 

1.542 

1.710 

<"  THE 

UPSTREAM   END. 

1  093 

1.275 

3.100 

3.539 

1.022 

0  7.50 

1.26S 

1.313 

1.090 

1.192 

2.990 

3.565 

1.003 

0.69.T 

1.330 

1.439 

1.088 

1.145 

3.090 

3.764 

0.968 

0.610 

1.251 

1.413 

1.072 

1.035 

3.530 

4.323 

O.90O 

0.495 

1.455 

1.710 

when  designing  these  troughs.  The  capacity  for  this  trough 
as  stated  in  this  article,  is  based  on  that  section  of  the  trough 
below  the  lower  edge  of  the  row  of  iron  braces  that  hold 
the  crests  apart.  These  braces  are  bolted  through  holes 
in  the  trough  itself,  hence  the  row  is  always  parallel  to 
the  bottom  of  the  trough.  In  an  actual  installation  there 
would  be  fewer  of  these  braces  and  they  would  be  so  placed 
as  to  give  minimum  resistance  to  the  flowing  water,  hence 
the   whole  section  of  the  trough  would  be  used. 

Still  another  factor  to  be  considered  is  the  effect  of 
"flooding"  the  trough;  that  is,  increasing  the  flow  until  the 
trough  is  under  water.  Such  a  flow  was  obtained  on  the 
2  per  cent  setting,  and  showed  a  discharge  of  9.26  cu.  ft. 
per  second.  This  flow  cannot  be  used  as  a  criterion,  how- 
ever, since  there  is  a  consideiable  section  in  this  trough 
above  the  iron  braces  and  also  the  effect  on  the  area  of 
these  iron  braces  is  uncertain.  The  total  area  of  the  trough 
for  this  run  was  l.SS  sq.  ft.  at  the  upstream  end  and  2.26 
sq.  ft.  at  the  lower  end.  This  seems  to  indicate  that  where 
a  trough  is  designed  so  that  it  will  carry  the  expected  flows 
within  its  section,  it  will  have  an  overload  capacity  of  pos- 
sibly 50  per  cent  when  flooded. 


Efficiency  of  Lime  for  Correcting  Acidity 
in  Sludge 

During  1916  the  two  Imhoff  tanks  at  the  Pennypaek 
Creek  sewage  treatment  works  of  Philadelphia,  Pa.,  were 
operated  experimentally  in  order  to  determine  the  effi- 
ciency of  lime  to  correct  acidity  in  the  sludge.  The  results 
of  this  test  are  outlined  in  the  1917  report  of  Chester  E. 
Albright.  Chief  Engineer  Bureau  of  Surveys: 

No  lime  was  added  to  Tank  No.  1,  while  10  lb.  of  lime, 
slaked  in  water,  each  day  were  allowed  to  trickle  into  the 
sludge  in  Tank  No.  2. 

On  March  21,  1917,  21  cu.  yd.  of  sludge  were  withdrawn 
from  Tank  No.  1.  This  sludge  was  undigested,  contained 
considerable  fat  in  appreciable  sized  pieces,  the  moisture 
content  was  about  87.6  per  cent,  and  the  sludge  required 
about  five  weeks  to  dry  on  the  drying  beds.  The  chemical 
analysis  under  cold  test  showed  acidity  831  parts  per 
million  and  of  the  dry  residue  20  per  cent  was  fat. 

On  April  4,  50  cu.  yd.  of  sludg.e  were  withdrawn  from 
Tank  No.  2.  This  sludge  was  well  digested,  and  requi^ed 
about  three  weeks  to  dry  on  the  drying  beds.  The  chem- 
ical analysis  under  cold  test  showed  acidity  260  parts  per 
million,  and  of  the  dry  residue  17.2  per  cent  was  fat. 

A  comparison  of  the  qualities  of  these  sludges  strength- 
ened the  belief  in  the  efficacy  of  lime  to  correct  acidity, 
and  beginning  April  6,  1917,  lime  slaked  in  water  (15  lb. 
to  each  tank)  was  added  daily.  Table  I  shows  the  improve- 
ment in  the  sludge  of  Tank  No.  1  after  the  addition  of  lime. 
TABLE  I. 


S  < 

Specific    gravity 1.023  1.027 

Acidity   cold    831  720 

Ariditv    hot 875  1.120 

Alltalinity    hot 

Percentaj^e    moisture. . . .      S7.6  S7.3 

Percentage  of  dry  resi- 
due   that   is   volatile...       42  56 

Percentage  of  dry  resi- 
due  that  is  fixed 58  41 

Percentage  of  dry  resi- 
due that  is  fat 20  19 

Drying   on   beds ■  - 

Cbaracteristics  as  to  di- 
gestion              "  '^ 

Cubic    yards   withdrawn.       21  29 

'^'ery  slowly.    ^Slowly.    =Fair.  <Good. 


< 

O 

<bi 

1.029 

0.996 

1.062 

1.073 

346 

139 
94 

100 

131 

540 

635 

376 

Total 1S4 


^Very  good.    "Poor. 


Eighty  Per  Cent  Increase  in  Cost  of  Laying  Water  Mains. 

— The  average  cost  in  1916  of  laying  6-in.  water  mains  at 
Council  Bluffs,  la.,  was  $5,187.60.  In  the  fall  of  1917,  ac- 
cording to  the  last  annual  report  of  the  water  works  trus- 
tees, the  cost  had  increased  to  $9,636. 
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Methods  of  Measuring   Irrigation 
Water  Deliveries  to  Farms* 

By  J.  S.  LONUWELL. 
.VKNlHtiml  rcnmneer,  I  .  S.  Rvelamatlon  Service. 
Measurement  by  Floats. —  Measurements  are  occasionally 
made  by  means  of  flouts  dropped  in  the  stream.  Several 
ftoat.s  should  be  used  and  ihey  should  be  allowed  to  float 
for  approximately  imi  ft  during  the  observation.  The  rate 
of  How  of  each  float  should  be  observed  and  the  velocity 
of  the  float  covering  the  distance  in  the  shortest  time  should 
be  taken.  This  velocity  is  then  multiplied  by  a  coefflcient 
varying  from  0.6  to  0.9  depending  on  the  size  of  stream 
and  condition  of  the  channel.  The  cross  section  of  the 
stream  is  obtained  and  llii.';  multiplied  by  the  reduced  float 
velocity  gives  the  discharge.  This,  of  course,  gives  only  an 
appro.\imation  of  the  discharge  and  should  only  be  used 
where  no  better  method  is  available. 

Rating  Flumes. —  Rating  flumes  have  been  used  to  some 
e.\tent  in  the  older  irrigation  districts  and  are  still  in  use 
in  some  localities.  The  rating  flume  consists  usually  of  a 
small  timber  flume  set  in  the  farm  lateral  at  a  sufficient 
distance  below  the  headgaie  so  that  the  flow  will  not  be 
influenced  by  the  velocity  of  the  water  as  it  issues  from 
the  gate.  A  gage  is  set  on  the  side  of  the  structure  so  that 
it  shows  the  depth  of  water  passing  through  the  flume. 
.Measurements  are  made  with  a  current  meter  for  the  va- 
rious depths  of  flow  in  the  flume.  The  measurements  are 
plotted  and  a  rating  curve  and  rating  table  worlced  out. 
This  table  shows  the  discharges  for  all  depths  of  water 
passing  through  the  flume.  If  conditions  below  the  flume 
remain  the  same  throughout  the  season  as  existed  at  the 
time  of  mailing  the  rating,  the  rating  will  not  change  and 
the  results  will  be  very  reliable.  However,  in  most  farm 
ditches  this  condition  does  not  exist,  the  farmer  usually 
has  checks  located  in  his  ditch  for  use  in  irrigating  the 
higher  ground  adjacent  to  the  canal  or  lateral.  As  soon  as 
he  checks  the  water,  unless  there  is  a  large  fall  between 
the  flume  and  the  check,  the  water  will  be  held  up  in  the 
flume  and  stand  at  a  much  greater  depth  than  shown  on 
the  rating  table  for  this  discharge.  Growths  of  weeds  and 
moss  and  deposits  of  silt  produce  the  same  effect.  Each 
of  these  conditions  makes  the  rating  table  of  no  use  and 
renders  the  flume  useless  unless  frequent  measurements 
are  made  throughout  the  season. 

Headgates. — Many  projects  use  the  farm  headgates  for 
making  measurements  of  all  water  delivered  to  the  farms. 
Gapes  are  set  above  and  below  the  gates  and  the  gate  stem 
is  marked  in  some  way  so  that  the  gate  opening  can  be 
obtained.  To  obtain  the  flow  through  the  gate  it  Is  then 
necessary  to  determine  the  proper  value  of  the  discharge 
coefflcient  "C"  in  formula  Q  =  CA  V  2gh.  This  is  deter- 
mined either  by  a  careful  rating  of  one  particular  gate  or 
by    numerous    measurements   on   different    gates. 

It  is  found  that  the  coefflcient  for  headgates,  even  though 
they  are  all  of  the  same  general  design,  varies  materially 
throughout  the  season.  This  is  due  to  velocity  of  approach, 
silt  deposits  above  the  gate,  varying  contraction  conditions 
at  the  Inlet  and  different  recoveries  of  velocity  head  at  the 
outlet.  Each  of  these  conditions  tends  to  change  the  co- 
efflcient and  reduce  the  accuracy  of  the  headgate  as  a  meas- 
uring device.  On  the  Minidoka  project  these  coefficients 
for  a  12  by  18in.  gate  were  found  in  some  600  tests  to  vary 
from  0.5  to  a  value  greater  than  1  with  a  mean  value  of  0.75. 
One  gate  may  be  located  so  that  the  water  drops  at  the 
end  of  the  structure,  another  may  be  set  several  feet  be- 
low water  surface  In  the  farm  ditch,  and  still  another  may 
be  located  with  conditions  below  the  structure  such  that  a 
portion  of  the  velocity  head  is  recovered.  Each  one  of 
these  will  have  a  different  discliarge  coefflcient.  Thus  un- 
less a  number  of  measurements  can  be  obtained  on  each 
turnout  during  the  season,  and  the  correct  value  of  "C" 
determined  for  various  conditions  of  flow,  the  accuracy 
of  the  results  Is   very  questionable. 

Weirs.— By  far  the  most  prevalent  type  of  measuring  de- 
vice used  in  the  measurement  of  water  to  the  farmer  is  the 
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weir.  Various  types  of  weirs  are  used  in  different  localities, 
the  most  common  of  these  types  being — 

1.  Cipnlletti  weir. 

2.  Kertangular  weir  with  end  contractions. 

3.  Kcctangular    weir    with   end    contractions   suppressed 
Of  these  types  the  Cipolletti   weir  is  doubtless  the  most 

extensively  used.  The  discharge  is  obtained  from  the  fa- 
miliar formula  Q  =  3.367  Lh-  the  effect  of  end  contraction 
being  taken  care  of  by  the  batter  given  the  ends.  The  rec- 
tangular weir  with  end  contractions  is  also  used  extensively, 
its  disi  Ikul'.'  tii.iiie  given  by  the  formula — 

y  =  3.33  (L— .2h)h'. 
Both  oi  iiiiM'  lypes  of  weirs  will  give  good  results,  there 
being  no  particular  preference  as  to  accuracy.  In  order, 
however,  to  obtain  good  measurements  with  either  of  them, 
it  is  necessary  that  they  be  provided  with  stilling  pools 
immediately  above  or  that  provision  be  made  for  determin- 
ing the  velocity  of  approach.  The  structures  should  not 
be  located  too  close  to  the  turnout  in  order  to  avoid  the 
high  velocities  usually  prevalent  at  those  points.  In  cases 
where  it  is  impossible  to  obtain  a  stilling  pool  of  sufficient 
length  below  the  turnout,  baffles  are  frequently  used  and 
the  length  of  pool  reduced.  The  rectangular  weir  with  con- 
tractions suppressed  has  not  been  used  to  any  great  ex- 
tent generally  although  in  the  State  of  Utah  it  is  used  con- 
siderably. The  accuracy  of  this  type  of  weir  depends  on 
obtaining  the  height  of  the  crest  above  the  floor  of  the 
channel  of  approach,  as  well  as  the  depth  of  water  over 
the  crest.  Even  on  projects  where  the  silt  conditions  are 
not  severe,  there  is  always  more  or  less  silting  and  hence 
a  changing  of  the  height  of  the  crest  and  in  turn  a  con- 
stant necessity  for  obtaining  the  height  of  the  crest. 

On  those  projects  where  the  silt  problem  is  very  severe, 
the  Cipolletti  and  rectangular  weir  with  end  contractions 
are  not  practicable  as  the  stilling  pools  soon  fill  up  and 
the  water  runs  in  a  narrow  channel  to  the  weir,  thus  vitiat- 
ing the  results  unless  the  velocity  of  approach  is  obtained 
and  corrections  applied.  The  rectangular  weir  with  end 
'contractions  suppressed  is.  however,  better  suited  to  these 
conditions  than  the  other  two  and  it  is  believed  that  by 
measuring  the  height  of  the  crest  each  day  fairly  reliable 
results  can  be  obtained,  even  with  bad  silt  conditions. 

In  all  of  the  above  cases  it  is  essential,  for  the  best  re- 
sults, that  the  weir  crest  be  set  sufficiently  high  so  that 
the  water  in  the  ditch  below  the  weir  will  not  back  up 
above  the  crest.  It  is  difficult  in  locating  weirs  to  deter- 
mine just  where  the  water  will  stand  in  the  farmer's  ditch. 
as  the  extent  to  which  his  ditch  will  fill  up  with  silt  or  be 
fouled  by  weeds  and  moss  is  very  problematical.  It  is 
also  necessary  to  be  careful  that  the  weir  crest  is  not  set 
so  high  that  the  operation  of  the  canal  or  lateral  is  in- 
terfered with;  that  is,  that  it  is  necessary  to  maintain  a 
very  high  water  surface  in  the  canal  or  lateral  in  order  to 
put  the  required  amount  of  water  over  the  weir.  In  such 
cases  it  is  not  only  difficult  to  operate  the  canal,  but  it  is 
also  very  disagreeable  to  the  water  user,  as  any  slight  drop 
in  water  surface  in  the  canal  shuts  his  water  off 

In  such  cases  it  is  better  to  set  the  weir  lower  and  op- 
erate it  a  part  of  the  time  as  a  submerged  weir  or  to  adopt 
a  different  type  of  measuring  device.  The  weir  may  sub- 
merge to  a  depth  equal  to  one-tenth  of  the  height  of  water 
over  the  crest  and  not  affect  the  flow  over  the  weir.  Tables 
are  available  giving  the  effects  for  greater  submergence, 
but  it  is  believed  that  in  cases  where  a  greater  submergence 
than  one-tenth  of  the  head  on  the  crest  is  obtained  for  any 
length  of  time  the  crest  should  be  raised  or  a  different  type 
of  device  used.  In  all  weir  installations  accurate  gages 
reading  to  hundredths  of  feet  should  be  used.  For  all  prac- 
tical purposes  these  may  be  nailed  to  the  head  wall  of  the 
weir,  care  being  taken  to  keep  them  set  back  about  18  In. 
from  the  sides  of  tlio  weir  opening. 

The  Submerged  Orifice. — In  cases  where  it  is  found  Im- 
practicable to  use  a  weir  on  account  of  lack  of  sufficient 
available  head  or  from  operating  conditions,  the  submerged 
orifice  Is  very  frequently  used.  The  advantages  of  sub- 
merged oriflces  are  that  they  require  only  a  small  head 
to   operate   and   also   that    Ihey   are   set   sufficiently   low   so 
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that  even  for  small  discharges  it  is  not  necessary  to  check 
the  water  in  the  canal  or  lateral  in  order  to  force  the  water 
through  them.  They  should  always  be  set  with  the  open- 
ing at  least  as  low  as  the  farm  lateral. 

The  submerged  orifice  requires  a  stilling  pool  above  the 
structure  to  eliminate  velocity  of  approach.  The  same  re- 
quirements as  to  the  stilling  pool  apply  as  in  the  case  of 
weirs.  Since  stilling  pools  are  required,  the  submerged 
orifice  has  the  same  drawbacks  as  the  weir  in  all  places 
where  the  silt  is  bad,  and  should  not  be  used. 

In  setting  the  orifice,  care  should  be  taken  to  set  the 
orifice  opening  sufficiently  low  so  that  the  opening  is  sub- 
merged at  all  times.  For  the  usual  farm  deliveries  on  the 
Minidoka  project  it  was  found  that  the  water  on  the  down- 
stream side  of  the  opening  should  stand  approximately  1 
ft.  above  the  top  of  the  opening  to  give  good  results.  The 
upper  gage  is  set  on  the  headwall  to  one  side  of  the  orifice 
opening. 

The  gage  on  the  downstream  side  of  the  opening  should 
be  set  immediately  below  the  opening  so  that  the  actual 
pressure  head  on  the  gate  opening  will  be  obtained  and 
the  effect  of  recovery  of  velocity  head  avoided. 

At  least  0.2  ft.  should  be  provided  for  measurement  to 
insure  good  results,  and  the  size  of  opening  should  be  ar- 
ranged accordingly.  In  case  the  quantity  of  water  deliv- 
ered varies  greatly  it  may  be  necessary  to  install  a  gate 
on  the  orifice  so  that  the  size  of  orifice  may  be  regulated 
for  different  flow  conditions.  The  gate  stem  in  this  case 
should  be  so  mai-ked  that  the  area  of  opening  being  used 
is  shown  direct  as  1  sq.  ft.,  2  sq.  ft.,  etc. 

Since  the  orifice  must  be  set  low  in  order  to  insure  sub- 
mergence, the  natural  shape  is  a  long  narrow  opening.  Nat- 
urally these  tend  to  collect  weeds  and  trash  and  more  or 
less  trouble  may  result. 

It  has  been  found  that  good  results  can  be  obtained  by 
combining  the  orifice  and  turnout  into  one  structure  and 
placing  it  in  the  ditch  bank.  The  orifice  opening  is  placed 
in  the  front  wall  and  the  regulating  gate  is  located  back 
of  it.  In  this  manner  the  head  used  for  the  turnout  is 
utilized  for  measuring  the  water  and  the  regulating  gate  is 
made  sufficiently  large  so  that  there  is  practically  no  loss 
through  it.  A  stilling  pool  is  done  away  with,  as  the  canal 
or  lateral  serves  as  a  stilling  pool;  it  is  only  necessary  to 
maintain  one  structure  instead  of  two  and  much  less  trouble 
is  experienced  with  the  weeds  than  where  the  stilling  pool 
is  used.  A  gate  to  regulate  the  size  of  orifice  opening  can 
be  used  if  necessary  as  described  above. 

Venturi  Flume. — This  device  has  not  been  used  to  any 
great  extent  as  yet,  but  theoretically  and  from  what  tests 
have  been  made  it  should  prove  a  very  good  measuring  de- 
vice in  many  instances. 

The  same  principle  applies  to  this  device  as  to  the  Ven- 
turi meter  except  that  the  area  varies  in  the  flume,  whereas 
in  the  meter  it  is  constant.  The  device  consists  of  a  con- 
verging section  leading  from  the  lateral  section  to  a  nar- 
row throat  and  then  a  diverging  section  leading  back  from 
the  throat  to  the  lateral  section.  Due  to  the  inci'ease  in 
velocity  as  the  water  passes  through  the  throat  section,  a 
decided  drop  in  the  water  surface  takes  place.  In  the  di- 
verging outlet,  if  properly  designed,  the  greater  portion  of 
the  change  in  velocity  head  between  the  throat  section 
and  the  lateral  section  may  be  recovered  and  thus  only  a 
very  small  overall   loss   will  be  required. 

The  measurement  is  based  on  the  drop  in  the  water  sur- 
face from  a  point  at  the  upper  end  of  the  flume  to  the 
throat  section  and  also  on  the  depth  in  the  throat.  Still- 
ing wells  are  usually  used  at  each  of  these  points  and  the 
zero  of  the  gages  used  is  set  level  with  the  floor  in  the 
throat.  Thus  a  reading  of  the  two  gages  will  give  the  drop 
in  water  surface  and  also  the  depth  in  the  throat.  It  is 
necessary  to  calibrate  these  devices  for  various  drops  of 
water  surface  and  depth  of  water  in  the  throat  and  to  pre- 
pare rating  curves  and  tables. 

The  height  of  the  water  surface  below  the  structure  does 
not  need  to  he  considered  after  having  rated  the  flume  for 
the  various  conditions  of  flow. 

In  cases  where  there  is  a  decided  range  of  flow  it  is 
necessary  to  design  the  flume  so  that  a  good  measurement 
will  be  obtained  for  the  low  as  well  as  the  high  discharges 


and  still  keep  within  the  limits  of  head  available  for  the 
maximum  flow. 

Where  a  check  is  located  below  the  flume,  it  may  be  that 
during  a  period  of  small  flow  the  water  is  checJked  up  to 
about  normal  water  surface  elevation.  This  will  reduce  the 
velocity  in  the  throat  to  such  an  extent  that  no  drop  will 
occur  in  the  water  surface.  Moss  or  weed  growths  also 
have  a  tendency  to  produce  the  same  effect.  In  such  in- 
stances as  these,  this  type  of  device  is  not  practical  and 
should  not  be  used. 

Providing  it  can  be  standardized  so  that  it  is  not  neces- 
sary to  rate  each  structure,  this  device  should  prove  satis- 
factory on  projects  where  silt  conditions  are  bad,  as  the 
velocity  of  the  water  above  the  flume  does  not  affect  the 
measurement  and  there  is  no  pool  to  fill  up. 

Up-to-date  tests  on  this  type  of  device  have  been  very 
limited  and  it  is  not  known  just  how  successful  it  will  prove 
when  used  under  the  variable  conditions  found  in  farm 
deliveries. 

It  has  the  advantage  of  requiring  no  stilling  pool,  very 
little  head,  and  offers  no  obstruction  to  weeds  and  trash. 

Venturi  Meters. — Venturi  meters  have  been  used  only  to 
a  small  extent  in  measuring  irrigation  water.  They  have 
an  advantage  over  the  flume  in  that  the  area  of  the  throat 
is  constant  for  all  quantities  and  thus  only  the  drop  in 
pressure  head  from  a  point  above  the  meter  to  the  throat  is 
required. 

Recording  mechanisms  are  on  the  market  for  these  me- 
ters. These  show  the  total  flow  in  acre-feet  that  has  passed 
through  the  meter  and  do  away  with  the  necessity  of  com- 
puting the  water  records.  However,  these  mechanisms 
are  too  expensive  to  be  used  very  extensively  for  farm  in- 
stallations. The  flow  through  the  meter  in  second-feet  can, 
however,  be  obtained  by  the  reading  of  the  two  gages  as 
in  the  case  of  the  Venturi  flume. 

For  the  usual  farm  requirements  the  throat  is  so  small 
that  weeds  and  thrash  can  not  pass  through  and  it  is  diffi- 
cult to  get  weeds  out  after  they  are  once  jammed.  Thus 
unless  a  trash  rack  is  used  or  the  throat  is  sufficiently 
.large  to  pass  the  weeds,  they  are  likely  to  give  more  or  less 
trouble. 

Dethridge  Meter. — Various  other  devices  for  measuring 
water  to  the  farmer  have  been  used,  but  none  to  any  large 
extent.  Among  these  are  the  Dethridge  meter  which  has 
been  used  in  Australia.  This  device  consists  of  a  drum 
with  projecting  vanes,  mounted  on  a  shaft  and  set  in  a 
box  in  the  farm  lateral.  As  the  water  passes  through  the 
box  it  turns  the  wheels  and  the  wheel  is  calibrated  so  that 
the  number  of  revolutions  per  minute  is  equivalent  to  a 
certain  flow.  The  device  is  simple  and  gives  good  results, 
but  has  the  serious  defect  of  jamming  with  weeds.  This 
stops  the  wheel  and  will  put  the  water  over  the  ditch  banks 
unless  taken  care  of. 


Propose  Spending  $20,000,000  for  Hydro  Electric  Develop- 
ment.— A  program  for  the  expenditure  of  $20,000,000  for 
hydro  electric  developments  in  California  and  Oregon  has 
been  recommended  to  the  War  Industries  Board.  The  plan 
calls  for  the  furnishing  of  $20,000,000  provided  by  the  War 
Finances  Corporation,  the  Sims  bill  appropriation,  and  the 
electric  power  corporations  of  Superior,  Cal.  Among  the 
proposed  development  phases  are:  Addition  of  36,000  kw. 
to  the  Sierra  &  San  Francisco  Power  Co.  system  on  the 
Stanislaus  River.  Increased  storage  to  develop  25,000  ad- 
ditional kw.  on  the  Pacific  Gas  &  Electric  Co.'s  system. 
Development  at  Lake  Almanor  and  on  the  Feather  River  to 
increase  the  Great  Western  Power  Co.'s  supply  by  50  per 
cent,  or  40,000  kw.  Development  of  50,000  kw.  annually  for 
?,  years  at  Sheep  Rocks  on  the  Pitt  River.  The  construc- 
tion of  a  300,000-volt  power  line  from  the  Rogue  River  in 
Oregon  to  supply  the  city  of  San  Francisco.  The  heaviest 
power  line  now  carries  but  110,000  volts. 


Wisconsin  Cities  on  Lake  Michigan  May  Erect  Sewage 
Disposal  Plants. — It  is  reported  that  a  bill  will  be  intro- 
duced at  the  1919  session  of  the  Wisconsin  Legislature  to 
compel  cities  located  on  Lake  Michigan  or  rivers  emptying 
into  the  lake  to  install  sewage  disposal  plants. 
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Methods  of  Preventing  Freezing  of 
Riser  Pipes 

I'sfful  susgeslions  on  Uie  cure  of  riser  pipes  of  water 
tanks  during  the  winter  season  are  given  in  October  issue 
of  The  Water  Tower,  a  publication  of  the  Chicago  Bridge  & 
Iron  Worlvs.  The  following  notes  are  taken  from  the  above 
mentioned  Journal: 

The  freezing  of  riser  pipes  during  extremely  cold  weather 
can  be  prevented  by  four  means: 

1.  Providing  method  for  artiflcially  heating  the  water  in 
the    riser   pipe. 

2.  Conserving  the  heat  in  the  water  by  providing  sufficient 
insulation  to  prevent  loss  of  heat. 

3.  .Maintaining  the  temperature  of  the  water  above  freez- 
ing point  by  pumping  and  withdrawal  of  the  water. 

■J.  Adding  certain  chemicals  which  will  lower  freezing 
point. 

Frost  casings  which  are  now  almost  universally  used  and 
which  are  designed  and  approved  by  insurance  underwriters 
and  consulting  engineers,  are  only  a  partial  protection. 

Sprinkler  tanks  In  which  there  is  practically  no  circula- 
tion, require  frost  casing  and  in  addition,  means  of  supply- 
ing artiflcial  heat.     This  can  be  done  by  either — 

(aj  A  steam  coil  in  the  bottom  of  the  tank  with  the  steam 
supply  and  return  pipes  running  Inside  of  the  frost  casing 
and  next  to  the  riser  pipe. 

(b)  A  system  of  hot  water  circulation  applied  at  the  base 
of  the  riser  either  by  means  of  hot  water  heater,  which  may 
be  flred  with  gas,  oil.  or  coal,  or  by  a  special  heater  in  which 
steam  is  the  primary  source  of  heat.  In  this  type  of  heater 
cold  water  is  taken  out  at  the  base  of  the  riser,  passed 
through  the  heater  and  put  into  the  tank  through  a  2-in.  pipe. 

(c)  When  conditions  prevent  either  of  the  above  methods 
being  employed.  It  is  possible  to  inject  live  steam  into  the 
tank,  thus  keeping  the  water  in  the  tank  and  riser  warm. 

Where  there  is  only  occasional  service  from  the  tank,  and 
therefore,  intermittent  circulation,  a  more  or  less  elaborate 
frost  casing  may  be  used  to  prevent  freezing. 

In  tanks  for  municipalities,  artificial  heat  is  rarely  applied 
and  the  ordinary  type  of  frost  casing  is  depended  upon  to 
prevent  freezing.  This  is  usually  satisfactory,  because  there 
is  almost  constant  circulation  in  the  riser.  The  most  fre- 
quent practice  is  to  operate  pumps  during  the  day  to  take 
care  of  the  requirements  of  the  town  and  also  to  have  the 
tank  filled  by  evening.  At  night  the  pumps  are  not  oper- 
ated and  such  water  as  may  be  consumed  by  the  town  is 
drawn  from  the  tank.  Pipes  through  which  the  water  circu- 
lates from  the  pump  house  to  the  tank,  are  laid  well  below 
the  frost  line  in  the  warm  earth,  and  the  water  in  passing, 
even  if  it  is  drawn  from  a  cold  reservoir  or  river,  is  usually 
warmed  well  above  the  freezing  point  by  the  time  it  reaches 
the  tank  riser.  If  the  water  is  drawn  from  a  well,  the  tem- 
perature will  seldom  be  found  to  be  below  60°  F.  The  tank 
is.  therefore,  filled  with  the  water  well  above  the  freezing 
point  and  there  being  almost  constant  circulation  in  the 
riser,  there  is  little  danger  of  freezing. 

When  a  municipal  water  works  system  is  placed  in  serv- 
ice, there  is  usually  very  little  consumption  and,  therefore, 
very  little  circulation  in  the  riser.  In  such  cases  care  should 
be  taken  to  draw  off  and  pump  a  reasonable  amount  of  water 
each  day,  so  as  to  provide  what  we  call  artiflcial  circulation. 
This  can  perhaps  best  be  done  by  opening  Are  plugs  in  the 
morning  and  drawing  the  water  well  down  ad  refilling  the 
tank  during  the  day. 

In  occasional  water  system  installations  such  precautions 
are  not  taken,  with  the  result  that  during  the  extremely  cold 
weather  riser  pipes  freeze  and  the  city  is  called  upon  to 
bear  an  expense  which  could  be  prevented  with  a  little  care. 

The  same  condition  is  liable  to  arise  on  tanks  which  are 
furnished  for  private  estates,  farms  or  for  other  purposes 
where  the  water  is  only  used  intermittently.  Either  arti- 
ficial heat  must  be  provided  or  more  or  loss  rapid  circulation 
be  maintained  by  alternate  drawing  off  and  refilling  the 
tank.  This  condition  is  usually  exagi;erated  on  small  tanks 
because  the  service  pipes  are  small. 

Superintendents  of  water  works  for  iiiunlclpallties  and  en- 
gineers of  industrial  establishments  should  take  partlclar 
care  to  see  that  there  is  circulation  at  all  times  in  the  riser 


pipe  of  tanks  during  cold  spells  of  the  coming  winter.  Should 
you  be  so  unfortunate  as  to  have  the  riser  of  your  tank 
freeze  up.  you  should  take  prompt  action  to  thaw  it  out.  for 
by  so  doing  you  may  prevent  your  pipe  from  bursting. 

In  case  of  a  freezeup  the  following  method  has  been  found 
most  satisfactory  in  thawing  out.  Make  a  1-ln.  tap  in  Ih© 
foot  elbow,  and  another  one  in  the  riser  pipe  about  4  ft. 
above  the  first  opening,  then  connect  a  steam  line  from  an 
ordinary  boiler  into  the  top  hole,  turn  on  the  steam  "not 
over  lOulb.  pressure  per  square  inch"  and  in  a  short  time 
water  will  begin  to  drain  out  of  the  hole  in  the  foot  elbow; 
leave  the  steam  turned  on  until  the  water  in  the  tank  begins 
to   run   out. 

All  of  these  points  apply  equally  well  to  any  other  kind  of 
a  lank  with  a  small  riser  pipe,  instead  of  a  large  cylinder. 


Operating  Results  of  Slow  Sand  Filtration 
Plant  of  Providence,  R.  I. 

The  total  quantity  of  water  filtered  by  the  slow  sand 
filters  of  Providence,  R.  I.,  in  1917  was  7.246,650,000  gal.,  ac- 
cording to  the  last  annual  report  of  M.  H.  Bronsdon,  City 
Engineer.  This  is  an  average  of  2.157,000  gal.  per  day  for 
each  of  the  10  filters.  Each  filter  was  scraped  an  average 
of  17  times  during  the  year  and  the  average  totaF  hours  of 
service  for  each  was  8,063.9.  The  average  quantity  of  water 
filtered  between  scrapings  was  42,630,000  gal.  The  maxi- 
mum run  was  73.17  days;  the  minimum  run  6. 38  days  and 
the  average  run  19.75  days.  The  average  maximum  loss 
of  head  per  filter  was  4.13  ft.  The  monthly  averages  of 
bacteria  per  cubic  centimeter  was  as  follows: 

:4-HOVR  COUNTS   OX   STANDARD  AGAR  AT    37.3°    C. 

Per  cent 
remaining. 
After     After      Tap  in  After      ATter 
-Months.  Raw      filtra-  chlorina-  ial>ora-  tillra-  chlorina- 

water.        tlon.       tion.       tory.        tion.        tlon. 

Januar>-    85U  26  ..  ..  .SO 

Februar)-    1.350  33  ..  2  4 

-March    SOO  19  . .  '4 

-Vrril     400  10  ..  ..  2.S  '.'.' 

-May    730  14  i.s 

June    1.210  12  8  16  1.0  0  7 

July     1.560  31  12  12  2.0  0.8 

-\ufust    1.470  23  14  20  1.6  1.0 

September    1.45U  30  13  26  2.1  0.9 

1  ictober    1.670  22  8  S  1.3  0  5 

November    4,950  19  9  4  0.4  0  2 

December   3,040  19  9  3  0.6  0.3 

-Werage*    1.680  20  10  12  1.2  0  4 

-Vverage.';  represent  the  total  number  of  samples  taken. 

The  figures  .-.howing:  the  results  of  chlorination  are  for  the 
iiionth.s  of  .lune  to  Deciml'er.  inohislve. 

The  average  color  of  the  river  water  for  1917  was  43  and 
lor  filtered  water  28,  thus  giving  a  removal  of  34.9  per  cent 

33Vt  of  Urban  Population  Uses  Filtered  Water.— Filtration 
has  been  practiced  for  many  years:  first  in  England,  subse- 
quently in  Germany,  and  for  ihe  last  2,")  years  in  this  coun- 
try, the  number  of  supplies  in  the  United  States  treated  by 
filtration  having  increased  enormously  since  the  building  of 
the  Lawrence  filler  in  lS921i.y3.  .-Vt  the  present  lime  there 
are  in  this  country  about  74u  communities  supplied  with  fil- 
tered water.  In  1890  about  300,000  of  our  population  were  so 
supplied,  and  at  the  present  time  about  18,500,000.  If,  as  is 
estimated,  our  total  urban  population  is  about  50,000,000,  33 
per  cent  of  this  population  now  uses  filtered  water.  Prob- 
ably nothing  in  modern  science  has  been  of  greater  impor- 
tance in  this  country,  taken  as  a  whole,  in  overcoming  epi- 
demics or  preventable  diseases,  than  filtration.  Filtration  is. 
with  properly  constructed  and  operated  filters,  an  efllclent 
and  dependable  method  of  control  for  safety. — H.  W.  Clark, 
Director  and  Chemist  Division  of  Water  Laboratories.  Massa- 
chusetts State  Department  of  Health,  in  a  paper  presented 
recently  before  the  School  of  Public  Health.  Boston.  -Mass. 


Eight  Per  Cent  Increase  In  Cost  of  Water  Works  Opera- 
tion at  Council  Bluffs.— The  cost  of  operation  and  mainte- 
nance of  the  water  works  of  Council  Bluffs.  la.,  during  1917 
amounted  to  $62,434.  or  J52.60  per  l.OOO.UUO  gal.,  as  against 
$53,163  in  1916,  or  $48.78  per  1,000,000  gal.,  an  increase  of 
7.84  per  cent.  This  Increase,  states  the  last  annual  report 
of  Superintendent  S.  L.  Etnyre.  is  due  mainly  to  the  in- 
creased cost  and  inferior  grade  of  coal  and  to  the  increased 
cost  of  labor  and  supplies. 
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._   ,  -           .    fsr          J              WT    4-           T"         I         '  ^''-^  ^  ''^®  °^  ^^  years  while  the  life  of  a  yellow  pine  tank 

L(lie  OI     Wooden      Water      lanKS  in  as  constructed  today  wouW   probably  not   exceed   12  years. 

Tj     ji                  Corvir**^  '^'^'^  difference  in  life  can  probably  be  explained  in  the  fact 

rVrtllWay    service  ^^^^  ^l^g  trees  from  which  the  tank  mentioned  was  cut  had 

Interesting  data  on  the  life  of  wooden  tanks  were  given  jjQt  ^^een  bled  of  the  rosin  and  preservative  oils  natural  to 
by  Mr.  C.  R.  Knowles,  Superintendent  Water  Service,  Illi-  the  wood.  It  should  be  explained  that  the  life  of  2S  years 
nois  Central  R.  R.,  in  a  paper  presented  at  the  last  annual  given  the  red  cedar  tank  did  not  represent  the  extreme  life 
convention  of  the  American  Railway  Bridge  and  Building  Qf  the  timber  as  when  the  tank  was  taken  down  the  best 
Association.  In  collecting  the  information  letters  of  in-  pf  the  timber  was  used  in  the  construction  of  a  smaller 
quiry  were  sent  to  45  railroads  and  27  answers  were  re-  tank  which  is  still  in  use.  The  original  tank  was  con- 
ceived, structed  in  1870.  which  makes  the  timber  in  the  smaller  tank 

While  much  valuable  information  was  obtained  from  the  4g  years  old. 

replies,   the   figures   and   estimates   given   as   to   the   life   of  j^  the  letters  received  many  records  were  given  showing 

tanks  were  almost  as  many  as  the  replies  received.  a  life  of  only  10  to  15  years  for  cypress,  white  pine  and  red- 

The  variation  in  the  figures  submitted  on  the  life  of  tim-  wood  tanks.     This  was  unfair  to  the  timbers  mentioned  as 

ber  on  various  railroads  goes  to  show  that  no  accurate  esti-  the  short  life  obtained  was  undoubtedly  due  to  poor  selec- 

mate  may  be  made  on  the  life  of  tank  timber  that  will  apply  tion  of  timber,  poor  construction,  the  tank  not  being  kept 

to  all  sections  of  the  country.     It  is  characteristic  of  tim-  flUed  with  water  or  some  one  or  more  of  a  number  of  faults 

ber  that  it  is  more  durable  when  used  in  the  region  in  which  jhat  would  cause  early  decay, 

it  is   grown   than   when   used   elsewhere,   for   nature   seems  

::nf  whe?it  1:^^  i:^rr:^%^  "  ^  '^""''^  '''  cost  of  water  Mam  Construction  at 

One  railroad  reported  77  redwood  tanks  m  service  in  Call-  Pasadena,  Cal. 

fornia  ranging  from  26  to  48  years  old^  while  another  road  ^^^  following  table  from  the  report  of  Water  Department 
reported  redwood  tanks  renewed  in  ^Msconsin  after  only  ^^  p^gadena  tor  the  year  ending  June  30,  1918,  shows  the 
15  years  of  service.  Twelve  white  pine  are  reported  in  ^^^^  ^^^^  ^^  ^^^^  .^^^  ^^.^  construction  by  fiscal  years 
service  in  Michigan,  with  an  average  life  of  3o.4  years,  while  ^^^^  ^.^^  estimate  at  present  prices: 
it  has  been  necessary  to  replace  white  pine  tanks  in  Mis- 
souri after  12  to  13  years.  A  Texas  road  reports  cypress  S  '  "-osts  , 
tanks  in  service  as  follows ;  |3  c                                                          ^ 

5  tanks  31  years  old.  >.^       %                                         n             g 

S  tanks  30  years  old,                                             ■  ^^        ci                y                           Z             s              ■ 

3  tanks  29  years  old,  g-             .            o             o             a;              t.             a 

while  several  eastern  roads  fix  the  maximum  life  of  cypress  Eg      z2          J          <          I           o          H 

„t   oE   vpars  4"  class  "B" 1914     15,713     $0,222     $0,012     $0,487     $0,059     $0,780 

Table  I  shows  the  life  of  310  tanks,  184  of  which  are  still  \-^\l    ^^;^j|       -^H       -^^^       -^f^       -^^^       -j^l 

in  service,  and  126   of  which   have  been  relieved.     In  pre-  1917    14,670       .267        .015       .477       .058       .817 

paring   this    tabulation   only    figures    were   used   where   the         Average    .      SO.ST!       .Ist        017       •.496       ".073        840 

definite  life  of  the  tank  was  given.  Present   prices 340        .026      1.048        .141      1.555 

T,,RTFT  6"    class    "B" 1914     19,878         .257         .017         .678         .076       1.028 

i.\tiui^  1.  j(,j5       g  ggj          35g          Q3j^          ggj          Qg.j       J  J52 

Average   Life  of  184  Tanks  in  Service.  1916    12,546        .296        .022        .610        .117      1.045 

T.^:^T^■^•r^r.r^  1917      11,636           .252           .015           .673           .071         1.011 

REDWOUU.  ;tgj3       9  247         .333         .029       1.120         .148       1.630 

Railroad  "A"    77  tanks    Average  life  32.6  years  Averag-e    59,998         .287         .021         .730         .097       1.135 

CYPRESS.  Present   prices 377         .030       1.548         .196       2.151 

Railroad  "B"    29  tanks    Average  life  28.3  years  8"  class  "B" 1914     11,955         .323         .018       1.042         .107       1.490 

Ra   road  "C"    25  tanks    Avera|e  lite  25      years  1915       1.622         .374         .031       1.063         .135       1.603 

ganroad  -D''    '3  tanks    Averafe  life  32      ^ears  1916       2.748         .478         .021         .829         .171       1.499 

■nrTJTTIT'    T>TfJ17'  l''!'        7.323          .419          .024        1.010          .110        1.563 

WMiah.  PIMJ!..  jgjj,       ^j-^          jgg          Q27       1.617         .203       2.237 

Railroad  "A"    24  tanks    Average  life  29.7  years  Average     25.422         .375         .022       1.051         .123       1.571 

Railroad  "E"    12  tanks    Average  life  35.4  years  Present    prices 442         .032       2.208         .268       2.950 

Railroad  "F"      4  tanks    Average  life  29      years  in"  ^in=o   "R" TnTl 9^41  ^S^  Ofifi       Vmn  m       Tsol 

Seven   Railroads    184  tanks    Average  life  30  years  "•     class      B    1014       3.541         .385         .006       1.^90         .123       1.S04 

Averaae   Life  of  106  Tanks   Relieved.  1M7        '749        .494        1033      1.413        .147      2.087 

Average   l-itc  01    luo    larms   nci  c   cu  Average    6.121        .409        .016      1.299        .136       1.860 

CYPRESS.  Present    prices 604         .036       2.960         .360       3.960 

Railroad  "B"    24  tanks    Average  life  27.3  years  12"  class  "B" 1914       8.688         .410         .024       1.600         .180       2.214 

Railroad  "G"    16  tanks    Average  lite  30      years  I917       1,674         .643         .056       1.953         .195       2.847 

Railroad  "D"      3  tanks    Average  life  32      years  Average     10,262         .448         .028       1.658         .183       2.317 

—  —  Present    prices 729         .040       3.820         .459       5.048 

■iS  29      years  14"  class  •'B" 1916       1,200         .568         .032       1.834         .291       2.725 

WHITE   PINE.  Present    prices 793         .044       4.760         .560       6.157 

5^?]™''?  ;■.§.■.'    T'  '''"^^    Average  life  27.5  years  20"  class  "A" 1915       3^53         ?fSl         ^61       2?i32         ^15       37889 

Railroad  "B      22  tanks    Average  life  25.8  years  Present    prices 974         .074       6.970         .802       8.820 

Railroad    "I"    14  tanks    Average  life  23      years  „,„     , n^r^ tt:^ 5-55S TS™ 5si S^tIo r«I sTst" 

Railroad  "F"      4  tanks    Average  life  29      years  24"  class  '  B    191,       2.266       1.870         .251       5.742         .594       8.457 

Railroad  "D"      3  tanks  Average  life  33      years  Present    prices..    ....... ..       2.338          304     10.830       1.347     14.819 

Railroad  "E"      X  tanks    Average  lite  38.3  years  -"^11    unit    prices    include    removal    and    replacement    of    street 

Railroad  •'C"      5  tanks    Average  life  27      years  pavement.  

78                Average  life  27      years  Cost  of  Chemicals  for  Water  Treatment  at  Council   Bluffs, 

Railroad  -C-^^^knls    Avfr^ge'^lite  30     years  la.-The   average   cost   of   chemicals   for   water  treatment  at 

RED  CEDAR.  Council  Bluffs.  la.,  in  1917  was  $4.16  per  1,000.000  gal.  tested, 

Railroad  "C'     1  tank     Average  life  28     years  according   to    the    last   annual   report   of   Jos.     B.     Thornell, 

YELLOW  PINE.          ^  Chemist  of  the  Purification  plant.     The  total  pumpage  was 

Ei-M  RaUi'oads    126'"tanks    Average  life  2ryelrs  1.186,870.000  gal.:   256.800  lb.  of  alum  or  1.5  grains  per  gal.; 

It  will  be  noted  that  the  white  pine  tanks  show  a  higher  145.750  lb.  of  hydrated  lime  or  0.9  grain  per  gal.  and  2.691 

average  life  than  the  cvpress  tanks  in  the  table  of  tanks  lb.  of  chlorine  or  36.3  oz.  per  1.000.000  gal.  were  used.     The 

still  In   service  while  the   opposite   is  true  in  the   table  of  alum  cost  $14.25  per  1.000  lb.,  chlorine  15  ct.  per  Pound  and 

tanks   relieved.     This   may   be   explained   by  the   fact  that  lime  $4.85  per  1,000  lb.  in  January  and  February.  $5.35  from 

cvpress  tanks  were  not  used  as  extensively  as  white  pine  March  to  August   and   $6.55   from   September  to   December. 

tanks  up   to  20  years  or  so  ago.   and  on  the  roads  shown  The  above  prices  include  freight. 

there  are  probably  many  white  pine  tanks  which  were  In  „,,,-,,     ^         ,        j  .     ,<•»        t.v 

use  before  cypress  tanks  were  constructed,  although  there  Denver  Water  Plant  Forma  My  Transferred  to  Cty.-The 

is  apparently  verv  little  difference  in  the  durability  of  the  Plant  of  the  Denver  Union  Water  Co.  was  formally  trans- 

:               ^      '          '  terred  to  the  citv  and  county  of  Denver,  Colo.,  on  Nov.  1. 

two    woods.  .  .'  »iono.Tc.oe 

It  is  Interesting  to  note  that  a  yellow  pine  tank  is  shown  The  purchase  price  was  $13,922,836. 
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CrmtioliHtltiMn     nf    Sliwld^     H>i  H     Ht^-  ""'"'*■    ^^    reduced  to  a  manaReable  condition  by   its  own 

^-iUllM^llUdlllill     i.)l     ^lUUye     as  a     LJK:  pressure.  It  Is  not  so  clear  that  this  method  will  be  applica- 

Waterin^   JVIethod  ''''^  '"  '"^"*''''*''  sludge.     such  a  sludge  iB  notoriously  floe- 

^  culent  und  contains  a  very  large  percentage  of  water. 

.Many  methocU  have  hci-n  eiiiiilu>  fd  fdi-  dewaterlug  sludge  

— air  drying,  drying  by  heat,  rernieiitatlon  with  yeast,  filter 

pres.sing.    and    draining    on    prepared    beds.      Another    solu  Improvement     of     3      Hydrogen      .Sulphide 

tion  of  this  problem  is  suggested  by  M-"^  Arthur  J.  Martin.  vVatef  by  AcratioH  and  Lime  Treatment 

M.   Inst.  t.  E..  in  the  Oct.  2o  issue  of  The  Surveyor.    His  •' 

solution   was  developed  from  ob.servallons  made  in  connec-  A  saniiarium  water  supply,  objectionable  by  reason  of  Its 

tlon  with  the  septic  tank  laid  down  at  Bellelslc,  Kxeter,  In  hydrogen   sulphide    content   and    high    hardness,    wa.s    made 

isyti.     In  this  tank  the  sludge  was  purposely  left  to  accumu-  palatable   at   a   trifling   cost   by   aeration.     The   experiment 

late    for    several    years,    and    by    December,    190U,     It     had  ^^as  carried  out  by  the  Bureau  of  Sanitary  Engineering  of 

reached  a  depth  of  about   4   ft.     Samples   were  then  taken  'he  California   Board  of  Health  and  is  described  by  Mr.  C. 

from   the   top.    the    middle   and   the   bottom   of   the   deposit.  (J-  Gillespie.  Director  of  the  Bureau,  in  the  Monthly  Bulle- 

These  samples  showed  a  water  content  of  88.8.  83.9  and  80  'in  of  the  Board. 

per  cent,  respectively,  the  percentage  of  water  diminish-  The  supply  Is  obtained  from  a  110-ft.  drilled  well.  It  Is 
ing  progressively  from  the  surface  to  the  bottom.  Mr.  pumped  at  the  well  through  several  hundred  feet  of  gal- 
Martin  stated  that  there  can  be  little  doubt  that  the  com-  vanlzed  and  cast-iron  pipe  to  a  5.000-gal.  tank.  From  this 
parative  dryness  of  the  lower  portion  of  the  sludge  was  point  the  water  is  again  pumped  to  a  15.000-gal.  tank  on  a 
due  to  the  squeezing  out  of  the  water  by  the  weight  of  the  hill  back  of  the  sanitarium.  This  latter  tank  serves  as  the 
superincumbent  mass,  each  particle  of  which  exercised  on  distributing  and  pressure  reservoir  for  the  institution.  Gal- 
those  below  a  partial  pressure  due  to  the  difference  be-  vanlzed  pipe  is  used  as  the  distributing  system, 
tween  its  own  weight  and  that  of  the  liquid  which  it  dis-  Chemical  examination  of  the  water  directly  from  the 
placed.  ^^ell  showed  a  low  organic  content,  but  highly  mineralized 

The  observation   above   recorded   has   been   confirmed   by  with  20.0  parts  per  million  of  hyrogen  sulphide  present.   The 

experience  at   several  other  works.     A   large   proportion  of  mineral   analysis   figured   to  hypothetical  combination   gave 

the  suspended  matter  which  many  tank  effluents  contain  is  the  following  results: 

derived   from  the  sludge  banked  near  the  outlets,  portions      Caliium  carbonate  iCaCOj) 110 

of   which  are  periodically   lifted   to  the  surface   by  the  gas      sodlum'sulphat^tN^^Jo'f''^'''   ■; 222 

generated   therein.     With  a  view  to  obtaining  a  tank  efflu-  -^ciium  chloride  iSaCli. '.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.  848 

ent  as  free  as  possible  from  suspended  matter.  Mr.  Martin      ^ron    0 

has   been   in  the  habit  of  laying  at  the  outlet  ends  of  the         "      ' ' '; ■"■ ' ' 

floors  of  his  tanks  a  pipe,  having  a  slot  extending  the  whole  -Magnesium  carbonate,  sodium  sulphate  and  sod.um 
width  of  the  tank,  through  which  the  sludge  under  the  out-  chloride  are  the  predominating  salts  in  the  water.  Hydro- 
lets  for  efHuent  might  be  forced  out  by  the  pressure  of  the  gen  sulphide  (H,S)  is  also  present  in  large  quantit.v  and 
sewage.  Where  these  slotted  pipes  were  regularly  used,  ^^o"'''  "'"ke  this  water  unpalatable  and  highly  discolored 
they  worked  freely,  and  the  floors  near  the  outlets  were  ^'^^  '°  'he  action  of  the  hydrogen  sulphide  on  the  water 
kept   comparativelv   clean;    but   where,   as   not   infrequently  P'P^- 

happened,    thev    were    neglected,    the    sludge    accumulated.  Samples  taken  at  different  parts  of  the  system  showed  a 

and   often   became   so   dense   that    when    the    valves    were  erBdMa\  increase  of  iron  from  zero  at  the  well  to  0.6  parts 

opened  to  draw  it  off,  it  would  not  budge.  P^"-  .'"i"'""  ^\  t^e  tap  in  the  hospital.     Zinc  was  also  pres- 

,         .J      ,         . ,       .,  ent  in  a  sample  taken  at  the  hospital.    The  presence  of  both 

At    Andover   there    were    three   tanks    side   by   side    the  j^^^  ^^^  ^,^^  ,^  ^^^  ^.^,^^  indicated  that  the  hvdrogen  sul- 

cleansing  pipes  from  all  three  being  led  into  a  valve  cham-  ^^.^^  attacking  the  pipe  line.     Inspection  of  a  portion 

ber  by  the  side  of  one  of  the  outermost.     These  P>Pfs  J^fre  ^^  ,,^^  galvanized   pipe  showed  the  zinc  coating  practlcallv 

left  for  some  considerable  time  unused.     W  hen  at  last  the  {jjgsoived  off 

valves    were    opened,    the    sludge    from     the     nearest    tank  ^^^  precipitated  Iron  and  sulphur  in  the  water  Imparted 

flowed  freely,  but  that  from  the  others    which  had  several  ^  ^.^^^  ^^^^.^^^  ^^,^^  ^^^  turbidltv  to  the  supplv  and  made 

yards  of  pipe  to  pass  through,  absolutely  refused  to  move.  ^^^  ^,^^^^  repellent  to  those  who  had  to  drink  it.     The  ex- 

At   length,   by   dint   of   rodding.   the   pipes   were   freed,   and  ^^^^^   hardness   of  the  water   was   also  objected   to  on-  ac- 

(he  sludge  began  to  come  out  very  slowly  in  a  dense  cylin-  ^^^^^  ^^  ^^^  difflcultv  in  obtaining  a  lather  with  soap.    Lab- 

drical  core.     The  percentage  of  inoisture  was  un  ortunately  ^^^^^^^.   experiments"  were   made   to   remove   both   of   these 

not   noted,  but   it   was  undoubtedly  very  low.     At   Andover.  objectionable  features. 

as  at  Kxeter,  the  sludge  was  old  and  well  mineralized    the  deration  proved  to  be  satisfactory  In  the  removal  of  the 

loss   on   ignition   in   the   latter   case  ranging  from   Z.    to  31  ^j.^       ^j^^le  hvdrogen  sulphide  odor,  while  the  addition  of 

per  cent  of  the  dried  solid.     It  would  not  as  a  rule  be  con-  ^   ^^    ^^  ^^           ^^^^   ^.^^    ^^^^^  TemovHl  of  the   hydrogen 

venlent    to   keep   the   sludge   in    the    tanks   so    long,   and    a  ^^,  ^j^g               ^  ,,.3,„  ,„^.   j^  hardness   and   agreeable  to 

fresher  sludge   might   not   consolidate  quite   so  readily    but  ^,^^  ^^^^^^      ^^  ^^^  p^.^^^^^  ^.^^^_.  ^^^^^^.  ^^^  ^^^  ^.^^  ^^^^ 

any   sludge   which   will   settle  at   all   must   be   heavier  than  ^^^j^^^,              ^^  ^  permanent   supplv,  no  recommendations 

water,   and    will   therefore   exert   a   partial    pressure   which,  ^^.^^^  ^^^^  ^^  ^^^^^^  ^^^  ^.^^^^      ^^  ^^^^^.^  ,^^  objection- 

though  small  In  a  shallow  layer,  will  in  a  deep  column  be  ^^^^  ^^^^   however,  an  overhead  splash  platform  with  cas- 

very  considerable.  p^^j^    pffpft    ^as    recommended    and    subsequently    built    at 

These   observations   suggest   that   an   appreciable   propor-  ^^^^   ^^^^^      ^^^^^  ^   ^^,^^^.^  operation    with   this   aerating 

tion  of  the  water  contained  In  sludge  may  be  bes    and  most  ^^^^.^^^    ^^^^^   ^^.^^^   ^^^^  ^^  determine   Its   effectiveness   In 

economlrally   removed    by    running   or   pumping   the   sludge  ^       ,^^  hvdrogen  sulphide.     The  results  were  as  fol- 

into  a  shaft  of  the  necessary  height,  provided  at  the  base  ^^ 

with  doors  through  which  the  compacted   material  may  be  ^^  ^      ^^^^              ^^^^ 

forced    out    by    the    weight    of    the    superincumbent    mass.      weiis  at  pump 2o"d       0.0    Very  stroni;  UsS. 

After  a  few  days  in  such  a  shaft,  the  lower  portion  of  any  '"i^pVatron"".''.".  .*"."*!. .!*f!*^.""!      2.7       0.2    Distinct  H,S. 

ordinary    sludge    should    have    parted    with    enough    of    Its  y^p   („    gnnitarliirn' (after  "second 

water  to  be  readily  handled  with  a  spade.     If  for  any  reason         nrrntlon)    n.O       o.l    No  odor. 

It  Is  desired  to  dry  It  still  further,  a  platform  for  the  pur- 

pose  may  be  arranged  at  the  base  of  the  shaft.  Industrial    Power    Plants   Save   3.500.000   Tons   of   Coal.— 

The  use  of  heat  at  this  stage  will  probably  not  be  econom-  Industrial  power  plants  which  have  adopted   the  conserva- 

leal    beTter  results   being  obtained   by   blowing   air  through  tion  recommendations  »    the j^uel  Adm.nls  ration  are  estl- 

uai.   ueiiri    11.  un.          js                                     j„.i„„   _,„..   ho  mated   to  have   saved   3.500,000  tons   of  coal   in  the  past   6 

the    sludge,    whereby   the    process    of    air    drying   mav    be  ^^^^^^^^      ^^^^  ^^^^^^  ^^^^^^^^  ^  ^^^,  ^^^.,_^^  ^^  ^^^^  ^^  ^^ 

*""MrMartin  concludes  that   while  It  Is  practically  certain  I-r  cent,   while   the  average  saving  was  reported  as   from 

That  the  sludge  obtained  bv  any  of  the  older  processes  can  '"'  to  l.>  per  cent. 
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Advantages  and  Disadvantages  of 
the  Storage  of  Water* 

By  MELVILLE  C.  WHIPPLE. 
Purification  by  Sedimentation. — When  running  water  is 
arrested  in  its  flow  tlie  force  of  gravity  immediately  exerts 
a  greater  influence  toward  purification.  The  term  "purifica- 
tion" is  used  here  to  include  the  removal  of  any  substances 
which  detract  from  wholesome  or  attractive  properties. 
Gravity  tends  to  carry  downward  the  suspended  particles. 
A  lake,  pond  or  artificial  reservoir  is  a  large  sedimentation 
basin  and  in  it  are  precipitated  injurious  substances.  The 
amount  of  material  brought  to  the  basin  is  often  very  large, 
as  in  the  case  of  streams  which  carry  much  clay.  The 
Ashokan  Reservoir  in  the  Catskills  receives  in  floodtime  the 
'  water  of  streams  which  run  red  with  clay  material,  and  yet 
the  water  discharged  at  the  gate-house  contains  only  a  trace 
of  the  amount  found  at  the  head  of  the  reservoir.  Larger 
particles  settle  more  rapidly  than  small  ones.  Microscopical 
bodies  like  the  bacteria  settle  slowly,  but  in  the  presence  of 
larger  particles  many  of  them  are  carried  down.  The  longer 
the  water  is  retained  the  greater  will  be  the  efficiency  of 
sedimentation.  In  bodies  of  water  like  the  Great  Lakes, 
■where  long  storage  exists,  there  remains  no  visible  trace 
of  all  the  suspended  matter  that  enters.  In  large  bodies  of 
water  there  are  disturbing  influences  which  combat  sedi- 
mentation. Wind  and  wave  action  in  shallow  depths  carries 
to  the  surface  material  already  precipitated,  but  this  action 
is  spasmodic  and  the  net  effect  registers  a  great  improve- 
ment. 

Reduction  of  Color. — Decolorization  is  another  process 
which  goes  on  with  advantage  in  stored  waters.  A  great 
reduction  in  the  color  of  such  waters  occurs  after  storage 
for  several  weeks  or  months.  In  the  Hobbs  Brook  Reservoir, 
supplying  a  portion  of  Cambridge  water,  the  color  at  the 
upper  end  averaged  75  on  the  platinum  scale  during  1916, 
while  that  at  the  lower  end  averaged  IS.  In  the  Wachusett 
Reservoir  of  the  Metropolitan  system  the  reduction  was  from 
36  to  17.  Various  causes  contribute  to  this  improvement. 
At  the  surface  the  bleaching  action  of  sunlight  causes  a 
decomposition  of  the  coloring  matter.  Experiments  have 
shown  a  reduction  of  about  50  per  cent  in  a  month.  Below 
a  depth  of  5  ft.  the  action  is  not  appreciable  owing  to  exclu- 
sion 'of  light.  Oxidation  by  beneficent  forms  of  bacteria  also 
plays  a  role;  but  the  greatest  factor  of  all  is  probably  due 
to  a  neutralization  of  electric  charges  carried  by  the  color 
particles.  This  results  in  their  coming  together  to  form 
particles  large  enough  to  settle  out.  The  last  phenomenon 
is  as  yet  imperfectly  understood.  The  total  effect  of  all 
the  forces  operating  to  bring  about  decolorization  is  that 
water  which  was  unattractive  to  sight  and  taste  undergoes 
such  an  Improvement  in  quality  as  to  be  available  for  use. 
Equalizing  Effect  on  Quality  of  Water. — Another  factor 
operating  strongly  for  purification  in  large  basins  is  the 
equalizing  effect  on  the  quality  of  the  water.  This  involves 
no  other  action  than  that  of  simple  mixing.  Analyses,  both 
chemical  and  bacteriological,  of  the  water  entering  reser- 
voirs will  show  that  the  quality  varies  at  different  times, 
sometimes  in  a  striking  degree.  If  it  was  not  for  this  fact 
there  could  be  no  equalization  of  quality;  but  inasmuch  as 
the  water  is  sometimes  worse  than  others,  If  a  long  period 
of  storage  is  provided  there  is  a  mixing  of  good  and  bad 
water  which  smooths  down  fluctuations  in  the  quality  of  the 
incoming  streams.  The  effect  is  the  same  as  dilution. 
Equalization  is  of  special  significance  when  taken  In  connec- 
tion with  the  hygienic  or  bacterial  quality  of  water.  It  is 
undoubtedly  true  that  the  germs  of  water-borne  diseases, 
such  as  typhoid,  cholera  and  dysentery,  are  not  uniformly 
present  at  all  times  even  in  sewage-polluted  waters  where 
the  colon  bacillus  of  the  intestine  is  constantly  found.  At- 
tempts to  isolate  the  typhus  bacillus,  for  instance,  are  not 
always  successful  when  heavily  polluted  waters  are  exam- 
ined. Infection  of  water,  then,  occurs  with  fluctuations  in 
intensity.  Thisjbeing  so,  it  Is  easy  to  see  that  there  is  much 
greater  danger  from  the  epidemiological  standpoint  of  sup- 
plying to  a  filter,  or  directly  to  a  city,  a  polluted  water  -which 

♦■From   paper   presented    before    the    School    of    Public   Health, 
Boston. 


has  not  been  stored.  A  heavy  dose  of  infective  material 
may  be  encountered  at  intervals  when  it  is  not  expected,  if 
storage  is  not  made  use  of. 

Destruction  of  Bacteria. — It  used  to  be  thought  that  the 
only  factor  operating  during  storage  to  remove  bacteria  was 
that  of  sedimentation.  We  now  know  that  by  far  the  greater 
action  is  due  to  certain  "devitalizing"  processes  now  going 
on  naturally,  which  result  in  the  final  extermination  of  dis- 
ease-producing microbes.  In  temperate  climates  the  typhoid 
bacillus  is  more  often  the  cause  of  water-borne  epidemics 
than  any  other  organism,  and  for  this  reason  it  has  been  the 
subject  of  many  lines  of  research  study.  Much  is  now  known 
concerning  its  length  of  life  in  water,  the  effect  of  tempera- 
ture upon  the  rate  of  destruction  and  various  other  matters. 
The  researches  of  Dr.  A.  C.  Houston,  of  the  London  Metro- 
politan Water  Board,  have  probably  been  the  most  exhaus- 
tive along  these  lines  and  likewise  as  well  recelyed  as  any. 
The  question  of  the  influence  of  storage  upon  the  quality  of 
water  has  long  been  an  important  one  to  the  city  of  London, 
as  most  of  its  water  is  derived  from  the  Thames  and  other 
polluted  rivers,  the  water  being  stored  in  large  basins  for  a 
period  of  about  15  days  and  then  filtered. 

Very  complete  tests  were  also  made  by  Dr.  Houston  to 
determine  the  effect  of  temperature  upon  the  death  of  ty- 
phoid bacilli  in  water.  His  findings  were  directly  opposed 
to  some  of  the  earlier  work  but  are  now  generally  accepted. 
They  indicate  that  temperature  is  an  important  factor  and 
that  the  vitality  of  the  bacillus  persists  longer  with  lowering 
temperature. 

The  results  indicate  that  the  life  of  the  typhoid  bacillus 
is  longer  in  the  cold  months  of  winter  and  early  spring.  At 
this  time  any  dejecta  from  patients,  if  it  is  thrown  on  the 
ground,  has  its  best  chance  of  reaching  the  consumer.  Cold 
weather  protects  the  bacteria  and  the  melting  snows  and 
rain  hurry  them  along  on  their  journey.  On  the  other  hand, 
the  greatest  number  of  typhoid  cases  occur  in  the  late  sum- 
mer and  fall.  At  that  time  the  stream  flow  is  less  and  the 
temperature  is  nearer  the  average  for  the  year,  or  possibly 
higher,  and  so  the  typhoid  microbes  have  a  precarious  time. 
Other  forms  of  bacteria,  except  some  common  soil  and  water 
forms,  are  also  found  to  decrease  rapidly  in  stored  water, 
but  the  disease  bacteria  and  strictly  body  forms,  like  bacillus 
coli,  show  a  greater  rate  of  decrease.  It  is  apparent  from 
the  work  of  Houston  and  others  that  storage  provides  a  great 
protective  barrier  for  the  consumer  against  the  germs  of 
water-borne  diseases.  The  use  of  small  basins  is  an  aid  in 
this  direction,  although  several  weeks'  storage  is  necessary 
to  the  absolute  destruction  of  disease-producing  bacteria. 

Disadvantage  of  Storage. — Among  the  disadvantages  of 
storage  is  one  that  arises  in  connection  with  color.  In  all 
ponds  and  large  bodies  of  water  there  are  three  zones 
marked  by  differences  in  temperature.  Assuming  a  depth 
of  50  to  100  ft.,  we  find  from  April  to  October  in  the  upper 
15  to  25  ft.  water  of  uniform  temperature  which  is  in  active 
circulation  both  horizontally  and  vertically.  Below  this  for 
perhaps  15  ft.  is  a  zone  where  the  temperature  drops  rap- 
idly, sometimes  10°  in  a  foot.  The  movement  of  water  is  in 
the  opposite  direction  to  the  zone  above.  Finally  below  this 
middle,  or  transition  zone,  is  one  where  there  is  almost  no 
movement  of  water.  This  is  the  only  portion  of  a  reservoir 
which  may  be  said  to  afford  stagnant  water.  Everywhere 
else  the  w-ater  is  in  circulation.  If  it  is  necessary  to  use 
water  from  this  zone  it  will  be  found  to  have  a  color  consid- 
erably higher  than  the  surface,  and  this  color  may  tem- 
porarily increase  upon  exposure  to  air.  It  is  due  to  soluble 
organic  matter  in  combination  with  iron  which  has  been 
taken  up  from  the  slime  and  soil  at  the  bottom.  -When  the 
iron  becomes  oxidized  upon  exposure  to  the  air  it  settles 
out  and  carries  much  of  the  color  with  it.  To  a  considerable 
degree  this  trouble  may  be  obviated,  for  a  few  years  at 
least,  by  removing  all  the  vegetation,  roots  and  mucky  soil 
from  the  land  which  is  to  be  covered  with  water.  The  pro- 
cedure is  expensive,  costing  over  $2,000,000  for  the  Wachusett 
Reservoir.  When  the  Ashokan  Reservoir  was  built  subse- 
quently the  benefits  were  not  deemed  commensurate  with 
the  cost,  and  no  soil  stripping  was  done,  although  roots  were 
grubbed  out  near  the  flow  line  of  the  reservoir.  Experience 
to  date  ■^\ith  this  reservoir  has  justified  the  procedure. 

Dangers    from    Stored    Waters. — Aside    from    the    trouble 
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caused  by  growths,  which  after  all  are  "minor  horrors," 
there  are  at  times  positive  dangers  from  stored  water.s 
When  we  divide  the  capacity  of  a  lake,  pond  or  reservoir 
by  the  amount  of  water  taken  from  ll  each  day  a  figure  is 
obtained  which  represents  the  nominal  period  of  retention 
in  that  basin.  It  Is  not  correct  to  assume  from  this  that 
all  the  water  entering  is  confined  for  that  period.  Mixing 
Is  not  as  thorough  and  complete  as  this,  except  in  shallow 
basins.  1  have  already  mentioned  the  zone  of  colder,  quiet 
water  which  lies  at  the  bottom  from  about  April  to  October. 
There  is  a  similar  although  less  pronounced  condition  in 
the  cold  winter  months,  when  the  bottom  layer  is  slightly 
warmer  thati  the  top.  Water  which  enters  a  reservoir 
stratified  in  this  manner  does  not  mix  well  with  the  quiet 
water  but  tends  to  flow  over  it.  The  period  of  storage  is 
thus  shortened  and  the  time  for  purification  lessened  by 
that  amount.  Polluted  water  entering  the  basin  reaches  the 
outlet  sooner  than  it  would  if  the  temperature  was  uniform 
irom  top  to  bottom.  Jlixing  would  then  be  more  thoroughly 
accomplished.  The  general  shape  of  the  shore  line  and 
the  location  of  the  outlet  sometimes  afford  another  element 
of  danger,  and  give  rise  to  "short  circuits."  There  may  be 
a  direct  line  of  flow  from  the  inlet  to  the  outlet  which  does 
make  use  of  the  total  storage  available  by  reason  of  bays 
and  coves  where  the  water  does  not  mix.  The  ideal  ar- 
rangement is  one  which  makes  use  of  projecting  portions 
of  a  shore  line  to  cause  the  water  flowing  through  the  basin 
to  pursue  an  irregular  course.  The  effect  is  the  same  as 
Interposing  baflles  in  a  small  basin.  Mixing  is  much  more 
complete.  A  direct  line  of  flow  may  be  necessary  with  reg- 
ular shore  lines  and  also  prove  perfectly  satisfactory  under 
usual  conditions.  It  may  not  afford  protection  under  un- 
usual conditions.  A  high  wind  for  several  hours  or  days 
may  blow  straight  toward  the  outlet  and  set  up  a  rapid 
movement  of  the  water  in  that  direction,  or  a  sudden  freshet 
in  the  spring  may  bring  in  a  lot  of  warm  water.  It  has 
been  observed  many  times  that  this  warm  water  does  not 
mix  readily  with  the  cold  water  already  in  the  basin  be- 
cause it  Is  not  as  dense.  Instead  it  spreads  out  in  a  sheet 
over  the  top  of  it.  If  this  incoming  water  carries  with  it 
the  microbes,  say,  of  typhoid  fever,  little  time  is  given  in 
the  reservoir  for  their  destruction,  and  they  may  persist 
in  the  water  leaving  the  reservoir.  The  combination  of 
freshet,  wind  and  pollution  may  break  down  the  protective 
barrier  of  any  storage  basin. 

Conclusions. — In  conclusion  it  may  be  fairly  said  that  the 
storage  of  surface  water  affords  a  very  effectual  means  for 
^feguarding  their  hygienic  quality.  The  dangers  arising 
from  the  use  of  impounded  water  supplies  come  from  in- 
ability to  make  use  of  a  proper  period  of  storage  under  some 
unusual  conditions,  and  not  from  the  failure  of  the  natural 
processes  of  purification  to  be  carried  on.  The  use  of  stored 
waters  is  also  attended  by  certain  disadvantages,  chiefly 
a  temporary  increase  of  color,  and  the  production  of  tastes 
and  odors  from  the  growth  of  microscopic  organisms.  Thesp 
are  overcome  in  large  measure  if  artificial  means  of  purifi- 
cation are  later  employed,  such  as  filtration.  The  benefits 
and  advantages  which  accrue  from  storage,  on  the  other 
hand,  are  numerous  and  pronounced  In  their  effect.  Most 
important  of  these  Is  the  reduction  in  the  numbers  of  nearly 
all  forms  of  bacteria',  and  especially  of  those  forms  found 
normally  or  occasionally  In  the  human  and  animal  body. 
Water  is  not  a  favorable  environment  for  the  existence  of 
any  of  these.  Research  has  shown  that  the  disease-produc- 
ing bacteria,  like  the  typhoid  bacillus,  succumbs  In  a  very 
few  weeks  at  the  longest.  Storage  also  Improves  the  physical 
properties  of  water  by  allowing  the  precipitation  of  sedi- 
ment and  the  removal  of  coloring  matter,  changes  which 
render  It  more  attractive  for  human  consumption.  The 
equalizing  effect  of  large  storage  basins  is  likewise  of  great 
Importance. 


War  Emergency  and  Reconstruction  Conference. — A  war 
emergfMcy  and  reconstruction  conference  wHl  be  held  at 
Atlantic  City.  X.  J..  Dec.  4.  5  and  6.  under  the  auspices  of 
the  Chamber  of  Commerce  of  the  I'nltod  States.  The  meet- 
ing will  bring  together  from  2.000  to  3,000  industrial  leaders 
to  discuss  problems  that  have  arisen  with  the  war. 


Service  Connections  to  Concrete 
Water  Mains 

A  simple  method  of  making  .service  connections  to  rein- 
forced concrete  distribution  mains  is  described  in  a  recent 
bulletin,  "Concrete  In  Architecture  and  Engineering,"  pub- 
lished by  the  Portland  Cement  Association.  In  making  the 
connection  regular  stock  pipe  fittings  are  used.  No  tapping 
machine  is  required  and  for  that  reason  excavation  need 
be  carried  only  to  the  top  of  the  main.  In  the  accompany- 
ing sketch  A  is  a  steel  stem;  B.  brass  packing  nut;  C,  malle- 
able  iron   cap;    D,   malleable   Iron   tee;    E,   close   nipple;    F, 


Sketch     Showing 


Service     Connection     for 
Pressure  Pipe. 


Reinforced     Concrete 


malleable  iron  bushing;  faced,  I.  S.  Thr'd  L.  H  ,  O.  S.  Thrd 
R.  H.;  G,  cock;  H,  nipple;  J,  malleable  iron  coupling;  K, 
plug,  bronze;  L,  malleable  iron  bushing;  faced,  I.  S.  Thrd 
L.  H.,  O.  S.  Thr'd  R.  H.,  and  M,  malleable  iron  plug.  After 
plug  "L"  is  raised  to  and  screwed  into  faced  bushing  "F," 
stem  "A"  is  unscrewed  and  cap  "B"  with  close  nipple  "E." 
Packing  nut  "B"  and  perforated  cap  "C"  are  removed  and  a 
solid  cap  screwed  on  faced  bushing  "F." 


Increasing  Flow  of  Well  by  Dynamiting 

iJynaniite  was  used  for  increa.-^iiif  the  llow  of  a  well  at 
Ihe  plant  of  the  Sacks  Manufacturing  Co.  at  Woodstock. 
Va.  The  well,  sunk  to  a  depth  of  240  ft.  through  hard  lime- 
stone, produced  only  30,000  gal.  of  water  in  24  hours.  The 
rock  strata  were  very  tight  and  almost  without  crevices, 
so  it  was  decided  that  shooting  would  be  necessary  to  ob- 
tain satisfactory  results.  The  charge  used  was  325  lb.  of 
60  per  cent  straight  nitroglycerin  dynamite.  The  charges 
were  packed  tightly  In  41n.  metal  tubes  (ordinary  rain  pipe), 
each  section  10  ft.  long.  The  first  tube  rested  on  the  bot- 
tom of  the  well,  the  others  being  placed  one  on  top  of  the 
preceding  one  until  the  explosives  extended  up  the  bore 
hole  to  within  60  ft.  of  the  surface.  In  the  fop  tube  (the 
last  one  put  down),  a  deep  well  exploder  was  Imbedded  in 
one  of  the  sticks  of  dynamite.  Connecting  wire  long  enough 
to  reach  to  the  top  of  the  well  was  attached  to  this  ex- 
ploder and  the  connecting  wire  In  turn  attached  to  the 
leading  wire  which  at  the  proper  time  was  attached  to  the 
poles  of  the  blasting  machine.  Each  of  the  tin  tubes  had  a 
tight  bottom  soldered  on  it.  A  ball  wire  was  run  through 
two  holes  in  the  top  of  the  tube  and  a  hook  attached  to  a 
^  In.  rope  was  then  hooked  Into  the  ball  and  used  in  lower- 
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ing  the  tubes.  The  rope  and  tube  were  left  attached  to  the 
last  charge  lowered  (the  one  contalniHg  the  exploder).  The 
object  of  this  was  to  permit  pulling  this  tube  up  to  the  sur- 
face again  and  examining  it  if,  for  any  reason,  the  charge 
failed  to  go  off.  The  shot  produced  the  desired  increase  in 
water.  In  a  test  over  a  period  of  two  days  and  one  night 
continuous  pumping,  they  were  unable  to  e.xhaust  the  flow 
and  the  water  in  the  well  lowered  only  6  ft.,  showing  stand- 
ing water  to  a  depth  of  180  ft. 


Cost  of  Sewer  Construction  at  Providence, 
R.  I.  in  1917 

The  following  table  from  the  last  annual  report  of  M.  H. 
Bronsdon.  City  Engineer,  shows  the  average  depth  of  cut, 
nature  of  excavation,  and  contract  cost  of  labor  per  foot, 
on  the  different  sizes  of  regular  sewers  built  during  1917 
for  the  city  of  Providence,  R.  I.: 

■  Av. 

Average  nature        depth 
Items.  of  excavation  ot  cut. 

feet. 

6-in.  pipe  in  drains  to  curb  lineSand.    dry 10.50 

6-in.  pipe  in  drains  to  curb  lineSand  and  gravel,  dry.   10.50 

6-in.  pipe  in  drains  to  curb  lineHardpan   10.50 

6-in.  pipe  in  drains  to  curb  lineRock    10.50 

6-in.  pipe  in  drains  to  curb  lineFilling:    10.50 

S-in.  pipe  in  basin  connections. Sand,    dry 8.00 

S-in.  pipe  in  basin  connections.  Sand  and  gravel,  dry.     8.00 

S-in.  pipe  in  basin  connections. Hardpan    8.00 

S-in.  pipe  in  basin  connections. Rock    8.00 

S-in.  pipe  in  basin  connections .  Filling    8.00 

8-in.  pipe  in  sewer Sand,    dry 11.67 

8-in.  pipe  in  sewer Sand  and  gravel,  dry.   11.67 

12-in.  pipe  in  sewer Sand,   dry 12.00 

12-in.  pipe  in  sewer Sand  and  gravel,  dry.   12.00 

12-in.  pipe  in  sewer Sand,  gravel  &  b'lders  12.00 

12-in.  pipe  in  sewer Hardpan    12.00 

12-in.  pipe  in  sewer Rock 12.00 

15-in.  pipe  in  sewer Sand,   dry 12.25 

15-in.  pipe  in  sewer Sand  and  gravel,  dry.   12.25 

15-in.  pipe  in  sewer Sand  and  gravel,    wet  12.25 

15-in.  pipe  in  sewer Hardpan    12.25 

15-in.  pipe  in  sewer Rock    12.25 

16-in.  circular  brick  sewer Sand,    wet 19.00 

20-in.  circular  brick  sewer Sand,    wet 19.00       2.00 

24-in.  circular  brick  sewer Sand  and  gravel,  dry.   13.00       3.20 

Average  cost  of  building  manholes,    each $19.66 

Average  cost  of  building  catch  basins,   each 16.2ii 

Average  cost  of  building  extra   inlets,   each 3.27 

The  cost  for  rock  excavation  is  generally  included  in 
price  bid  per  lineal  foot  of  sewer,  otherwise  It  is  paid  for 
at  .$4  per  cubic  yard. 


Av. 
cost 
per 
foot. 
?0.97 

1.19 
.50 

1.8S 


1.25 
1.75 
1.27 
1.4U 
2.50 
1.48 
2.40 
1.00 
1.90 
3.00 
1.00 
1.00 


Standards  for  Water  Purity 

In  a  paper  presented  recently  before  the  School  of  Public 
Health.  Boston.  Mass.,  Mr.  H.  W.  Clark,  Director  and  Chem- 
ist, Division  of  Water  Laboratories,  Massachusetts  State 
Department  of  Health,  points  out  that  while  many  stand- 
ards for  estimating  the  bacterial  purity  of  water  have  been 
made,  on  the  whole,  judging  the  subject  from  30  years'  ex- 
perience and  practice,  none  of  them  appears  to  fit  all  cases. 
Many  waters  entirely  unfit  for  domestic  consumption  be- 
cause of  organic  pollution  would  pass  any  bacterial  stand- 
ard. Many  critics  state  that  the  chemical  analysis  of 
water  has  no  sanitary  significance,  the  bacterial  analysis 
alone  being  of  value.  Laboratory  examinations  of  water 
supplies  are  made  to  answer  at  least  two  main  purposes, 
however:  first,  a  medical  or  health  purpose  to  answer  the 
question — Is  this  safe  water?  that  is,  will  it  or  will  it  not 
cause  or  be  likely  to  cause  disease  to  its  users?  This  the 
bacterial  examination  will,  within  certain  limits,  show.  Bac- 
terial examination  will  not  show  the  organic  pollution  past 
or  present;  this  can  be  shown  only  by  chemical  analysis. 

The  first  main  reason  for  water  examination,  then,  is  the 
medical  or  health  reason.  The  second  reason  can  be  called, 
speaking  broadly,  the  chemical  or  sanitary  engineering  rea- 
son. This  engineering  desire  for  certain  information  in 
regard  to  quality  of  a  water  can  be  answered  only  by  chem- 
ical analysis.  The  medical  cry  is — Is  the  water  safe?  The 
engineering  demand  besides  this  is — Is  this  water  suitable? 
It  is  to  answer  this  question  that  control  of  water  supplies 
by  chemical  analysis   is   made. 

Massachusetts  is  a  state  small  in  area,  but  with  a  popu- 
lation of  3,500,000  people.  It  has  the  lowest  typhoid  death 
rate  of  any  state  in  the  Union  and  this  rate  is  constantly 
decreasing.  It  long  ago  passed  beyond  the  point  where  it 
asks  simply — Is   this   water  supply  safe? — and   demands.   Is 


this  water  of  good  quality  in  all  respects?  Is  it  satisfac- 
tory and  the  best  that  under  all  circumstances  can  be  sup- 
plied to  this  city  or  that  town?  It  not  the  best,  how  can  it 
be  improved?  By  a  combination  of  all  control  methods — ■ 
legislative,  sanitary  engineering  in  construction  and.  inspec- 
tion, adequate  prevention  of  entering  pollution  where  pos- 
sible, sand  filtration  or  disinfection  where  such  entrance 
cannot  be  prevented  but  must  be  overcome,  and  by  bacterial 
and  chemical  laboratory  work,  public  water  supplies  can 
always   be  made  safe   and   satisfactory. 


Cost  of  Irrigation  Pumping  in  Chandler 
District  of  Salt  River  Project 

The  following  data  on  irrigation  pumping  are  given  by 
James  M.  Gaylord,  Electrical  Engineer,  U.  S.  Reclamation 
Service,  in  an  article  in  the  October  Reclamation   Record: 

In  the  Chandler  district  of  the  Salt  River  Project  of  the 
U.  S.  Reclamation  Service  six  batteries  of  wells  were  built 
in  1909-1913,  each  battery  consisting  of  three  16-in.  wells, 
25  ft.  apart,  cased  with  double  telescoping  casing  %  in. 
thick.  The  wells  are  connected  through  suction  pipes  to  a 
12-in.  vertical  centrifugal  pump  mounted  on  a  steel  frame- 
work in  a  9-ft.  cylindrical  caisson  extending  to  a  depth  of 
40  to  50  ft.  below  the  surface  of  the  ground.  The  drilling 
record  of  a  typical  well  is  as  follows: 

Feet. 

Yellow  clay    20 

Sandy  clay    20 

Water  and   quicksand 40 

Yellow  clay 10 

Good  water  gravel  and  boulders 2 

Sandy  clay   50 

Water  and   iiuicksand 16 

Water  gravel   and   boulders 37 

Yellow    clay    22 

Water    and    gravel    boulders 28 

Yellow  clay  10 

Water  gravel   29 

Cement,  gravel,   some  water 16 

Total   depth    :a}i) 

Perforated  casing  from  90  to  92,  158  to  195,  217  to  245, 
255  to  300  ft.  below  ground  surface. 

The   average   results   from  this  district   were   as   follows: 

Total   feet   drilled    in    district 4,435 

Cost    per    toot    of  well $7.60 

Production   per    battery,    sec.    ft 10 

Con.-struction  cost  per  battery $18,700 

Plant  efficiency,  per  cent 62 

Lift,    feet    46 

Cost    of  power,   per   k.w.hr $0,007 

(Operation  cost,  1913-14,  per  acre-foot  lift.  1   foot,  1.8  ct. 


Drainage  System  of  Protection  Against  Electrolysis. — In 
a  paper  presented  before  the  Associated  Engineering  So- 
cieties of  St.  Louis,  Mr.  D.  W.  Roper,  Superintendent  Street 
Department  Commonwealth  Edison  Co.,  Chicago,  stated  that 
the  Edison  Co.  had  kept  a  careful  record  of  the  cost  of  re- 
pairing burnouts  caused  by  electrolysis  for  over  10  years 
and  the  results  show  that  with  the  underground  cables  hav- 
ing a  book  value  of  about  $15,000,000,  the  cost  of  repairing 
damage  due  to  electrolysis  is  about  $1,000  per  year.  The 
drainage  system  of  protection  has  been  used  by  the  Edison 
Co.,  from  the  first.  The  other  utilities  in  Chicago  using 
underground  cable  have  also  adopted  the  drainage  system 
which  satisfactory  results,  but  the  exact  figures  are  not 
available. 


Some  Regulations  for  Feeding  Community  Garbage  to 
Swine. — The  State  Board  of  Health  of  Iowa  has  adopted  the 
following  regulations  regarding  the  disposal  of  garbage  by 
feeding  to  swine:  Feeding  station  shall  be  located  on  land 
with  proper  drainage,  preferably  on  high,  rolling  land. 
Premises  must  be  equipped  with  sanitary  feeding  platforms 
v.-ith  an  ample  supply  of  water  for  flushing  the  same,  and 
must  have  an  ample  supply  of  water  so  that  every  vehicle 
and  all  containers  used  in  the  transportation  of  garbage 
can  be  thoroughly  washed  after  use.  All  unused  garbage 
must  be  disposed  of  in  a  sanitary  manner.  Any  contract 
with  a  town  or  city  shall  provide,  on  behalf  of  the  municipal- 
ity, that  the  garbage  shall  be  separated  from  the  refuse  at 
the  initial  point  of  receiving  by  the  housewife  or  other  han- 
Jlers  and  only  the  garbage  as  is  fit  for  feeding  shall  be  de- 
livered  to  the   feeding   station. 
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Fire  Service  Connection  for  Industrial 
Plants 

The  accoiiiijanyinK  illustration  shows  the  arraugeinenl 
approved  hy  the  Department  of  Health  and  Sanitation  of 
the  r.  S.  Shipping  Board  for  dual  connections  at  shipyards. 
The  connections  consist  of  two  check  valves,  three  pressure 
gages  and  two  blow-offs.  It  is  installed  in  a  manhole  of 
ample  size  for  convenient  operation  provided  with  a  drain 
to  carry  away  water  blown  off  during  tests.  The  specifica- 
tions for  the  checit  valves  require  the  seat  ring,  disc,  hold- 
ing ring  and  screws,  disc  stud,  arm  binge  pin  and  bush- 
ings to  be  of  bronze;    disc  to  be  faced  with   medium  hard 
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Diagram    Showing    Arrangement   of    Valves. 

rubber,    and    that    liberal    clearances    shall    be    left    around 
clapper  and  arm  in  full  positions. 

The  operation  of  the  connection  is  shown  in  the  diagram- 
matic illustration.  Normally,  indicator  post  gate  valves  M 
and  N  are  open  and  test  valves  D  and  E  are  closed.  At 
monthly  intervals  a  test  should  be  made  of  the  tightness 
of  the  check  valves,  and  at  intervals  of  about  three  months 
the  bonnets  of  the  check  valves  should  be  removed  and  the 
checks  and  their  bearing  seats  carefully  cleaned.  To  facili- 
tate removal  of  bonnets,  manilla  paper  packing,  soaked  In 
machine  oil.  should  be  used  and  bolts  greased  with  heavy 
oil  and  graphite.  To  make  test  of  tightness  of  check  valves, 
close  valve  M  and  open  valve  D.  Pressure  on  gage  A  should 
fall  to  zero  and  on  gage  B  hold.  Valve  E  should  now  be 
opened  and  pressure  on  gage  B  should  fall  to  zero  and  on 
gage  C  hold.  After  test  is  completed  valves  M  and  N  must 
be  left  open  to  permit  flow  through  the  connection. 


Practical  Rules  for  Burning  Coal  in  the 
Power  Plant 

The  following  suggestions  for  boiler  room  operators  are 
based  on  many  years'  experience  of  the  combustion  engi- 
neers of  the   Westinghouse   Electric   &   Manufacturing  Co.: 

Give  your  fireman  an  opportunity  to  acquire  the  funda- 
mental  principles  of  fuel  burning. 

If  you  have  a  difficult  fuel  problem,  consult  a  combustion 
engineer. 

Prevent  smoke  by  proper  firing  methods. 

I'se  gages  to  indicate  exactly  the  condition  of  flre  bed 
at  all  times.  As  a  minimum  these  gages  should  consist  of 
a  draft  gage  indicating  draft  in  furnace  above  fuel  bed,  a 
draft  gage  indicating  draft  at  boiler  side  of  flue  damper, 
and  a  steam-flow  meter  for  individual  boilers. 

CO.  is  the  principal  product  of  complete  combustion  of 
coal.  From  10  to  12  per  cent  CO.  should  be  obtained  in 
flue  gases  to  insure  minimum  fuel  loss. 

.Avoid  loss  due  to  unburned  coal  in  the  ash. 

If  you  are  wasting  exhaust  steam,  you  are  wasting  coal. 

Do  not  permit  grates  to  clog.  A  systematic  method  of 
keeping  the  air  spaces  clean  must  be  followed. 

Inspect  the  baffles  in  boilers,  as  broken  or  leaky  baffles 
raise  the  flue-gas  temperature  and  waste  coal. 

Avoid  leaking  In  of  cold  air  around  boiler  setting. 

Install  stokers.  Hand  firing  is  rapidly  being  recognized 
as  an  obsolete  and  wasteful  method  of  firing. 

Clean  scale  from  tubes,  as  every  particle  of  scale  wastes 
coal. 

Avoid  soot  formation.  All  boiler  tubes  should  be  blown 
externally  once  every  8  hours  when  In  continuous  service. 

All  smoke  flues  should  be  as  short  and  straight  as  possi- 
ble. Flues  should  also  be  made  air-tight,  and  all  joints  and 
connections  should  be  well  fltted.  calked  and  riveted.  Use 
asbestos  gaskets  on  clean-out  doors. 

(10 


Place  flue  dampers  in  front  of  boiler  so  that  firemen  will 
adjust  them  as  required.  Dampers  placed  in  rear  of  boil- 
ers are  seldom   disturbed,  regardless  of  their  condition. 

The  size  of  coal  has  much  to  do  with  the  capacity  and 
efllclency  of  boilers.  In  general  the  air  pressure  penetrates 
the  fuel  bed  formed  by  coarse  coal  more  easily  than  that 
formed  by  finer  coal,  resulting  in  disturbance  of  best  fur- 
nace conditions. 

Keep  the  heating  surfaces  of  the  boilers  free  from  soot, 
scale  or  oil. 

Keep  the  fires  level  and  free  from  holes. 

Do  not  carry  the  fires  so  thin  as  to  draw  a  lot  of  excess 
air  through. 

Do  not  carry  the  fires  so  thick  as  to  have  incomplete 
combustion  of  the  coal. 

Do  not  soak  the  coal  with  water  before  firing. 

Be  sure  the  blow-off  valves  do  not  leak. 

Do  not  have  the  safety  valve  popping  off  continually. 

Cover  steam   pipes. 

Do  not  waste  steam  through  leaky  valves  or  traps. 

Never  use  live  steam  it  exhaust  steam  is  available  and 
can  be  used  as  well. 


New  P.  &  H.  Backfiller  of  Dragline  Type 

A  backfiller  of  the  dragline  excavator  type  has  recently 
been  placed  on  the  market  by  Pawling  &  Harnischfeger  Co., 
.Milwaukee.  Wis.  The  machine  is  designed  to  backfill  all 
trenches  ordinarily  cut  with  trench  excavators  for  water, 
gas  or  sewers.  The  general  dimensions  of  the  backfiller 
are:  Out  to  out  of  rear  wheel.  5  ft.;  wheel  base.  6  ft.  The 
weight  in  working  order  is  about  4,000  lb.,  and  the  pro- 
pelling speed  is  approximately  I'-i  miles  per  hour.  A 
scraper,  4  ft.  wide,  of  Ptesno  type,  is  furnished  with  the 
machine.  The  car  body  is  built  up  of  two  6-in.  channels 
running  fore  and  aft  and  cross-connected  by  means  of  6- 
in.  channels  where  necessary.  The  machinery  base,  con- 
sisting of  two  6-in.  channels,  is  mounted  on  top  of  these 
beams  and  efficiently  connected  to  them.  The  main  ma- 
chinery consists  of  one  intermediate  shaft,  chain  connected 
to  the  engine,  and  one  drum  shaft,  gear  connected  to  the 
intermediate  shaft.  The  drum  runs  loose  upon  the  shaft 
and  is  connected  thereto  by  means  of  a  cone  clutch  13-in. 
diameter    by    2-in.    face,    lined    with    asbestos    lining.      The 


The  "Tom  Thumb"  Backfiller, 
drum  is  7-in.  diameter  for  %-in.  steel  rope.  The  inter- 
mediate shaft  is  connected  to  the  engine  by  means  of  a 
high-speed  roller  chain  of  1-in.  pitch.  .-V  cone  clutch  is  pro- 
vided on  the  intermediate  shaft  enabling  all  machinery  to 
be  placed  out  of  action.  A  steel  bevel  pinion  on  the  end 
of  the  Intermediate  shaft  Is  provided  with  two  semi-steel 
bevel  gears  on  the  propelling  shaft.  These  gears  are  pro- 
vided with  clutches,  by  means  of  which  propelling  motion 
Is  nblained  In  either  direction.  The  steering  machinery  is 
mounted  under  the  car  bo<ly  and  Is  operated  by  a  worm  and 
worm  wheel,  which  is  self-locking.  Connection  between 
this  shaft  and  the  front  axle  is  by  means  of  chains.  The 
steering  shaft   is  hand  operated,  a  large  hand  wheel,  with 
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handle  being  provided  for  this  purpose.  The  operating 
levers  are  located  at  the  rear  of  the  machine  and  so  grouped 
that  they  can  all  be  reached  from  one  position.  The  ma- 
chine is  driven  by  a  6-HP.,  single  cylinder  vertical,  hopper- 
cooled  engine,  running  at  450  revolutions  per  minute,  and 
connected  to  the  machinery  by  means  of  a  high-speed  roller 
chain. 

The  trade  name  of  this  latest  addition  to  the  excavating 
equipment  line  of  Pawling  &  Harnischfeger  is  the  "Tom 
Thumb."  As  indicated  by  the  name  the  new  machine  is 
smaller  than  the  well-known  P.  &  H.  boom  type  backfiller. 


The  Control  of  Small  Sewage  Dis- 
posal Works 

Some  Interesting  notes  on  English  practice  in  sewage 
works  control  were  given  by  Mr.  James  H.  Edmondson, 
Chemist  and  Manager  of  the  Southall-Norwood  Sewage  Dis- 
posal Works,  in  a  paper  presented  at  the  annual  meeting  of 
the  Instition  of  Municipal  Engineers  of  Great  Britain.  An 
abstract  of  the  paper  follows: 

In  the  control  of  small  works,  as  in  large  ones,  efficiency 
in  combinatioa  with  economy  Is  the  goal  to  be  aimed  for.  The 
author  has  frequently  seen  when  visiting  sewage  works 
that  the  effluents  leaving  small  works  are  infintely  better 
than  those  leaving  larger  ones — in  fact,  in  the  author's 
opinion,  many  of  the  effluents  are  too  good,  if  such  can  be 
the  case,  and  consequently  economy  must  have  suffered  to 
attain  this  high  degree  of  purity.  This  probably  arises 
through  insufficient  knowledge  of  the  sewage  treated  and 
effluent  obtained,  and  consequently  the  sewage  has  been  put 
through  more  processes  or  treated  on  a  larger  area  than  is 
really  necessary  to  produce  a  satisfactory  and  stable  effluent. 
If,  however,  systematic  records,  not  necessarily  of  a  highly 
technical  character,  were  kept,  they  would  be  of  great  assist- 
ance in  determining  any  further  treatment,  and  also  satisfy 
those  responsible  of  the  results  obtained  day  by  day. 

Records. — The  quantity  of  sewage  delivered  at  the  dis- 
posal works  is  of  the  first  importance.  This  is  fairly  simple 
to  determine  on  a  small  works  without  going  to  the  expense 
of  fixing  a  recorder.  Good  approximate  results  can  be  ob- 
tained by  the  use  of  a  rectangular  weir  or  V-notch,  and  re- 
cording the  depth  flowing  over  same  every  hour  or  half- 
hour.  The  effluent  can  also  be  recorded  by  fixing  a  rectangu- 
lar weir  at  the  outfall  from  each  channel  or  main  channel 
from  the  filters,  as  at  the  Southall  works. 

The  quantity  of  tank  effluent  each  bed,  filter  or  plot  of 
land  treats  can  often  be  approximately  estimated  by  record- 
ing the  number  of  hours  each  unit  works  per  day,  providing 
a  practical  test  has  been  previously  carried  out  of  the  quan- 
tity each  unit  treats  per  hour.  In  cases  where  pumping  is 
necessary,  the  time  the  pumps  are  at  work  usually  gives  a 
true  record  of  the  flow,  any  appreciable  increase  being  due 
either  to  loss  of  efflciency  of  the  pumps  or  increase  in  flow. 
The  measurement  of  the  sludge  at  the  time  of  cleaning 
the  tanks — which  is  easily  accomplished — along  with  the 
number  of  days  such  tank  has  been  at  work,  is  of  consider- 
able value.  Any  appreciable  Increase  may  be  due  to  increase 
of  flow,  which  should  be  accounted  for  above  or  increased 
strength  of  sewage.  On  the  other  hand,  should  there  be 
an  increased  flow  of  sewage  delivered  at  the  works  whilst 
the  production  of  sludge  is  normal,  of  course  eliminating 
storm  water,  it  will  probably  be  found  to  be  due  to  sub- 
soil water  leaking  into  the  sewers  or  some  other  sudden 
discharge  into  the  sewers. 

These,  with  many  others,  which  are  particularly  adapted 
to  individual  works,  are  common-sense  records.  There  are 
in  addition,  however,  a  fe  wchemical  and  physical  tests 
which  can  easily  be  applied,  and  in  conjunction  with  the 
above  records  will  enable  one  to  have  a  small  works  under 
control. 

Analyses. — The  results  given  are  usually  expressed  in 
parts  per  100,000,  and  even  then  some  of  the  figures  are 
small  decimals,  which  can  hardly  be  arrived  at  by  simple 
or  rough-and-ready  methods.  There  are  methods,  however, 
which  approximate  to  one  or  two  of  the  tests  if  not  the 
figures.    One  of  the  principal  tests  which  can  be  so  approxi- 


mated is  the  4-hours'  oxygen  absorption  test.  This  is  car- 
ried out  by  placing  a  known  quantity  of  the  sample  under  ex- 
amination in  a  standard  solution  of  acidified  potassium  per- 
manganate (containing  available  oxygen)  which  will  oxidise 
any  organic  matter  present.  As  is  well  known  potassium  per- 
manganate solution  has  a  brilliant  purple  color,  which  grad- 
ually disappears  with  the  loss  of  its  available  oxygen,  being 
colorless  when  all  the  oxygen  has  been  absorbed.  Upon  this 
characteristic  a  simple  test  has  been  devised.  A  few  other 
tests  are  described  below: 

Oxygen  Absorbed. — Apparatus  and  chemicals  required: 
One  pair  of  Apothecary's  scales,  one  or  two  weights  totaling 
0.4  gramme,  one  litre  graduated  flask,  10  cc,  25  cc.  and 
100  cc.  graduated  cylinders,  pure  sulphuric  acid,  potassium 
permanganate,  and  a  stock  (6-8  oz.)  of  stoppered  bottles. 

Solution. — Weigh  out  on  the  scales  0.4  gramme  of  potas- 
sium permanganate,  and  place  in  litre  graduated  flask,  and 
dissolve  in  a  little  good  tap  water;  add  100  cc.  of  sulphuric 
acid  and  allow  to  cool.  When  cool,  make  up  to  the  litre 
mark  with  water. 

Method. — Place  in  a  stoppered  bottle  100  cc.  of  sample  to 
be  examined  and  add  10  cc.  of  the  acidified  solution  of  po- 
tassium permanganate.  Note  how  long  it  takes  for  the 
color  to  entirely  disappear.  With  crude  sewage  this  may 
occur  in  a  few  minutes;  with  a  good  effluent  it  may  take 
some  hours. 

Presence  of  Nitrates  in  the  Effluent. — Apparatus  and  chem- 
icals required:  One  Nessler  tube,  a  solution  of  1  per  cent 
brucine  sulphate  tube  and  2^4  cc.  of  brucine  solution,  thor- 
oughly mix  and  add  2%  cc.  of  strong  sulphuric  acid  down  the 
side  of  the  tube,  which  will  settle  at  the  bottom.  If  a  pink 
zone  forms,  gradually  changing  to  amber,  nitrates  are  pres- 
ent— the  more  marked  the  reaction  the  more  nitrate  pres- 
ent. 

Turbidity. — Apparatus  required:  Piece  of  white  cardboard 
with  black  lines  ruled  across,  a  ground  bottom  Nessler  tube 
at  least  6  in.  in  height  and  1  in.  in  diameter,  graduated  up 
the  side.  Shake  the  sample  thoroughly  and  slowly  pour 
into  the  Nessler  tube,  which  is  placed  on  the  paper,  until 
the  black  lines  are  obscured.  A  satisfactory  effluent  should 
show  a  depth  of  4  or  more  inches. 

Odor  and  Stability. — Apparatus  and  chemical  required: 
Stoppered  bottles  and  a  solution  of  methylene  blue.  A  good 
effluent  should  have  no  offensive  odor  at  the  time  of  sam- 
pling or  even  after  being  kept  in  a  stoppered  bottle  in  ab- 
sence of  air  for  4  to  6  days  at  a  temperature  of  80°  F.  The 
stability  can  be  estimated  by  tinting  the  sample  in  the  bottle 
with  about  six  drops  of  methylene  blue  solution  before  plac- 
ing on  one  side  or  in  an  incubator.  Examine  the  sample 
dally,  and  should  the  color  persist  until  the  fourth  day 
one  can  be  satisfied  of  the  stability  of  the  sample.  If  an 
effluent  has  a  deficiency  of  dissolved  oxygen  and  nitrates  it 
is  invariably  found  that  it  is  charged  with  an  excess  of 
organic  matter,  and  consequently  will  be  found  to  be  un- 
stable, emitting  a  disagreeable  odor,  and  discoloring  methy- 
lene blue  upon  incubation.  If  the  color  persists  for  four 
days  it  is  usual  to  record  it  on  the  record  sheet  with  a  -f- 
sign;  If  it  disappears  within  four  days,  with  a  —  sign. 

The  following  is  a  typical  method  of  recording  the  recults: 


gfl        2         is  H   gS'  S 

2         ^°        I         ■£  »      1   Pi  -i      JJ     = 

Q  o-§  Z  Eh  o        o-i    <;5-i:    k       S      S 

Sept.    2.     G  hrs.       Strong      4%"      Earthy       -f      —      Nil      90      58 
Sept.    3.     3  hrs.       SUght       3"  StagTiant  —      —      Nil      98      60. 

While  advising  that  such  records  and  elementary  tests 
would  prove  of  great  assistance  in  the  control  of  small 
works,  and  which  can  easily  be  carried  out  by  any  intelli- 
gent workman,  the  author  would  certainly  recommend  that 
periodical  samples  be  submitted  to  an  analyst  and  his  report 
compared  with  the  results  obtained  on  the  works.  By  such 
means  the  manipulator  could  fix  his  own  limitations  to  the 
elementary  tets  just  described. 

In  conclusion  It  may  be  mentioned  that  in  considering  an 
analyst's  report  the  following  four  tests  are  usually  taken 
as  standards: 

1.  The  4-Hours'  Oxygen  Absorption  Test. — A  permissible 
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eflluent   should   absorb   less   than   1.40  parts  per   100,000;    a  Kal.     Shidgp   accumulated   at    the   rate   of   2.03   cu.   yd.    per 

Kood  etlluent  under  1.0  part.  l.dOd.iind  gal.     The  temperature  affects  the  volume  of  sludge 

:;.  The  Albuminoid  Ammonia  Test.     A  permissible  effluent  in  tlie  tanks,  so  these  Hgures  are  indeflnite. 

should  contain  less  than  0.15  part  per  100.000;  a  good  effluent  sludge  is  drawn  onto  the  beds  to  a  depth  of  9  in.     Under 

less  than  O.IM  part.  the  most  favorable  weather  conditions  it  becomes  gpadable 

3.  Suspended  Solids.— The  Royal  CommiBslon  recommends  i„    «    days.      Throughout    the    season     the     average    drying 

that  a   final  effluent  should  contain   less  than  30  parts  per  period    would    be    11    days.      The    moisture    content    of    the 

100,000.  sludge   when  drawn  averages  81   to  83   per  cent  and  when 

■»     Dissolved    Oxvgen    Test    (oxygen    absorbed    from    tap  removed   from   the   beds   has  been   reduced  to  57   to  63  per 

water  in  five  days  at  65^  F. ).— The  Royal  Commission  recom-  cent 

mends  that  a  Hnal  etlluent  should  not  absorb  more  than  20  ^^^   ,^j^,    ^^            ^^^^.^   ,^j^   ^^^^^^          ,^   S     ^     j   ^.^^ 

parts  of  oxygen  per  100.000. „  3^5  ^^    ^.^   ^^  ^.^^  ^^^^^^     ,„  ^^^^^^    j^,^  ^.^,^^^  ^^^,„^g 

about  one-third  or  9  in.  of  wet  sludge  reduces  to  6  in.  In 

Operating  ResultsofReinsch-Wurl    ""^kness  

Screens  at  Rochester,  N.  Y.  ci  ^^    r^-         •    .►  n     -^          »  i 

operating    results   of   the    recently    completed    main    sew-  SludgC    DlSpOSal    at    PrOVldenCC,    R.  I. 

age   disposal    plant    of   Rochester,    .\.    Y.,    were   outlined    by  The   cost   of  sludge  dispo.sal   fronj   the   sewage   treatment 

.Mr.    K.    A.    Fisher,    Acting   City    Engineer,    and     Mr.    N.    A.  worlts  of  Providence.   R.   I.,  for  1917.   was  $7.10  per  ton  of 

Brown,   Special   Assistant   on   Sewage   Disposal,   in   a  paper  dry  solids,  according  to  the  report  of  M.  H.  Bronsdon,  City 

presented    at    the    recent    convention    of   the   American    So-  Engineer,    for   that    year.     The   sludge   is   pressed    and   the 

ciety    for    Municipal    Improvements.      The    following    notes  cake   carried    away   on   scows.     The   sludge   is    pumped   by 

are  abstracted  from  his  paper.  Shone  ejectors   (two  500-gal.)   to  storage  reservoirs;   thence 

The    plant     consists     of     coarse     racks,     detritus     tanks.  •>>■   Suavity   to   forcing   receivers    (four,   8   ft.   dlam.   x   12   ft. 

Riensch-Wiirl    screens.    Imhoff    tanks,    sludge-drying    beds  long) :   thence  forced  under  60  lb.  pressure  per  square  inch, 

and  power  plant  "P  '"'"  '^^  presses.    The  ejectors  and  forcing  receivers  are 

_       ...        ..,.„.       ,.,.,.„                  „,,          ..,..,  run  by  air  pressure  generated  by  one   150  and  one  oO-HP. 

Resu  ts  with    Reinsch-Wur    Screens. — The  original  instal-  .     .  j,  Z       ,     .  •          .            i^-i. 

...         ,                          ■  .   J     *  ^        r.   •       w  ,,.     1                  I.,  compressor,  actuated  by  electric  motors.     Filter  presses  are 

lation  of  screens  consisted  of  four  Reinsch-\\  url  screens  12  ,          .       ....          .„  ..     ^.     ,  .          -.i.  ..  •            .       v,   i 

,,    ,      ,.         .          .         .....         ,  „„.      •.,.■,,.•       .   ,  used,  each  with  from  43  to  54  plates  with  bin.  center  holes, 

ft.  in  diameter,  at  an  inclination  of  30     with  the  horizontal.  .                    i      o..  ■                        j  .„  i -./.-.     •      .ui  i,    i,„ 
_        .     ,                     ,,    .      1.     „  .                 .         .       ,        ,o  torming  cake  3b  in.  square  and  from  1%  to  ^^  in.  thick,  be- 
Two  had  openings  %  in.  by  2  in.,  so  cut  as  to  give  43  per  .             „,,         ...         r*.  ,                  j   .i,       i   .         r-     .u       j„ 
n?..                    •     .   ,,   J  .               .            .L      J  tween  filter  cloths  which  surround  the  plates.    Further  de- 
cent opening.     These  were  installed  to  operate  on  the  dry  .   .,     «          .1,1.                     .              .  .  n 

..        _                  ..       .uTt.-...,.        ».j  tails  from  the  city  engineers  report  follow: 
weather  flow  preceding  the  Imhoff  tanks.     Two  had   open- 
ings  1 '16   bv   2   in.   with   18.8   per  cent   of  opening.     These  .\mount  of  sludge  produced.  8.717  million  gallons. 

,      '.    J          .                 1.   .1.        m         ,   .      1       .           J   .    .  Gallon.s    of    sludge    produced    per    million    eallon.'^    of    sewaec 

were  so  located  as  to  permit  the  effluent  to  be  turned  into  treated.  879. 

the   Imhoff  tanks,  or  bv-passed   to  the   plant   effluent.  Pounds  of  lime  added  per  thousand  gallons  of  sludge,  109.2, 

I'er  cent  of  solids  in  wet  sludge,  10.28. 

The  removal  on  %in.,  by  2in.  openings  was  found  to  be  .vmount  of  sludge  pressed.  «.370  million  gallons. 

so   low    that    nnp   of   these    ha<j   hppn    renlnceH    hv   nlatea  hav-  .\niount    of    water    removed     by    sedimentation    of    sludge    in 

80  low   mat  one  ot  tuese  nas  been  repiacea  by  piates  nav-  reservoirs,  2.O6I  million  gallons,  or  2.3.6  per  cent, 

ing   •-8-in.   by  2-ln.  openings,  giving  32.6  per  cent  openings.  Tons  of  sludge  cake  produced,  15,067. 

which    gives    a    more    satisfactory    removal    of    the    floating  Tons  of  sludge  cake  produced  per  day    41. 2S. 

,   ,            ,                                         '      ,                                              "  P^r  cent  of  solids  \n  pres.sed  cake.  23.0. 

material,    such    as    matches,    peas,    kernels     of     corn,    etc.,  Tons  of  soHds  produced  per  day.  10.3. 

which    passed   through   the    %-in.   openings   and   had   to   be  

removed   by  skimming  from  the  Imhoff  tanks. 

From  Jan.  1  to  Sept.  1.  1918,  the  amount  of  screenings  Irrigation  Pump   Geared    to   Automobile 

removed  was  1,856  cu.  yd.  from  a  sewage  flow  of  7,786.300,-  £n£ine 

000  gal.,  or  a  removal  of  6.44  cu.  ft.  per  1,000,000  gal.  ...„.,             ? 

A   unique  installation  used  on  some  small  pumping  proj- 

The  amount  of  screenings  Is  variable,  depending  on  size  ^^^^  jg  mentioned  by  Mr.  James  M.  Gaylord,  Electrical  En- 

of  openings,  velocity  through  screen  plate  and  the  density  „ineer,  V.  S.  Reclamation  Service,  in  an  article  in  the  Oc- 

of  the  sewage.     The  variable  amount  Is  shown  by  the  fol-  ,Qber  Reclamation  Record.     The  installation   consists  of  a 

lowing   table:                          centrifugal  pump  direct  connected  or  geared  to  an  automo- 

Tlme                                   TU  Of^'P'TlA     Cu.  ft  screen-  bile  engine  and  controlled   bv  means  of  automobile  control 

tiapsed.                   Mesh.                   Rainfall.                  Ings  per  .    ,     ■                           ■      .       "    i.-             ti-i,                 1     i      .    n 

Days.                     In,                        In.                 l.OOOTonn  gal.  mounted    in    a    convenient    position.      Where    such    installa- 

6                          J4                        ;92                         2.00  lions  are  made,  the  automobile  engine  is  usually  operated 

rt                          3                       None                      .3!o3  •''  *  comparatively  low  speed  in  order  to  insure  longer  life 

5                          H                         .18                        2.62  of   the   equipment.     The    continuous   service   required   of   a 

g                        }^g                      l°oT                      6!47  pumping    plant    would,    in    a    few    months,    amount    to    the 

mu                 .«i           »«.i-       o.j!..!                  jj  enuivalent    of    many    thousands    of    miles'    operation    of   an 

The  amount  of  loss  of  head  is  affected  by  the  suspended  <^<i'">'"»^'"    »"    '       ',  '"^  "=°""     "'               .           ,     •        ,, 

matter   in   sewage.      In   time   of   rain   a   heavy   mat   on   the  ^"tomobile    and    it    is    necessary    to    operate    such    installa- 

screen   increases  the  loss  of  head,  ""n*^  «'  ^l"^'  «P^«<>  '"  ''"^^''  *°  ««'""'■«  '°"«  '''*• 

Based  upon  the  observation  of  a  number  of  days,  the  fol-  

lowing  curve  was  determined  for  flows  up  to  35  m.g.d.  on  Appraisal  of  Utica,  N.  Y.,  Water  Company.-The  property 

the  1/lb-^ln    mesh  screen:  ,„.  Z  Consolidated  Water  Co..  of  Utica.  N.  Y.,  is  valued  at 

Y—  0l(,j.9X    ,71).    In  Which  .<S..i7(i,<KiO.    according    to    the    recentlv    submitted    report    of 

^  =lo88  o    head  in  feet;    X  rate  of  flow  in Jiigd^  „,.,,.„,f  ^.   ^.,^^^^.    Consulting  Engineers,  Boston,  Mass..  who 

I-or  the  '^-In.  screen   with  X  varying  from  24  to  40  m.g.d..  ,,,^,,^  j,,^  appraisal  for  the  company.     The  following  sched- 

the  equation  is  Y  =  .02o   (  X  -f  1).  „,p  i,  „  summary  of  the  appraised  value: 

Grit   Removal. — The  amount  of  grit  removed  from  a  flow 

of  7,786,000,000  gal.  was  509.2  cu.  yd.,  or  1.76  cu,  ft.  per  1,000,-  ^^",lpp'!y'll„un"!''l.nHnrii\'ro"n  aild^                                   '.p- 

000  gal.     This  quantity  varies  from  .95  cu.  ft.  per  1,000.000  .-rtleH.  disirl'b'uilon  res.-rvolrs  ami  :>i  1                        "«• 

gal.   In   January   to   405   cu.   ft.    per   1,000,000  gal.    In    March.  fions^'wat™  moleV\?'«n7«pVuTenano....  «.  n.  >:.l  water 

This  is  exclusive  of  the  two  grit  chambers  at  river  siphons.  works  structures.  bulldlnKs,  etc JC.SIS.OOO 

Imhoff  Tanks.— On   May   8  the  quantity  of  sludge   in  the      i;"'!  f»i«'o ••■■.■•'■■, ■■.;;■■■.■■■.■■,■. S70.000 

,                   ,0  ,,.„                 ,       r,  .              xw        o»u         J    o      •     o  Water  iKiwor  and  diversion  rights,  including  compensa- 

lanks    was    13,400    cu.    yd.     Between   May  8th  and  Sept.  2  n„„  agroomenis  2,300,000 

there   was  drawn   9.890  cu.   yd.  of  wet   sludge.     Then   there  nolng  concern  value,  organization  and  Incorporation  ex- 

remalned   In   the  tanks  7.6S0  cu.   vd.     There   was  therefore  P*'""*'   525.000 

deposited  in  the  tanks,  from  May  8  to  Sept.  2,  1,170  cu.  yd.       ^^'"•'"nK  <^"P'«^.  malerlul  and  supplies ""'>'"' 

The  flow    through   the   tanks  In   this  time  was  2,051.700,000  Total    $8,670,000 

(107) 
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News  Letter 

St.  Louis  Items. 

C.  F.  Nagel  moved  his  team  outfit  on  an  Illinois  River  job 
near  Ottawa.  111. 

P.  J.  Murphy  has  a  steam-shovel  at  work  unloading  coal  for 
the  Wabash  R.   R.  at  Moberly,   Mo. 

The  Cedar  Rapids  Const.  Co.  are  busy  with  several  nice  con- 
crete jobs  on  the  M..  K.   &  T.  R.  R. 

J.  L.  Keller,  Sun  City,  Kansas,  will  have  his  18  team,  machine 
and   fresno    outfit   idle   in   a   few   days. 

G.  W.  Galegor  has  taken  a  piece  of  Cook-O'Brien  Const.  Co.'s 
work  on  the  BurlinKton  R.  R.  at  Farley,  Mo. 

Frank  Gorman,  the  hustling  powder  man,  looked  natural  when 
we  met   him    in    Kan.sas   C!t\-   the  other  day. 

G.  E.  Mc.Malion,  :;ioii  Market  St.,  St.  Louis,  Mo.,  has  15  teams 
idle.      Wants  .sonif    sradins    in   this   neighborhood. 

John  West,  son  of  A.  L.  West,  died  of  influenza  at  Butler,  Mo., 
on   Oct.    28  th.      His   body   was   buried   in   Kansas   City. 

J.  C.  Kaiser  is  scouting  around  for  a  grading  job.  Reports 
his  team  outfit  at  McClure.  111.,  will   be  idle  in  a  few  weeks. 

Keating  Bros,  are  straightening  cur\'es  tor  the  Chicago  & 
Illinois  Midland  R.  R.  near  Auburn.  111.  Doing  this  force  ac- 
count. 

Wm.  Dankleft  of  Mt.  Olive.  111.,  is  grading  passing  track  ex- 
tensions for  the  Wabash  R.  R.  at  Brisbane,  Cerregordo,  Tolona 
and  Sidney.   111. 

Dan.  C.  Crane.  Springfield,  Mo.,  has  900  yd.  of  solid  and  1,500 
yd.  of  loose  rock  on  the  Frisco  R.  R.,  7  5  miles  west  of  St. 
Louis,    to   sublet. 

B.  F.  Brooks  has  moved  his  team  outfit  from  AUerton.  la.,  to 
W"aIdron.  Mo.,  on  a  piece  of  Cook-O'Brien  Const.  Co.'s  work 
on  the  Burlington  R.  R. 

Tom  Campbell  is  laid  up  with  influenza  at  his  home  in  Topeka. 
but  we  hope  to  be  able  to  report  in  next  issue  that  he  is  back 
on  his  job  at  Chilooko,  Okla. 

C.  B.  McKamara  Co..  280  W.  Seventeenth  St..  Dubuque.  Iowa, 
have  a  small  steam-shovel  idle  that  they  would  like  to  place 
on  some  job  or  will   lease  same. 

Contractors  when  in  want  of  labor  or  work  for  their  outfits 
write  Koenig  Labor  Agency.  612  Walnut  St.,  St.  Louis,  Mo.. 
or  503  Delaware  St.,  Kansas  City.  Mo. 

Tom  Campbell  died  of  influenza  at  his  home  in  Topeka,  Kansas, 
on  Nov.  9th.  At  the  time  of  his  death  Tom  was  working  at 
Chilooko,    Okla.      Only    sick   a  few   days. 

Wm.  P.  McCadden.  son  of  P.  J.  McCadden.  died  here  on  Oct. 
10th  after  a  very  short  illness  in  his  36th  year.  The  remains 
were  shipped  to  Memphis  for  interment. 

Cooper  &  Sons  have  started  work  at  Beverly,  Mo.,  and 
Ralph  Dutcher  is  moving  his  outfit  to  Farley,  Mo.,  on  the  Cook- 
O'Brien    Const.    Co.'s    Burlington    contract. 

F.  T.  Sullivan  of  the  Walsh  Construction  Co.  passed  through 
St.  Louis  the  other  day  on  his  way  to  Cricket,  Ark.,  to  resume 
work   on   the   Missouri   Pacific   R.    R.    at   that   point. 

Frank  L.  Ayniond  is  about  through  with  his  bridge  job  near 
Poplar  Bluff,  Mo.  Avmond  has  4  cracker  jack  pile  drivin,g 
outfits  idle.      R.   R.   No.   4,   Poplar  Bluff.  Mo.,   will  catch  him. 

W.  A.  Ross  of  M.  Ross  &  Son  enlisted  with  Uncle  Sam  last 
week.  Is  going  in  to  the  tanks  and  treat  the  Huns  rough. 
Ross   &    Son    finished    their   highway   contracts  near   Kansas    City. 

R.  T.  Amis  has  one  of  his  team  outfits  at  work  at  Winfield, 
Kansas,  on  the  Santa  Fe  R.  R.  under  Cook  &  O'Brien.  Also  an- 
other outfit  on  A.  Moore  Const.  Co.'s  work  near  Augusta.  Kansas. 

Mulvill  Bros.,  Alton.  111.,  were  awarded  16  miles  of  second 
track  work  by  the  C.  &  A.  R.  R.  between  Reinker  &  Nilwood,  111. 
This  is  principally  all  light  scraper  work.  Will  sublet  this  in 
quantities  to   suit  outfits. 

Geo.  M.  Gross  writes  us  from  Hortonville.  Wis.,  that  he  had 
just  completed  his  large  concrete  road  job  there  and  would 
like  to  secure  some  similar  work  south.  Has  three  fully  equipped 
concrete  paving  outfits,   also   a   20   team  outfit  idle. 

Chas.  Eby.  one  of  the  best  known  contractors  in  this  part 
■of  the  country,  died  suddenly  at  Garnett.  Kan.,  on  Nov.  5th 
with  a  stroke  of  paralysis.  His  body  was  taken  to  Pana.  111., 
for  burial.  At  the  time  of  his  death  Mr.  Eby  was  building  a 
reservoir   for  the  city  of  Garnett. 

F.  G.  Jonah,  formerly  chief  engineer  of  Frisco  Railroad,  who 
left  here  as  major  with  the  Twelfth  Engineers,  a  St.  Louis  regi- 
ment, has  just  been  promoted  to  lieutenant-colonel  and  assigned 
to  the  Division  of  Light  Railways  and  Roads  in  the  American 
Expeditionary    Forces    in    France. 

Columbus  S.  Jones,  the  boss  stationman,  has  subbed  thirty 
miles  of  bank  widening  on  the  Texas  Pacific  R.  R.  near  New 
Orleans.  La.,  from  A.  L.  Cook.  Will  begin  work  immediately. 
Has  also  subbed  another  job  of  bank  widening  from  A.  L.  Cook 
on    the    M..    K.    &   T.    R.    R.    from    Bartlesville   to    Oklahoma   City. 

J.  W^  McMurray  Contracting  Co..  Kansas  City.  Mo.,  were 
awarded  two  splendid  concrete  jobs  in  Texas  by  the  Santa  Fe 
R.  R.  They  also  closed  a  contract  with  the  Katy  for  similar 
work  at  Huntsdale.  Mo.  In  addition  to  these  jobs  they  have 
several  more  outfits  at  work  in  Kansas  and  Oklahoma  for  the 
M.   K.   &  T.   R.   R. 

The  Terminal  Railroad  Association  in  East  St.  Louis  has  let 
a  contract  for  the  erection  of  a  two  story  concrete  coal  hopper 
and  a  terminal  on  its  property  near  the  Relay  Depot.  The  cost 
will  be  $127,000.  It  is  expected  that  work  will  he  started  on 
the  coal  hopper  immediately,  which  will  be  followed  by  the  con- 
struction of  the  terminal. 

The  C.  R.  Cummins  Co..  Cleveland.  Ohio,  was  awarded  con- 
tract for  building  a  10  mile  cut  off  for  the  Toledo  &  Ohio  Central 
Railway  between  Pleasantville  and  Eckers.  Ohio.  In  addition 
to  this  they  are  building  a  large  yard  at  Zeigler.  111.  Also  a 
yard  for  the  Pennsylvania  R.  R.  at  Terre  Haute.  Ind.  Have  an- 
other big  job  from  the  Pennsylvania  at  Columbus.  Ohio.  Finish- 
ing 60  miles  of  second  track  work  for  the  Pennsylvania  R.  R. 
between  Toledo  and  Columbus,  Ohio.  A  yard  at  Yellow  Creek. 
Ohio,  for  the  Pennsylvania  R.  R..  and  a  third  track  between 
Hammondsville  and  Yellow  Creek.   Ohio. 

The  W.  M.  Sutherland  Building  and  Contracting  Co.  of  St. 
Louis  was  awarded  contracts  for  the  erection  of  additional  can- 
tonments at  Fort  Leavenworth.  Kas.,  to  accommodate  16.000 
men.  Dispatches  from  'Washington  announced  that  work  will 
begin  at  once  and  will  represent  an  estimated  cost  of  $5,000,000. 
The  contracts  have  been  let  on  the  basis  of  cost  plus  a  percent- 
age of  profit.  William  F.  Wilkins.  general  superintendent  of  can- 
tonments   for    5.000    engineer    troops,    now    under    construction    at 


Fort   Leavenworth,   will    be   in    charge.      When    all   the   buildings 
are  completed  the  fort  will  accommodate  22,000  men. 

A.    B.   KOENIG. 


Personals 

James  W.  Costello  of  Philadelphia,  Pa.,  has  been  appointed 
supervisor  of  street  cleaning  and  garbage  removal  for  the  city  of 
Newark,  N.  J. 

F.  K.  Martin,  superintendent  of  the  Humboldt,  Sask.,  electric 
and  water  works  systems,  has  resigned  and  has  been  succeeded 
by  C.  A.  Cutting  of  Saskatoon. 

Carl  Brown,  inanager  of  the  electric  plant  at  Cedartown,  Ga., 
has  accepted  a  position  as  manager  of  the  Huntsville,  Ala.,  opera- 
tions of  the   Alabama   Power  Co. 

James  S.  Dunwoody,  chief  of  the  filtration  plant  of  Erie,  Pa.. 
has  been  commissioned  a  first  lieutenant  in  the  construction  di- 
vision  of  the   Quartermaster's   Department.   U.    S.   Army. 

E.  V.  Leverett  of  Conway,  Ark.,  has  entered  upon  his  duties 
as  conservation  engineer,  by  appointment  of  H.  C.  Couch,  United 
States  fuel  administrator  and  director  of  conservation  for  Ar- 
kansas. 

Frank  B.  Steele  of  Dayton.  Ohio,  has  been  appointed  asso- 
ciate general  manager  of  the  Utica  Gas  &  Electric  Co.,  Utica,  N. 
Y..  to  succeed  W.  A.  Buttrick,  who  recently  resigned  to  enter  the 
motor   transport   service. 

Cornelius  M.  Cary  has  been  appointed  acting  superintendent  of 
the  Bureau  of  Ashes  and  Garbage  of  Binghamton.  N.  Y..  to  suc- 
ceed Superintendent  M.  Edmund  Turk,  who  has  been  granted  a 
leave  of  absence  for  the  period  of  the  war. 

William  H.  Gould  of  Toledo,  C,  has  been  appointed  to  an  en- 
gineering position  in  the  Government  Bureau  of  Industrial  Hy- 
giene, rilr.  Gould  is  the  founder  of  the  Lucas  County  Depart- 
ment of  Sanitary  Engineering  and  was  the  county  sanitary  engi- 
neer for  several  years. 

Thomas  N.  Hooper,  vice-president  of  the  Davenport  Water 
Co..  Davenport,  la.,  has  been  eleced  president  to  succeed  the  late 
F.  H.  Griggs.  Mr.  Hooper  has  been  with  the  Davenport  Water 
Company  since  1S73,  coming  here  as  chief  engineer.  At  different 
times  he  has  been  superintendent,  general  manager  and  vice- 
president. 

D.  G.  Thomas,  an  official  of  the  Denver  Union  Water  Co..  Den- 
ver, Colo.,  for  nearly  thirty  years  and  an  expert  in  the  science 
of  water  supply  purification,  has  resigned  as  the  company's  chief 
engineer  and  will  soon  enter  private  practice  as  a  consulting 
engineer.  He  will  be  succeeded  by  Acting  Chief  Engineer  Burton 
Lowther.  who  came  to  Denver  three  months  ago  from  Kansas 
City,  where  he  was  water  plant   manager  for  ten  years. 

The  Oklahoma  Utilities  Association  has  been  formed  by  the 
merging  of  the  Okla'noma  Gas,  Electric  and  Street  Railways  As- 
sociation and  the  Oklahoma  Public  Utilities  Bureau.  The  ofiicers 
are:  President.  J.  F.  Owens,  general  manager  Oklahoma  Gas  & 
Electric  Co..  Oklahoma  City:  first  vice-president.  C  S.  Thomp- 
son, manager  Shawnee  Gas  &  Electric  Co..  Shawnee:  second  vice- 
president,  J.  AV,  Shartel,  manager  Oklahoma  Railways  Co,.  Okla- 
homa City;  treasurer,  "William  Alee,  president  Security  National 
Bank,  Oklahoma  City:  secretary,  H.  A.  Lane.  611  State  National 
Bank  building,  Oklahoma  City:  assistant  secretary.  Prof.  F.  G. 
Tappan.  University  of  Oklahoma.  Norman.  The  first  annual 
meeting  of  the  new  organization  will  be  held  Feb.  13,  14  and  15 
in  Oklahoma  City. 

V.  Bernard  Siems  has  been  appointed  principal  assistant  en- 
gineer of  the  Water  Department  of'  Baltimore,  Md.  Air.  Siems 
is  a  technical  s^raduate  and  started  the  practice  of  engineering 
in  lUOS  with  J.  G.  White  &  Co..  of  New  York,  on  the  work  of 
reconstructing  and  electrification  of  the  Maryland  electric  rail- 
wa\s.  He  entered  the  employ  of  the  City  of  Baltimore  in  1909 
when  new  improvements  to  the  water  system  had  started  and 
was  with  the  municipality  from  that  time  to  July  16,  1918.  havin.g 
been  assistant  engineer,  filtration  division,  and  pitometer  engi- 
neer, engineering  and  construction  division.  On  July  16,  1918,  he 
was  granted  leave  of  al>sence  to  assist  the  construction  division 
of  the  War  Department  on  the  design  and  construction  of  water 
works  at  Camp  Meade,  Md. 


(108) 


Obituaries 

James  P.  McKay  of  the  Leadite  Co,.  Philadelphia,  died  Oct.  24 
from  pneumonia. 

Frank  W.  Hutchinson,  a  contractor  of  Nashville,  Tenn..  died 
Oct.    29.    aged    34. 

Francis  R.  Crispen,  secretary  and  director  of  the  Traylor  En- 
gineering &  Manufacturing  Co.  and  the  Traylor  Shipbuilding  Co. 
died  recently. 

J.  R.  Sheely,  a  member  of  the  firm  of  Rowler  &  Sheely.  bridge 
contractors,  died  Nov.  3  at  his  home  in  Fort  Collins,  Colo.,  fol- 
lowing a  stroke  of  paralysis.     He  was  70  years  old. 

wriliam  K.  Shelly,  vice-president  and  general  manager  of  the 
Tiffin  Wagon  Co..  Tiffim,  O..  died  Nov,  3.  aged  74  years.  Mr. 
Shelly  was  born  in  Washington.  111.  His  boyhood  was  spent  at 
Peoria.  111.,  where  he  first  embarked  in  business.  He  came  to 
Tiffin  in  1888  as  general  manager  of  the  America  Strawboard  Co. 
After  leaving  this  business  he  spent  several  years  in  Chicago 
and  New  York,  returning  to  TiffiiH  in  1899,  at  which  time  he 
organized  the  Tiffin  Wagon  Co. 

Chester  Peter  Siems,  chairman  of  the  Siems-Carey  Railway  & 
Canal  Co..  and  head  of  allied  concerns,  which  have  undertaken 
many  large  railroad  and  canal  construction  enterprises  in  this 
and  other  countries,  including  China,  died  Oct.  23  at  his  home  in 
New  York  City  after  a  brief  illness.  He  was  born  in  St.  Paul, 
Minn.,  and  was  in  his  34th  year.  On  his  graduation  from  Yale 
in  1907  Mr.  Siems  entered  the  engineering  department  of  the 
Spokane.  Portland  &  Seattle  R.  R.  The  following  year,  with  his 
father  and  brother,  he  or.ganized  the  firm  of  Siems  &  Co,,  which 
executed  a  number  of  railroad  contracts  in  the  Northwest,  When 
this  firm  was  succeeded  in  1911  by  the  Siems-Carey  Co,,  Mr. 
Siems  was  made  president  and  treasurer.  Under  his  personal 
direction  two  allied  companies  were  established  for  railroad 
construction  in  the  United  .States  and  Canada.  The  China  Cor- 
poration also  was  launched  for  the  purpose  of  engaging  in  busi- 
ness abroad.  In  1916  the  Siems-Carey  Railway  &  Canal  Co.  was 
formed  by  SiSms  &  Carey  and  the  American  International  Cor- 
poration to  undertake  large  railway  and  canal  projects.  This 
company  soon  concluded  a  contract  with  the  Chinese  govern- 
ment for  the  construction  of  2.000  miles  of  railway  in   China. 
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Great  Appropriations  Should  Now 
Be  Made  for  Public  Works 

The  War  Industries  Board  has  removed  practically  all 
restrictions  as  to  public  works  and  new  construction  of  all 
kinds.  While  this  alone  insures  that  1919  will  be  an  ex- 
ceedingly active  year  in  the  civil  engineering  and  contract- 
ing field.  It  should  not  be  assumed  that  engineers  are  thus 
freed  from  the  duty  of  vigorously  campaigning  for  large 
public  works  appropriations.  , 

Without  doubt  the  construction  of  merchant  ships  will 
continue  for  some  time  on  a  fairly  large  scale,  also  many 
of  our  soldiers  will  remain  in  Europe  for  months,  but  there 
can  not  be  the  slightest  doubt  that  a  very  large  part  of 
our  present  war  contract  work  will  soon  come  to  an  end 
and  that  our  soldiers  will  begin  to  return  home  within  a 
few  weeks.  The  release  of  millions  of  men  from  war  in- 
dustries and  from  the  army  and  navy  will  not  be  auto- 
matically followed  by  their  imniedliite  employment  unless 
large  appropriations  for  public  works  are  made  by  cities, 
counties,  states  and  Federal  government. 

It  would  be  economic  folly  to  continue  the  building  of 
such  a  vast  merchant  marine  as  was  planned  when  It  was 
expected  that  submarine  sinKings  would  continue  on  a  large 
scale.  .\  much  more  Judicious  expenditure  of  public  funds 
would    be   for   harbor   and    river   Improvements. 

It  has  been  urged  for  many  years  that  the  Government 
should  assist  In  reclaiming  the  millions  of  acres  of  swamp 
and  overflow  lands,  particularly  along  the  lower  Mississippi. 
The  greatest  objection  to  fJovernnient  appropriations  for 
luch  projects  has  been  that  the  Oovernment  would  thus  en- 
rich the  owners  of  the  lands  at  the  expense  of  the  public. 
But  there  Is  nothing  to  prevent  the  purchase  of  all  over- 
flow  and   swamp   lands   by   the   Oovernment    prior   to   their 


reclamation.  Then  after  draining  and  protecting  these 
lands  from  floods,  they  could  be  sold  at  a  handsome  proflt. 

There  are  endless  opportunities  for  the  reclamation  of 
arid  lands  in  America,  to  say  nothing  of  logged-off  lands 
now  unfit  for  use.  The  tile  drainage  of  millions  of  acres 
of  farm  lands  has  been  urged  as  an  economic  measure  by 
the  v.  S.  Dept.  of  Agriculture,  but  farmers  have  been  very 
slow  to  act,  possibly  from  lack  of  capital.  It  would  seem 
feasible  for  the  Government  to  undertake  this  tile  drain- 
age of  private  lands,  charging  the  cost  against  the  owners 
and  giving  them  20  or  30  years  in  which  to  repay  the  Gov- 
ernment. If  this  were  done  on  a  large  scale  under  the 
direction  of  the  army  engineers.  It  would  give  employment 
next  spring  to  a  vast  number  of  men:  and  it  would  be  an 
employment  that  would  be  profitable  to  all  concerned — the 
workers,  the  farmers  and  the  general  public. 

The  other  day  a  Congressman  announced  his  intention 
of  introducing  a  bill  appropriating  JIOO.000.000  for  Federal 
roads.  Isn't  It  time  to  stop  talking  about  road  expenditures 
in  mere  millions?  With  two  and  a  half  million  miles  of  roads 
and  !iO  per  cent  of  the  mileage  unsurfaced  even  with  gravel, 
this  country  should  cease  its  petty  attitude  toward  road  Im- 
provement. We  have  been  spending  one  and  a  half  billion 
dollars  a  month  for  war.  If  four  months'  war  expenditures 
were  diverted  to  road  work,  we  should  have  six  billion  dol- 
lars available.  With  that  sum  about  one-quarter  of  our 
present  unimproved  road  mileage  could  be  given  a  hard 
surface  over  which  trucking  could  be  carried  on  every  day 
of  the  year.  That  would  be  a  really  worth  while  achieve- 
ment, and  it  Is  such  an  achievement  as  the  present  emer- 
gency demands. 

The  railway  problem  calls  for  an  Immediate  solution  so 
that  a  comprehensive  program  of  railway  Improvements 
and  extensions  can  be  undertaken  next  spring.  The  Gov- 
ernment should  now  decide  either  to  continue  the  operation 
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of  the  railways  beyoud  the  21  mouths  after  peace  is  signed, 
or  it  should  require  the  railway  companies  to  combine  into 
one  or  two  huge  companies  under  which  all  the  benefits 
of  unification  would  be  secured.  Then  it  would  be  feasible 
to  plan  a  great  program  of  railway  construction  and  im- 
provement. Among  the  many  things  that  should  be  done 
is  the  electrification  of  all  railway  lines  where  hydroelec- 
tric  power  can  be  developed  economically.  Lack  of  capital 
has  prevented  our  railways  for  the  last  ten  years  from  mak- 
ing extensive  improvements  that  were  sorely  needed.  Now 
is  the  time  to  secure  the  capital  through  the  Government, 
and  to  expend  it  so  as  to  effect  great  reductions  in  the  cost 
of  rail  haulage. 

Again  we  urge  engineering  societies  "to  take  an  active 
part  in  this  transition  period.  There  is  no  body  of  men 
better  able  than  engineers  to  guide  the  public  wisely  in  the 
expenditure  of  public  funds. 


Falacious  Arguments  Against 
Influenza  Masks 

In  San  Francisco  the  use  of  gauze  masks  to  ward  off 
the  germs  of  influenza  has  been  made  compulsory  for  all 
persons  on  the  streets  or  in  public  places.  Thus  far  San 
Francisco  has  had  relatively  few  influenza  cases  compared 
with  other  large  Pacific  Coast  cities.  Consequently  the 
"bug  mask"  seems  likely  to  prove  to  be  a  really  great  in- 
vention. But.  as  is  always  the  case  when  any  new  device 
appears,  there  are  many  men  who  decry  it.  Often  these 
objectors  are  "educated,"  but  seem  to  be  quite  lacking  in 
logical   education. 

The  commonest  argument  against  the  "flu  mask"  is  that 
the  openings  in  the  mask  bear  the  same  relation  in  size 
to  a  microbe  as  a  barn  door  to  a  mouse.  For  example,  a 
doctor  recently  wrote  to  a  daily  paper  protesting  against 
the  use  of  these  masks,  saying: 

If  the  gauze  worn  over  the  face  i.s  expected  to  prevent  the 
entrrince  of  micro-organisms  to  the  respirator>'  tract  it  seems 
that  the  absurdity  would  be  apparent  to  those  who  know  that 
Pfelffer's  bacillus,  pneumococci  or  streptococci,  must  be  mag- 
nified many  hundreds  of  times  to  be  visible  at  all.  and  that  if 
the  ordinary  gauze  mask  be  magnified  to  the  same  extent  :t 
would  show  the  meshes  to  be  so  large  as  to  apparently  offer 
no  obstruction  to  the  house  fly.  i^uch  an  attempt  to  mechani- 
cally prevent  germ  invasion  might  be  compared  to  fencing  against 
fleas  in  Florida  with  barbed  wire. 

All  of  which  sounds  very  plausible,  but  is  fallacious 
reasoning.  The  very  same  sort  of  argument  was  used 
r. early  half  a  century  ago  against  filtering  water  to  remove 
typhoid  germs.  The  argument  then  took  this  form:  "The 
interstices  between  the  grains  f  sand  in  a  filter  are  as 
large  compared  with  the  typhoid  bacillus  as  a  house  door 
is  to  a  mouse.  If  all  the  doors  of  a  house  were  open,  a 
mouse  could  pass  from  garret  to  cellar  without  being 
stopped.  How  absurd,  then,  is  the  belief  that  a  typhoid 
germ  can  be  caught  while  wandering  through  a  layer  of 
sand  a  foot  or  two  thick." 

It  seems  very  "absurd,"  doesn't  it?  Yet  when  an  actual 
count  of  the  germs  in  a  drop  of  raw  water  was  made,  and 
a  similar  count  was  made  of  the  germs  in  the  same  water 
after  filtration  through  a  thin  bed  of  sand,  it  was  found 
that  only  one  germ  in  a  hundred  had  passed  through! 
"Incredible,"  but  true.  Of  100  "mice"  that  started  in  at 
the  garret  to  go  downstairs,  only  one  reached  the  cellar, 
although  every  door  was  open.  Now  this  was  no  specula- 
tion or  guess.  The  microscope,  after  Dr.  Robert  Koch's 
discoveries  40  years  ago,  could  be  used  to  count  the  mi- 
crobes in  a  measured  volume  of  water  even  as  one  might 
count  mice  in  a  trap.  And  the  microscope  made  it  certain 
that,  somehow  or  other,  porous  filter  sand  does  stop  most 
of  the  microbes  in   water. 

It  is  80  years  ago  this  very  year  that  a  British  civil  engineer, 
.lames  Simpson,  finished  at  Chelsea,  London,  the  first  sand 
filter  plant  for  a  city.  It  was  intended  primarily  to  re- 
move the  visible  impurities  of  the  Thames  water.  Little 
did  he  or  anyone  else  dream  that  the  real  danger  in  using 
that  water  was  the  invisible  living  things  that  inhabited  it; 
for  Pasteur  had  not  yet  shown  that  many  diseases  are 
caused   by   microbes,   and   Koch  had   not  perfected   the   mi- 


croscopic detection  of  germs.  Yet  it  began  at  once  to  be 
noticed  that  typhoid  fever  was  less  prevalent  than  it  had 
ever   been. 

Not  until  about  40  years  ago  was  it  fully  demonstrated 
that  filtration  can  be  so  scientifically  conducted,  by  the  aid 
of  microscopic  counts  of  bacteria,  as  to  remove  almost  all 
danger   of   contracting   typhoid    from    drinking   water. 

Then  came  another  great  discovery,  namely,  that  a  mi- 
nute quantity  of  chlorine  is  deadly  to  typhoid  germs.  One 
drop  of  liquid  chlorine  in  two  barrels  of  water  is  the  aver- 
age dose,  but  it  usually  suffices  to  kill  nearly  every  typhoid 
germ.  When  the  discovery  of  chlorination  of  water  was 
announced,  it  also  was  "argued  off  the  floor."  Men  with 
no  logical  training  and  very  little  real  knowledge  of  science 
drew  comparisons  between  the  chlorination  of  water  to 
kill  typhoid  and  the  taking  of  homeopathic  medicines  to 
cure  diseases.  "Consider,"  they  said,  "the  absurdity  of 
trying  to  kill  the  millions  of  microbes  in  a  barrel  of  water 
by  merely  adding  half  a  drop  of  liquid  chlorine."  Yes,  it 
was  perfectly  absurd,  but  the  microbes  all  died;  perhaps  by 
laughing  themselves  to  death  over  the  absurdity  of  it. 

In  drawing  an  analogy  between  a  flea  and  a  microbe, 
several  elements  of  difference  are  usually  overlooked.  A 
flea  not  only  is  capable  of  locomotion  but  can  direct  his 
motions  by  the  sense  of  smell.  A  microbe,  on  the  other 
hand,  is  helplessly  and  aimtfessly  carried  along  by  currents 
of  air  or  water.  In  the  case  of  microbes  that  are  inhaled, 
it  seems  likely  that  most  of  them  are  either  attached  to 
particles  of  dust  or  to  small  globules  of  moisture.  In  either 
case,  if  the  mask  stops  the  grain  of  dust  or  globule  of 
water   the   germ   itself  is   caught   also. 

Relatively  few  people  who  have  not  studied  phyoics  are 
aware  that  there  are  several  classes  of  attraction  that  op- 
erate only  at  very  minute  distances.  Moreover,  the  laws 
of  attraction  at  molecular  distances  are  still  far  from 
being  perfectly  understood.  For  example,  it  remains  a 
mystery  that  a  diamond  will  adhere  to  a  greased  surface 
whereas  a  piece  of  quartz,  or  of  glass,  or  of  garnet,  etc., 
will  not  adhere.  Upon  that  difference — even  yet  unex- 
plained— an  inventor  in  South  Africa  developed  the  most 
effective  way  of  separating  the  rough  diamonds  from  the 
"blue  earth"  in  which  they  are  found.  But  imagine  how 
the  wiseacres  would  have  ridiculed  his  invention  prior  to 
seeing  it  actually  "do  the  trick."  There  it  was,  merely  an 
inclined  trough  whose  bottom  was  greased.  Yet  when  a 
current  of  water  washed  the  "blue  earth"  down  the  trough, 
lo,  nothing  remained  behind  but  the  diamonds,  plucked  out 
by  the  magic  of  the  molecular  attraction,  of  the  grease! 
Incredible!     Absurd!     But   a  fact. 


Great 


Opening    the    Way    for  a 
Construction  Era 

For  over  four  years  contractors  have  been  living  mainly 
on  the  three  fair  sisters — Faith,  Hope  and  Charity.  Con- 
struction activities,  even  before  the  great  war  began,  were 
well  below  normal;  they  fell  off  still  further  when  "Got  Mit 
Uns"  started  through  Belgium.  A  few  months  later  when 
American  plants  commenced  to  get  war  orders  there  was 
some  improvement,  but  the  work  was  confined  mainly  to 
the  erection  of  industrial  buildings.  In  the  meanwhile  ma- 
terial prices  had  soared  to  unprecedented  heights  and  labor 
had  become  scarce.  As  a  result  there  was  a  general  slow- 
ing up  in  all  kinds  of  construction.  Then  our  country  en- 
tered the  war.  Embargoes  and  priority  orders  came  into 
being  and  drastic  regulations  were  placed  on  all  construc- 
tion except  war  projects  or  work  of  great  economic  im- 
portance. This  was  the  end.  Construction  gave  a  final  gasp 
and  went  to  sleep. 

But  the  time  of  awakening  has  come.  The  War  Indus- 
tries Board  last  week  removed  its  restrictions.  Municipali- 
ties can  now  go  ahead  with  their  long  deferred  improve- 
ments; highway  building  can  be  resumed;  public  utilities 
can  make  extensions;  drainage  and  irrigation  projects  can 
be  carried  out;  in  fact  the  ban  has  been  lifted  from  all  classes 
of  construction  except  large  buildings,  for  which  special 
permits  are  still  required.     At  the  same  time  the  Board  re- 
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moved  llmitaiiuns  on  the  production  of  building  materialH, 
includinK  brick,  cement,  lime,  hollow  tile  nnd  lumber. 

Alino.st  coincident  with  the  removal  of  the  wartime  regu- 
lations comes  the  announcement  that  demoliillzation  of  the 
army  is  to  besln  ut  once.  The  1.700,(100  soldiers  in  camps 
within  the  I'nlted  States  will  be  discharged  first,  200,000 
probably  being  released  within  two  weeks.  When  the  de- 
mobilization Is  In  full  effect  it  is  expected  to  release  30.000 
men  per  week.  Thousands  of  these  men  thus  will  be  avail- 
able  within  a   few    weeks  for  labor  purposes. 

It  Is,  of  course,  Impossible  to  give  any  definite  estimate 
of  the  amount  of  construction  that  could  be  started  at  once. 
Practically  all  public  and  private  improvements  have  been 
suspended  for  nearly  two  years.  There  thus  has  piled  up  a 
vast  amount  of  construction,  plans  for  which  already  have 
been   prepared,  and  all   necessary  financing  completed. 

It  is  possible,  however,  to  give  some  idea  of  the  possi- 
bilities from  Kederal  dovernment  undertakings!  Two  in- 
stances will  be  cited.  The  first  relates  to  the  Federal  aid 
highway  projects.  From  January,  UUS,  to  Sept.  30,  the  pay- 
ments on  Federal  aid  post  roads  aggregated  $853,000  or  less 
than  one-thirtieth  of  the  amount  which  theoretically  could 
have  been  paid  in  that  period.  In  the  administration  of  the 
Federal  aid  road  act.  691  projects,  involving  the  construc- 
tion of  7.378  miles,  at  a  total  estimated  cost  of  $52,674,000 
were  approved  by  the  Secretary  of  Agriculture  from  .luly 
11,  1916,  to  Oct.  1,  1918.  Only  a  small  percentage  of  these 
projects  have  been  completed  or  placed  under  construction. 
There  seems  to  be  no  reason  why  the  remainder  could  not  be 
placed  under  contract  in  the  near  future.  The  other  in- 
otance  is  the  $1,000,000,000  improvement  and  equipment  pro- 
gram authorized  for  the  railroads  for  1918.  Of  this  amount 
$403,864,000  had  been  spent  up  to  Oct.  1.  and  of  the  expen- 
diture $17:'.. 716. 000  went  for  additions  and  betterments,  such 
as  track  improvements,  machinery,  buildings,  wharves  and 
terminals,  and  $216,186,000  for  cars  and  locomotives.  Only 
$13,961,000  was  expended  for  new  track.  In  this  one  fund 
there  thus  is  available  several  hundred  million  dollars  for 
railway    improvements,   betterments   and   extensions. 


A  Prophet  of  1601 

By   HALBERT   P.   GILLETTE. 

Note:  In  1601  the  British  rarliament  was  importuned  by  all 
the  river  boatmen  to  leKislate  against  the  importation  from 
France  of  those  then  novel  devices  for  carrying  passengers — 
stage  coaches.  r)e.'*lruclion  of  a  great  tran.-sportation  business 
anil  the  los.s  of  Jobs  fur  thou.sands  of  "honest  toiler.'"  were  pre- 
ilictcd.  (ine  Ta.vlor.  ;it  once  a  poet  and  a  boatman  of  the 
Thames.  "8i)oke  in  behalf  of  capital  and  labor,"  and  this  is  what 
he   said: 

In    1601. 
"Carroaches,  coaches,  jades  and  Flanders'  mares. 
Will    rob    us    of    our    shares,    our    fares,    our    wares. 
.Against  the  ground   we'll  stand  and  knock  our  heels. 
Whilst  all  our  profits  run  away  on  wheels." 

Three  Centuries  Later. 

Come.  Taylor,  back  to  this  big  top  of  Time 
That  spins  the  days  that  let  me  reel  my  rhyme. 
No  longer  jades  nor  mares  need  worry  thee,        ^ 
(Jas  motors   speed  o'er  earth  and  air  and   sea. 
Dead   as   are   you,   your  direst   prophecy. 


Reconstruction  Conference  of  U.  S.  Chamber  of  Com- 
merce.— Many  phases  of  reconstruction  will  be  taken  up 
at  the  Kectmstruclion  Conference  of  Industrial  War  Serv- 
ice Committees  called  by  the  Chamber  of  Commerce  of 
the  I'nlted   States   for  Dec.  3.   4    5  and   6  at   Atlantic   City. 

The  progratn  for  the  conference  has  not  been  completed. 
but  enough  of  the  details  have  been  worked  out  to  Indicate 
the  comprehensive  way  In  which  this  conference  will  ap- 
proach the  problem  of  reconstruction.  On  Dec.  3,  the  first 
day  of  the  conference,  the  350  war  service  committees 
meeting  separately  will  take  up  questions  of  special  in- 
terest to  their  own  Industries.  At  these  meetings  there 
win  be  formulated  the  policies  of  the  industries  repre- 
sented by  the  committees  and  resolutions  which  individ- 
ual crafts  desire  to  present  during  the  conference. 


War  Industries'    Board    Removes 
Restrictions  on  Construction 

The  war  industries  board  on  Nov.  12  began  to  modify  the 
regulations  under  which  It  has  controlled  American  Indus- 
try during  the  war  time.  Construction  projects  are  largely 
released  from  the  war  restrictions,  while  the  curtailment 
of  the  manufacturing  of  many  articles,  including  automo- 
biles, is  reduced  one-half.  Under  circular  issued  on  Nov. 
12  by  the  priorities  division  of  the  War  Industries  Board, 
construction  projects  falling  within  the  following  classifi- 
cations  are  approved,  and  no  permits  or  licenses  will  be  re- 
<iuired  therefor  from  the  non-war  construction  section  here- 
after. 

1.  Construction  projects  approved  In  writing  by  the  facili- 
ties division  of  the  War  Industries  Board. 

2.  All  farm  and  ranch  buildings,  structures,  or  Improve- 
ments. 

3.  All  buildings,  structures,  roadways,  plant  facilities,  or 
other  construction  projects  of  every  nature  whatsoever, 
undertaken  by  the  United  States  Railroad  Administration 
or  by  any  rail  or  water  transportation  company,  organiza- 
tion, or  utility  (whether  or  not  under  the  direction  of  such 
administration),  or  by  the  American  Railway  Express  Co., 
or  by  the  owner  or  operator  of  any  telegraph  or  telephone 
line. 

4.  The  construction,  maintenance,  improvement  or  devel- 
opment, by  Federal,  state  or  municipal  authorities,  of  high- 
ways, roads,  boulevards,  bridges,  streets,  parks,  and  play- 
grounds. 

5.  The  construction,  extension,  improvement,  maintenance 
or  repair  of  any  public  utility,  including  water  supply  sys- 
tems, sewer  systems,  light  and  power  facilities,  and  street 
and  interurban  railways. 

6.  The  construction,  extension,  or  repairs  of  all  irrigation 
and  drainage  projects. 

7.  Construction  projects  connected  with  the  extension, 
expansion,  or  development  of  mines  or  connected  with  the 
production  and  refining  of  mineral  oils  an^  of  natural  gas. 

8.  The  construction,  alterations,  or  extensions  of.  or  re- 
pairs or  additions  to.  plants  engaged  principally  in  produc- 
ing, milling,  refining,  preserving,  refrigerating,  or  storing 
foods  and  feeds. 

9.  The  construction  of  new,  or  the  alterations  or  ex- 
tensions of  existing  school  houses,  churches,  hospitals,  and 
Federal,  state,  or  municipal  buildings,  involving  a  cost  not 
exceeding   $25,000. 

10.  The  construction  of  new  buildings  not  embraced  in 
any  of  the  foregoing  classifications,  or  repairs  on  buildings 
involving  a  cost  not  exceeding  $10,000. 

11.  The  construction  of  new  buildings  or  structures  not 
embraced  in  any  of  the  foregoing  classifications,  or  repairs 
or  extension,  involving  a  cost  not  exceeding  $25,000,  when 
approved  in  writing  by  the  State  Council  of  Defense. 

12.  Buildings  begun  prior  to  Sept.  3,  1918.  where  a  sub- 
stantial portion  of  the  building  has  already  been  con- 
structed. 

All  limitations  on  the  production  of  building  materials, 
including  brick,  cement,  lime,  hollow  tile  and  lumber,  have 
hoen  removed. 

The  circular  states  that  the  priorities  division  of  the  war 
industries  board  will,  as  far  as  practicable,  assist  Indus- 
tries in  procuring  materials,  fuel,  transportation  and  labor 
to  enable  them  to  Increase  their  operations  to  normal  lim- 
its as  rapidly  as  conditions  may  warrant.  Precedence  must, 
however,  be  given  to  stimulate  and  Increase  the  production 
of  cargo  ships  and  supply  the  requirements  of  the  array 
and  the  navy  of  the  United  States  as  well  as  to  provide 
for  this  nation's  proper  proportion  of  the  enormous  volume 
of  materials,  eiiuipment  and  supplies  as  shall  be  required 
for  the  reconstruction  and  rehabilitation  of  the  devastated 
territories    of   Europe. 

Precedence  must  also  be  gl\'en  to  such  activities  as  will 
lend  to  stimulate  the  production  of  foods  and  feeds,  of  coal, 
(if  natural  gas.  of  oil  and  its  products,  of  textiles  and  cloth- 
ing, and  of  minerals. 
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Labor-Saving  Methods  and  Ma- 
chines in  Limestone 
Quarrying 

A  pamphlet  describing  successful  and  efficient  labor 
saving  methods  and  machines  for  limestone  quarrying  was 
issued  recently  by  the  U.  S.  Bureau  of  Mines.  The  publica- 
tion, extracts  from  which  are  given  below,  was  written  by 
Mr.  Oliver  Bowles,  who  visited  a  number  of  fluxing  lime- 
stone quarries  for  the  express  purpose  of  observing  labor 
saving  devices. 

Labor  Requirements  of  Various  Stripping  Methods. — 
Loading  waste  material  into  dump  carts  or  cars  with  hand 
tools  is  doubtless  recognized  by  most  quarrymen  as  involv- 
ing the  most  prodigal  use  of  labor,  per  ton  of  material  moved, 
of  any  method  in  common  use.  Fortunately,  it  Is  not  com- 
monly employed  except  in  very  small  quarries. 

Where  the  overburden  rests  on  a  reasonably  smooth  rock 
surface,  and  the  dumping  ground  is  near  by,  the  employ- 
ment of  teams  and  scrapers  results  in  a  pronounced  saving 
of  labor  over  hand  methods.  Where  the  waste  must  be 
moved  a  considerable  distance  a  method  has  been  noted 
whereby  the  scraper  loads  are  dumped  through  an  opening 
into  wagons  on  a  depressed  roadway,  the  soil  being  thus 
handled  in  two  operations.  Under  such  circumstances  wheel 
scrapers  are  to  be  preferred,  for  thus  a  single  operation  will 
suffice,  and  such  simpliflcation  reduces  the  labor  require- 
ment. 

A  drag-line  scraper  alone  has  been  used  effectively  where 
conditions  are  favorable,  and  a  drag-line  scraper  used  in  con- 
junction with  dump  cars  may  be  used  to  advantage.  By 
either  method  the  heaviest  burden  of  the  work  is  accom- 
plished by  machinery,  and  the  labor  requirement  is  not  high. 

The  most  popular  stripping  equipment  for  large  quarries  is 
the  steam  shovel.  It  requires  a  small  gang  of  men,  and  when 
propery  handled  and  well  supplied  with  cars  can  load  a 
great  mass  of  material  in  a  day.  While  the  first  cost  of  a 
steam  shovel  is  high,  with  proper  care  the  cost  of  main- 
tenance is  not  excessive.  Where  the  rock  surface  is  fairly 
uniform  and  level  the  steam  shovel  is  probably  the  best 
equipment  for  loading  any  considerable  thickness  of  over- 
burden. 

A  stripping  conveyor  in  conjunction  with  a  steam  shovel 
is  sometimes  used.  Such  equipment  cannot  be  generally 
employed,  for  it  is  applicable  only  to  quarries  where  the 
overburden  may  be  conveniently  disposed  in  the  pit  formed 
by  removal  of  the  good  rock. 

With  adequate  water  supply,  proper  drainage,  and  suffi- 
cient waste  disposal  area,  hydraulic  stripping  is  probably 
the  most  economical  of  labor  of  all  methods  in  common 
use.  With  two  men  at  the  pumping  station  and  two  to 
handle  the  nozzle,  a  great  mass  of  debris  may  be  washed 
down  in  a  single  day.  The  rate  of  removal  depends  on 
the  size  of  the  nozzle,  the  available  water  pressure,  and 
the  consistency  of  the  soil.  The  rate  of  progress  may  be 
retarded  if  the  overburden  is  hard,  for  it  may  be  necessary 
to  bore  it  with  a  soil  auger  and  blast  with  powder.  The 
presence  of  numerous  boulders  may  also  render  hydraulic 
stripping  difficult. 

As  labor  is  the  chief  cost  item  in  stripping,  the  cost  per 
cubic  yard  is  a  fair  indication  of  the  relative  labor  require- 
ments of  various  processes.  The  following  figures  repre- 
sent minimum  costs  noted  by  Mr.  Bowles  during  field  in- 
vestigations: Hand  shovel  and  dump  cart  method,  30  ct. 
per  cubic  yard;  steam  shovel  and  cars  hauled  bv  dinkey 
engine,  16  ct.;  steam  shovel  and  stripping  conveyor  to 
above.  3  ct.;  drag-line  scraper  (to  loading  platform  only). 
"  ct.;   hydraulic  stripping,  3  ct. 

The  Employment  of  Blasting  Experts. — If  blasting  is 
done  by  an  experienced  man  of  good  judgment,  subsequent 
operations  may  be  greatly  simplified.  If  the  rock  is  thor- 
oughly shattered,  little  labor  is  required  for  secondary 
blasting,  and  if  the  rock  fragments  are  thrown  down  in  a 
way  that  permits  easy  handling,  loading  operations  may 
be   performed   rapidly   and   w"ith   minimum   effort. 

A  realization  of  these  facts  has  led  some  operators  to 
engage  the  services  of  blasting  experts  who  are  not  per- 
manent members  of  any  quarry  organization,  but  who  travel 


about  from  quarry  to  quarry  as  their  services  are  desired. 
The  expert,  in  accordance  with  his  judgment,  developed  by 
long  experience,  supervises  the  arrangement  and  spacing 
of  drill  holes,  selects  the  explosive,  proportions  the  charge 
for  each  hole,  carefully  inspects  or  tests  all  connections,^ 
and  fires  the  charge.  The  efficiency  of  the  results  usually 
obtained  amply  justifies  the  employment  of  such  experts. 

Labor  Saving  in  Rock  Loading. — In  many  quarries  hand- 
loading  has  been  superseded  by  the  use  of  power  shovels, 
operated  by  steam,  electricity  or  compressed  air.  For  quar- 
rying fluxing  limetone  the  most  obvious  advantage  in  the 
hand-loading  method  is  the  ability  of  the  hand  loader  to 
select  the  desirable  and  to  reject  the  inferior  material. 
Thus  when  hand  loaded  the  rock  may  be  hand  picked. 
Where  steam  shovels  are  employed  such  selection  is  not 
possible;  if  siliceous  material  is  shot  down  with  the  rock 
it  must  be  loaded  with  the  rock  and  separated  subsequently 
by  screening  or  washing. 

Labor  Requirement  of  Hand-loading  Method. — The  rock 
tonnage  loaded  by  hand  per  man  per  day  varies  greatly  ia 
different  localities.  Thus  in  one  of  the  largest  fluxing  quar- 
ries of  the  Birmingham  district  of  Alabama  the  loaders 
average  about  18  tons  per  man  per  day.  in  a  Western  Penn- 
sylvania quarry  they  average  only  15  tons  a  day,  and  in 
two  Eastern  Pennsylvania  quarries  they  average  25  and  30 
tons,  respectively,  per  day.  .\n  average  of  several  quarries, 
some  for  the  production  of  limestone  for  Portland  cement 
and  some  for  the  production  of  limestone  flux,  is  20  tons 
per  man  per  day.  Thus  a  quarry  producing  1.000  tons  of 
rock  per  day  requires  an  average  of  about  50  loaders. 

Labor  Requirement  of  Steam-Shovel  Loading  Method. — 
The  labor  requirement  for  steam-shovel  work  is  variable 
as  it  depends  on  the  size  of  the  shovel  employed  and  on 
the  conditions  under  which  it  operates.  In  one  Eastern 
Pennsylvania  quarry  a  small  tractor  shovel  with  a  %-yd. 
dipper  requires  a  maximum  of  3  men  and  it  loads  a  maxi- 
mum of  400  tons  a  day.  It  is  claimed  by  the  quarry  fore- 
man that  it  can  accomplish  as  much  work  as  12  hand  load- 
ers, though  in  ordinary  practice  it  does  the  work  of  7  or  8. 
A  shovel  of  this  type,  therefore,  saves  the  labor  of  4  or  5 
men  for  an  output  of  250  to  300  tons  per  day.  In  another 
Pennsylvania  quarry  it  is  claimed  that  two  steam  shovels 
employing  10  men  in  all  load  as  much  rock  as  45  men  by 
hand   methods. 

In  one  Western  New  Jersey  quarry  a  steam  shovel  em- 
ploying 3  shovel  men  and  4  pit  men  loads  1,200  tons  per 
day,  or  an  average  of  171  tons  per  man  per  day.  In  one 
Eastern  Pennsylvania  quarry  two  steam  shovels  requiring 
the  services  of  a  total  of  16  men  load  1,000  tons  a  day.  or 
an  average  of  only  fi3  tons  per  man  per  day.  Figures  ob- 
tained at  various  quarries  in  widely  separated  localities  in- 
dicate that  an  average  of  about  12S  tons  of  rock  per  man 
per  day  is  loaded  by  the  use  of  steam  shovels. 

Labor  Saving  In  Rock  Transportation. — A  simple  and 
direct  system  of  transportation  is  an  important  factor  in 
designing  a  new  quarry  plant.  Ease  of  transportation  de- 
pends greatly  on  the  situation  of  the  rock  ledge.  If  close 
to  transportation  lines  and  at  a  high  level,  conditions  are 
most  favorable.  A  shelf  quarry  with  its  floor  at  a  higher 
level  than  the  crusher  or  other  plant  operated  in  connection 
with  the  quarry  represents  the  most  favorable  condition, 
for  thus  transportation  may  be  accomplished  by  a  single 
operation. 

Gravity,  when  properly  utilized,  is  an  effective  substitute 
for  power,  and  it  should  therefore  be  utilized  for  transpor- 
tation purposes  wherever  possible.  A  New  Jersey  quarry 
makes  such  good  use  of  a  gravity  system  that  for  an  aver- 
age production  of  1.200  tons  of  rock  per  day,  transporta- 
tion within  the  quarry  requires  the  services  of  one  man 
only. 

At  one  New  York  quarry,  the  rock  is  hauled  to  the 
crusher  in  cars  by  locomotives,  all  subsequent  movements 
being  assisted  greatly  by  gravity.  The  plant  is  on  a  hill- 
side, the  crusher,  screens,  storage  bin,  and  railway  line  for 
final  haulage  being  at  successively  lower  levels.  Accord- 
ingly, the  movement  of  the  rock  is  automatic  and  requires 
little    or  no   supervision. 

Certain  types  of  equipment  tend  to  conserve  labor.  By 
means   of  a   central-control,   three-rail   electric   system   now 
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employed  in  certain  large  limestone  quarries,  several  thou 
sand  tons  o(  rock  may  be  delivered  from  the  steam  sliovi-l 
to  the  crusher  daily  with  the  employment  of  only  "J  or  :: 
men.  Aerial  tramways  and  various  types  of  cableways  are 
for  the  most  part   automatic  and  thus  require  little  labor. 

Rehandling  of  Material.  .\  fruitful  source  of  wasted  ef- 
fort Is  unnecessary  rehandling  of  material.  Rock  is  com- 
monly unloaded  and  reloaded  unnecessarily,  or  dumped  in 
places  that  require  excessive  labor  for  its  subsequent  re- 
moval. An  Instance  has  been  observed  where  a  small  per- 
centage of  a  type  of  rock  necessary  for  plant  operation  is 
brought  from  a  distance  and  mixed  with  the  main  supply 
of  rock  quarried  at  the  plant.  Such  rock  Is  carried  In  hop- 
per-bottom cars,  dumped  to  the  bottom  of  a  40-ft.  quarry 
pit.  reloaded  by  hand  into  carts,  hauled  by  mules  to  the 
fool  of  an  incline,  and  lifted  by  cable  to  the  crusher.  Such 
excessive  rehandling  may  be  due  to  lack  of  equipment  or 
to  faulty  plant  design. 

Size  of  Crusher. — The  size  of  the  crusher  employed  ha.s  a 
direct  bearing  on  the  labor  requirement,  not  only  in  the 
actual  crushing  operation  but  also  in  other  branches  of 
quarry  work.  A  prolific  source  of  wasted  labor  is  the  em- 
ployment of  a  small  crusher  for  rock  loaded  with  a  power- 
ful steam-shovel.  The  attempt  is  commonly  made  to  sub- 
stitute steam-shovels  for  handloading  methods,  and.  at  the 
same  time,  to  retain  the  small  crushers  usually  employed 
for  reducing  rock  loaded  by  hand.  Such  a  combination  of 
a  massive  loading  apparatus  with  a  small  crusher  has  a 
two-fold  effect  on  the  labor  requirement. 

For  steam-shovel  loading,  large  crushers  are  of  distinct 
advantage   in  the  conservation   of  labor. 

Type  of  Crusher. — Opinion  is  divided  as  to  the  best  type 
of  crusher  to  be  employed.  Gyratory  crushers  are  popular 
and  are  in  common  use.  Single  or  double  roll  crushers 
have  the  advantage  of  wide  mouths  that  are  not  readily  ob- 
structed by  blocks  of  stone.  A  jaw  crusher  fed  by  a  travel- 
ing apron  is  an  effectice  labor-saver. 

Devices  for  Removal  of  Jammed  Blocks. — The  jamming 
of  blocks  of  stone  in  a  crusher  mouth,  particularly  of  a 
gyratory  crusher,  is  a  common  occurrence.  If  adequate 
facilities  for  the  removal  of  such  blocks  are  not  provided, 
much  time  and  labor  may  be  wasted.  The  attempt  to 
loosen  blocks  of  stone  jammed  in  a  crusher  by  using  a  bar 
or  a  sledge  may  so  delay  the  crusher  that  other  related  op- 
erations, particularly  transportation,  may  be  temporarily 
suspended.  It  is  wise,  therefore,  to  equip  rock-crushing 
plants  with  mechanical  devices  to  be  used  in  such  emergen- 
cies. The  use  of  rope  tackle  or  a  pneumatic  hoist  is  com- 
mon, and  either  renders  eflUient  service.  Where  such 
equipment  is  available,  delays  of  one-half  to  three-quarters 
of  an  hour  that  ensued  from  the  employment  of  old-time 
methods  may  be  reduced  to  delays  of  two  to  three  minutes' 
duration    onlv. 


Average  Loads  in  Team  Hauling  on 
Country   Highways 

The  following  observations  on  hauling  by  horses  on  an 
ordinary  country  highway,  approximately  38  miles  In  length, 
were  made  during  the  construction  of  a  storage  dam  at 
Aziscohos.  Me.,  in   1910: 

The  best  period  for  hauling  was  from  Dec.  1  to  Jan.  15. 
when  sleds  could  be  used.  The  average  load  during  that 
period  was: 

Kour-horHo  learn p,  r,Tin  lb 

PIv.'-horMe    team     '   sifiOO  lli 

Slx-hfirsi-    team    lii.ino  lb 

AvoiaBr    load    per   lor.i"    l.iiSO  lli. 

During  the  best  period  of  summer  hauling  the  average 
loads  were  as  follows: 

Four-horse  team    5  750  lb 

Six -horse    team    8|400  lb' 

AveraKe    load    per   horse    1,130  lb. 

During  the  most  adverse  conditions  of  hauling  the  average 
loads  were  as  follows: 

Four-horso    team     4  SOO  lb 

Klve-hor.-'e    team    .'.'],'  J  200  lb 

Rlx-horse  team   !'.!!!!  7200  lb 

Avemtre  load  per  home   li220  lb 


Relative    Life   of   Manganese   and 
Open  Hearth  Rail  on  Curves 

Interesting  information  on  the  wear  of  rails  on  the  curves 
of  the  Chicago  Klevated  Kallroad  Is  given  by  Mr.  H.  W.  Rob- 
erts. Assistant  Knglneer  of  Maintenance  of  Way,  in  an  ar- 
ticle In  the  Kleclric  Railway  Journal,  from  which  the  mat- 
ter following  is  abstracted. 

The  curves  on  which  the  measurements  were  taken  are 
all  laid  with  8ii-lb.  rail.  A.S.C.E.  section,  and  are  all  guarded. 
The  throatway  between  the  running  rail  and  the  guard  rail 
is  2  in.  on  the  short-radius  curves,  and  2<4  in.  on  curves 
having  radii  of  more  than  500  ft.  The  elevation  of  the 
outer  rail  is  not  uniform  on  the  various  curves,  on  account 
of  special  conditions  which  must  be  met,  but  in  general  it 
will   run   about  as  follows:      For  curves   having   radii   less 


Curves    Showing    Comparative    Wear   of    Open-Hearth    and    Man- 
ganese  Steel    Rails  on  Curves. 

I  irlginal  area  of  head  of  SO-lb.  rail 3..W  .sq.  in. 

.\rea  of   head  of   worn   rail 2.05  sq.  In. 

than  250  ft..  4  in.;  250  ft.  to  500  ft..  3  in.;  more  than  500 
It.,  2  in. 

Fig.  1  shows  the  comparative  wear  of  open  hearth  and 
manganese  steel  rails  on  the  curves.  The  unit  of  wear 
which  is  used  is  the  reduction  in  the  area  of  the  head  of 
the  rail  in  square  inches  per  100.000  cars;  and  It  was  so 
taken  in  order  that  the  measurements  made  on  the  differ- 
ent branches,  where  the  traffic  varies  widely,  might  be  re- 
duced to  the  same  basis.  The  total  wheelage  over  each 
curve  was  arrived  at  by  taking  the  traffic  for  representatlTC 
days  and  applying  this  as  a  unit  over  the  entire  period. 
There  Is.  undoubtedly,  a  small  error  in  the  totals  arrived  at 
in  this  manner,  but  the  percentage  of  error  Is  so  small  that 
it  is  negligible. 

The  maximum  wear  was  found  to  have  been  reached 
when  the  area  of  the  head  of  the  rail  had  been  reduced  by 
1.25  sq.  in.  This  was  arrived  at  by  taking  a  number  of 
sections  of  rail  which  had  been  removed  from  the  track,  or 
which  was  so  badly  worn  that  its  removal  was  an  Imme- 
(iiate  necessity. 

The  equipment  at  the  present  time  consists  of  1.095  motor 
cars  and  575  coaches,  the  average  weight  of  all  equipment 
being  50,000  lb.  per  car.  The  heaviest  cars  are  the  steel 
motors  which  weigh  (^9. "00  lb..  41.000  lb.  on  the  motor  truck 
and  IS. 000  lb.  on  the  trailer  truck,  while  the  lightest  are  the 
coaches,  which  weigh  33.000  lb. 

These  cars  are  all  equipped  with  M.C.B.  standard  rolled- 
steel  wheels.  34  In.  in  diameter  on  the  motor  trucks  and 
31  in.  in  diameter  on  the  trailer  trucks.  The  motor  cars 
are  each  equipped  with  two  IfiO-HP.  motors,  are  braked 
at  a  high  percentage,  and  are  operated  In  multiple-unit 
trains  of  from  two  to  six  cars  each.  The  number  of  coaches 
per  train  bears  about  the  same  relation  to  the  total  num- 
ber of  cars  per  train  as  the  total  number  of  coaches  bears 
to  the  total  number  of  cars  on  the  system. 
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Drilling  and  Blasting  in  Construc- 
tion of  Halifax  Ocean  Ter- 
minals Railway 

The  railwiy  approach  to  the  Ocean  Terminals  at  Halifax, 
N.  S..  commences  on  the  Canadian  Government  Ry.  between 
Fairview  and  Rockingham,  about  4  miles  from  the  old  deep 
water  terminals.  The  main  line  of  the  Halifax  Ocean  Ter- 
minals Ry.  will  be  .5  miles  long  and  double  track.  In  addi- 
tion there  are  two  yards  containing  a  total  of  46  miles  of 
track.  Owing  to  the  nature  of  the  rock,  which  varies  from 
a  carbonaceous  to  a  silicious  state,  badly  deformed  and  full 
of  faults  and  slips,  the  magnitude  of  the  work,  the  fact  that 
all  the  excavation  is  inside  the  city  limits,  and,  owing  to 
the  fact  that  the  railway  is  practically  all  in  excavation, 
making  it  possible  to  work  from  both  ends  only,  the  con- 
struction presented  many  interesting  features.  Some  of 
these  were  described  by  Mr.  B.  H.  Smith,  Resident  Engi- 
neer of  the  railway,  in  a  paper  presented  Sept.  13.  before 
the  Engineering  Institute  of  Canada.  An  abstract  of  Mr. 
Smith's   paper  follows: 

The  rock  throughout  the  work  w^s  water  bearing  to  the 
surface  and  in  some  cases  drill  holes  were  "flowing  wells." 
This  made  nearly  all  the  blasting  of  a  submarine  nature 
and  eliminated  the  use  of  black  powder  in  the  through  cuts. 
Owing  to  the  water  being  so  cold,  dynamite  could  not  be 
used  even  in  summer  weather,  and  after  experimenting 
with  other  grades,  60  per  cent  low  freezing  forclte  was  used. 

In  widening  out  in  the  Point  Pleasant  Terminal  yard. 
that  is.  after  the  water  level  had  been  lowered,  "coyotes'' 
were  driven  and  black  powder  used.  The  drilling  and  shoot- 
ing had  always  to  be  kept  well  in  advance  of  the  shovels 
for  economical  operation. 

About  3,200.000  lb.  of  explosives  were  used:  and  2,250,000 
cu.  yd.  of  material  have  been  blasted.  Some  of  the  rock, 
especially  in  Fairview  cutting,  had  to  be  blasted  several 
times.  . 

There  has  been  no  loss  of  life  or  even  accident  to  em- 
ployes or  the  public  due  to  explosives  and  the  property  dam- 
age done  is  inconsiderable.  This  is  remarkable  when  the 
amount  of  explosive  used,  the  nature  of  the  rock,  the  num- 
ber of  missed  holes  in  the  early  stages  of  the  work,  all  the 
work  being  inside  the  city  limits  and  the  difficulty  of  keep- 
ing sightseers  off  the  right-of-way  are  all  taken  into  con- 
sideration. Everything  possible  was  done  to  insure  safety 
to  the  public  as  well  as  to  employes.  Before  a  shot  was 
fired,  men  were  sent  around  to  warn  residents.  In  the  case 
of  aged  or  sick  people  automobiles  were  furnished  to  take 
them  out  of  the  danger  zone,  and  the  contractor's  doctor 
looked  after  the  moving  of  them  when  necessary.  Men 
were  sent  out  along  all  streets  and  roads  to  keep  the  peo- 
ple back;  the  steam  shovels  and  locomotive  blew  a  series 
of  short  blasts  of  their  whistles  and  allowed  sufficient  time 
for  everyone  to  get  to  cover  in  case  spawls  should  fly.  'When 
shooting  along  the  Xorth  'West  Arm,  motor  boats  were  used 
to  patrol  and  keep  boaters  out  of  the  danger  zone. 

The  plant  was  for  the  most  part  worked  continuously  day 
and  night  in  summer  and  winter. 

The  Fairview  cut,  which  was  opened  in  September.  1913, 
proved  to  be  a  difficult  piece  of  work.  The  rock  was  of 
slate  formation  all  on  edge  and  water  up  to  the  surface. 
The  slate  was  in  very  thin  layers  full  o^  faults  and  slips, 
pockets  of  rotten  rock,  and  had  no  regular  formation.  There 
was  an  overburden  of  composite  material,  including  "hard- 
pan."  "boulders"  and  rotten  rock.  The  greatest  difficulty 
was  in  drilling  and  shooting.  It  was  found  impossible  to 
spring  the  holes,  as  the  shock  of  springing  caused  the  holes 
to  cave  and  they  were,  of  course,  lost.  Then  it  was  decided 
to  use  all  6-in.  well  drills  and  place  the  holes  closer  together 
and  shoot  without  springing.  A  number  of  spacings  were 
used,  but  none  with  satisfactory  results.  Two  coyotes  were 
driven  and  shot,  but  they  proved  a  failure.  It  was  almost 
impossible  to  drive  the  coyotes  on  account  of  the  water. 
Even  with  the  well  drill  holes  carried  down  6  ft.  below  grade 
the  bottom  was  full  of  "bones"  which  had  to  be  taken-up 
with  piston  drills  and  light  shots.  During  this  process  the 
fcoles  were  loaded  as  soon  as  the  drilling  was  completed  in 


crder  to  avoid  losing  them.  There  was  a  lot  of  trouble  with 
explosives  and  at  one  time  about  50  per  cent  of  the  holes 
would  miss.  A  surprising  amount  of  powder  was  dug  out 
by  the  shovel,  some  of  which  was  dead,  due  to  the  action 
of  the  water.  The  powder  that  was  alive  was  shot  by  add- 
ing a  couple  of  fresh  sticks  and  a  new  exploder.  After  a 
lot  of  experiments  by  explosive  company's  experts  it  was 
found  that  the  cause  of  the  trouble  was  the  action  of  the 
water  on  the  exploders.  From  then  on  "waterproof  ex- 
ploders" were  used  and  these  for  a  time  did  away  with 
"misses." 

There  is  a  large  flow  of  water  in  this  cut  and  it  would  ap- 
pear that  it  will  always  be  "wet."  When  shot,  this  rock 
digs  easily,  as  it  breaks  small.  The  water  seems  to  be  the 
life  of  it. 

The  amount  of  explosives  used  to  break  this  rock  was 
1.7  lb.  60  per  cent  low  freezing  forclte  per  cubic  yard.  The 
cost  was  increased  owing  to  the,  large  amount  of  casing 
pipe  that  had  to  be  used  on  account  of  caving  holes.  Some 
casings  had  to  be  driven  to  grade. 

The  drilling  in  the  Quinpool  Road  cut  was  done  with  6-in. 
diameter  electric  'Cyclone"  drills  and  all  holes  were  drilled 
6  ft.  below  grade  and  not  sprung.  Excepting  the  first  50O 
ft.  the  rock  was  fairly  ^sy  to  drill.  There  was  a  varied  as- 
sortment of  rock  in  this  cut,  some  very  soft  and  some  very 
hard.  This  made  it  ditflcult  to  judge  the  amount  of  explo- 
sives to  use,  as  several  kinds  of  rock  were  encountered  in 
each  shot.  Some  of  the  pockets  of  rock  were  so  soft  and 
spongy  that  the  100-ton  steam  shovel  could  almost  dig  it 
without    shooting. 

There  was  a  considerable  amount  of  trouble  with  the  first 
tew  shots  owing  to  missed  holes.  After  careful  investiga- 
tion it  was  found  that  the  exploders  were  going  dead  soon 
after  they  touched  the  water.  (There  was  a  lot  of  water  in 
this  cut.)  The  exploders  were  then  dipped  in  roofing  pitch 
before  being  used  and  this  eliminated  the  trouble  as  all  the 
holes  exploded  after  the  exploders  were  pitched.  One  hun- 
dred holes  were  shot  at  a  time  in  four  independent  series, 
each  series  having  a  separate  lead  of  220  volt  line.  Two  ex- 
ploders were  put  in  each  hole  and  each  of  these  connected 
in  a  different  series.  This  method  reduced  the  possibility 
of  "misses."  The  Electric  Power  Co.'s  current  was  used 
for  all  big  shots.  Batteries  have  not  been  used  for  shooting 
on  any  part  of  the  work  since  May,  1914,  excepting  for 
springing  and  blockholes.  The  contractors  have  a  power 
line  along  the  right-of-way  from  the  electric  company's 
powerhouse  to  Fairview.  Immediately  before  firing  a  big 
shot  the  voltage  is  tested  by  the  contractor's  electrician. 
When  possible  to  get  it,  4-in.  "forcite"  was  used  in  well 
drill  holes  as  it  is  easier  to  handle.  The  bottom  was  well 
broken  and  only  a  few  "boxes"  were  encountered  except- 
ing  between    shots. 

The  percentage  of  explosives  used  was  about  1.0  lb.  of 
60  per  cent  "forcite"  to  the  cubic  yard  of  rock.  Casing  pipe 
was  driven  through  the   (overburden)  and  rotten  rock. 

Some  of  the  worst  work  on  the  line  was  encountered  in  Co- 
burg  Road  section.  The  cut  is  48  ft.  deep  at  the  deepest 
point.  The  rock  is  blue  in  color,  hard  and  full  of  faults. 
Owing  to  the  depth  it  was  necessary  to  take  it  out  in  two 
lifts.  Shortly  after  starting  on  this  cut  an  injunction  re- 
straining the  contractors  from  "shooting  in  a  manner  that 
would  throw  stones,  mud  or  other  missiles  on  adjoining 
gardens  or  houses."  was  placed  upon  the  work. 

It  will  readily  be  seen  that  this  injunction  proved  a  draw- 
back to  the  contractors.  While  spawls  only  flew  from  blasts 
in  a  few  cases  previous  to  the  injunction,  they  were  now 
liable  if  a  few  stray  spawls  got  free  even  if  they  did  no 
damage.  To  try  and  avoid  rock  flying,  all  the  holes  which 
were  6-in.  diameter  were  heavily  sprung.  This  had  very 
disastrous  results,  for  while  the  holes  did  not  ca-ve,  the 
springing  opened  up  the  seams  and  when  the  main  shots 
were  fired,  the  rock  broke  so  large  that  it  was  almost  im- 
possible to  dig  it,  and  had  to  be  all  gone  over  and  plugged. 

After  the  first  lift  was  excavated  the  shovel  moved  back 
and  excavated  the  Quinpool  Road  cut  to  grade  while  this  cut 
was  being  drilled  to  grade.  Electric  cyclones  were  again 
used  and  all  holes  were  drilled  6  ft.  below  grade.  These 
holes  were  shot  without  springing,  and  while  the  result  was 
much  better  than   on  the  first   lift   there  was  a  great  deal 
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of  trouble  in  excavating,  the  Bhovel  not  making  more  than 
."i!t  per  cent  of  its  usual  yardase.  The  nature  and  forraa- 
lion  of  the  rock  and  the  necessity  of  IlKht  blasting  owing 
lo  the  injunction  are  principally  responsible  for  this. 

The  drilliriK  on  the  section  from  South  SI.  to  Bowen  Road 
was  all  done  with  C-in.  diameter  eU-cirlc  well  drills.  The 
holes  were  drilled  6  ft.  below  grade  and  were  shot  without 
^.p^inging.  The  amount  of  overlay  varied.  In  some  places 
there  were  several  feet  and  In  other  places  none.  Steel 
casing  pipe  was  used  through  overlay  and  rotten  rock. 

Very  little  trouble  was  experienced  with  the  shooting  of 
this  section,  the  contractors  protUing  by  their  experience 
on  other  sections,  but  there  was  considerable  dllliculty  with 
ihe  drilling.  When  excavating  it  was  found  that  the  rock 
was  fairly  well  broken,  but  that  the  toe  on  the  left  (which 
is  the  uphill  side)  broke  light  for  most  of  the  distance  and 
toe  holes"  had  to  be  drilled  and  shot.  The  rock  was  hard 
and  broke  large;  owing  to  the  dip  of  Ihe  rock  some  of  the 
shots  spilled  out  lo  the  right  or  west  and  lower  side,  but 
not  seriously. 

An  average  of  1.0  lb.  of  forclte  per  cubic  yard  was  used  to 
break  this  rock. 

The  cut  for  the  main  line  and  lead  tracks  gradually  in- 
creased in  width  from  40  ft.  at  subgrade  stations  222,  to 
:'70  ft.  at  station  244  and  decreases  in  depth  from  60  ft.  at 
222  to   45   ft.  at   244. 

In  the  early  part  of  1914  one  lift  25  feel  deep  and  about 
f.O  ft.  wide  was  drilled  and  shot.  From  station  236  west  the 
rock  was  very  hard  and  broke  big.  causing  a  lot  of  delay 
lo  the  shovels.  After  the  first  lot  of  shooting  was  done,  it 
was  discovered  that  more  explosives  were  required  and  the 
holes  would  have  to  be  closer  I  gether  to  break  the  rock 
satisfactorily,  as  a  lot  of  the  rock  already  shot  had  to  be 
block-holed  before  the  shovel  could  dig  it. 

.\fler  getting  down  25  to  .'iO  ft.  in  the  cut  and  so  drawing 
off  the  water,  coyotes  were  driven  to  slope  on  the  right  or 
.<outh  side  to  get  out  to  width.  These  were  loaded  with 
black  powder  and  gave  good  results. 

The  cut  was  then  all  cleaned  up  and  made  ready  for 
drilling  to  grade.  Six-inch  diameter  steam  cyclone  drills 
started  at  station  222  and  worked  east  to  station  324  and 
troni  234  to  Young  Ave.,  steam  piston  and  temple  electric 
drills  were  used.  The  holes  drilled  by  steam  piston  and 
temple  electric  drills  were  6  ft.  below  grade  and  spaced  in 
ti.  7  and  8-ft.  squares,  dependent  upon  the  nature  of  the 
.-ock.  These  holes  were  all  sprung  and  were  thoroughly 
lamped  with  sand  while  being  sprung  to  avoid  caving.  After 
eiifh  spring  this  tamping  had  to  be  pumped  out,  making  the 
springing  process  slow  and  costly.  There  were  also  a  num- 
ber of  holes  lost  in  springing.  The  cyclone  holes  were  6  ft. 
below  grade  and  were  shot  without  being  sprung.  The  rock 
in  the  bottom  is  harder  than  on  top.  but  nearly  all  the  rock 
in  the  cut  is  hard  and  breaks  large. 

Several  methods  of  drilling  have  been  used.  Well  drill 
holes  were  not  sprung,  but  while  piston  and  temple  drill 
holes  were,  it  was  proven  that  even  if  the  rock  will  stand 
springing.  It  is  a  mistake  to  do  so,  owing  to  opening  up  the 
seams  and  that  the  best  results  are  obtained  from  6-in.  di- 
ameter holes  shot  without  being  sprung. 

Four  inch  diameter  forclte  when  available  was  used  in  all 
well  drill  holes.  The  rock  on  the  south  side  breaks  to  a 
good  uniform  slope,  but  the  north  side  is  full  of  slips  and 
laults  and  there  was  some  difJiculty  in  getting  regular 
i:lopcs. 

Early  In  1916  this  cut  was  widened  out  to  slope  on  the 
north  side.  Coyotes  were  driven  and  as  the  portion  of^he 
(ut  already  excavated  to  grade  was  shot  well  below  grade 
these  coyotes  kept  dry.  Black  powder  was  used  In  coyotes 
with  sufTlclent  forclte  to  explode  It.  The  powder  was  placed 
in  the  coyotes  in  kegs  and  these  kegs  were  thoroughly  wa- 
terproofed with  roofing  iiil<h  before  being  used. 

This  method  of  shooting  gave  the  best  results  obtained 
but  as  already  noted,  black  powder  could  not  be  used  in 
Ihe  through  cut  owing  to  the  water  In  Ihe  rock. 

In  tile  early  stages  of  Ihe  work  at  Point  Pleasant  Ter- 
minal yard  there  was  a  considerable  amount  of  trouble  with 
lirllling  and  shooting.  The  bottom  was  hard  to  break,  but 
this  was  overcome.  Coyotes  were  driven  widening  out  on 
Ihe  west  side,  and  these  gave  very  good  results,  as  well  as 


being  somewhat  cheaper  than  drilling.  The  rock  In  this 
yard  is  all  shaken  and  on  edge,  the  formation  very  Irreg- 
ular, very  hard  to  drill  and  the  explosives  lost  a  lot  of 
power  In  the  seams. 

Where  the  cut  Is  under  3)i  ft.  in  li-in.  depth  diameter  elec- 
tric "cyclone"  drills  wore  used  and  these  holes  were  drilled 
!•  ft.  below  grade  and  shot  without  springing.  Where  the 
cut  was  deeper  than  30  ft.  coyotes  were  driven.  Black  pow- 
der was  used  in  coyotes  and  60  per  cent  low  frei-zine  fcircite 
i;sed    in    drill    holes. 


Drillinji  Holes  in  Concrete  Roof  of  Tunnel 
with  Hammer  Drill 

In  the  construction  of  the  Dorchester  Tunnel,  between 
Broadway  Station  and  Andrew  Square,  Boston.  .Mass.,  the 
Boston  Klevated  Ry.  Co.  made  effective  use  of  a  hammer 
drill  in  drilling  t;-in.  by  "Hi-in.  holes  in  the  concrete  roof  of 
the  tunnel. 

The  holes  are  necessary  for  anchoring  the  trolley  wire 
blocks.     They  must  be  drilled  in  sets  of  four  and  as  there 


Arr.ingenent   (or   DrIIIIno   Hoes   in   Tur 
Roof  for  Anclioring  Trolley   Wire  Blocks. 

is  no  give  in  the  trolley  blocks,  which  are  of  maple  weod. 
Ihe  holes  must  be  drilled  to  gauge. 

The  operator  was  able  to  easily  drill  a  hole  In  3  or  4 
ininuies.  Some  dllliculty  was  experienced  by  striking  Iron 
reinforcement  rods  which  were  enibeilded  about  2V4  In. 
deep  In  the  roof  of  the  tunnel  and  which  were  struck  fre- 
(luently.  However,  it  was  easy  to  shift  the  machine  by  just 
cndolng  the  two  bolts  on  slide  arm  and  moving  1  In.  away 
from  the  old  hole.  .\  Hummer  drill,  manufactured  by  the 
Chicago  Pneumatic  Tool  Co.,  was  used  for  this  work. 
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Methods  and  Machinery  for  Sink- 
ing Shaft  at  Seneca  Mine 

In  sinking  a  shaft  at  Mohawk,  Mich.,  for  the  Seneca  Min- 
ing Co.,  the  progress  made  established  a  record  for  similar 
work  in  the  Lake  Superior  District.  The  methods  employed 
in  this  work  were  described  by  Mr.  W.  V.  Featherly  in  En- 
gineering &  Mining  Journal,  to  which  we  are  indebted  for 
the  matter  in  this  article. 

The  shaft  will  be  vertical  to  a  point  1,4.j0  ft.  from  the 
surface.  It  then  follows  a  400-ft.  radius  curve  to  meet  the 
Kearsarge  lode,  which  drops  at  an  angle  of  34°  from  the 
horizontal. 

The  shaft  is  to  be  of  four  compartments,  having  two  skip- 
ways,  one  ladderway  and  one  pipe  compartment.  Over-all 
dimensions  of  the  excavation  are  11  ft.  4  in.  x  21  ft.  4  in. 
and  steel  sets  of  5-in.  H-beam  construction  are  placed  at 
from  6  to  S-ft.  centers,  depending  upon  the  nature  of  the 
ground.  These  sets  are  put  in  so  that  they  are  placed  4 
ft.  from  the  bottom  when  the  ground  is  soft,  up  to  .30  ft. 
from  the  bottom  when  the  ground  is  hard.  The  lagging  is 
of  2-in.  hard  wood. 

A  double-drum  steam  hoist  operates  two  36-cu.   ft.  buck- 


Fig.   1 — Order  of   Blasting  at  Seneca   Shaft. 

ets.  Air  is  furnished  by  one  Sullivan  tandem-compound, 
Corliss  steam-driven  compressor,  and  one  class  \VB-2  Sul- 
livan straight  line,  simple  steam,  two-stage  air  compressor 
is  installed  as  a  reserve.  At  the  beginning  of  operations  S 
Sullivan  DP-33  air  tube  rotators  and  8  hand  hammer-drills 
of  another  make  were  in  use.  It  was  soon  obvious  that  the 
Sullivan  rotators  were  securing  better  results.  Four  more 
Sullivan  rotators  were  purchased  in  April,  and  since  that 
time  11  have  been  in  constant  operation,  and  two  kept  as 
spares.  The  header,  shown  in  an  accompanying  cut.  is  con- 
nected to  the  main  air  line  by  a  3-in.  hose'  and  is  supported 
in  the  center  of  the  shaft  whi^g  drilling  by  means  of  a  cable 
leading  from  the  steel  framework.  There  are  11  hose  lines, 
each  14  ft.  long  and  leading  from  the  bottom  of  the  header 
to  the  drills:  also  one  connection  for  a  blowpipe. 

Excavation  was  begun  on  Feb.  13  during  severe  weather 
conditions  as  well  as  other  handicaps.  Water  froze  in  the 
buckets,  there  were  no  steam  lines  installed  in  the  shaft- 
house,  and  the  rock  had  to  be  trammed  by  hand.  Three 
i:hifts  were  worked,  with  only  4  or  5  men  on  a  shift,  and 
under  these  conditions  progress  was  slow.  During  Feb- 
ruary, 51  ft.  was  sunk,  and  in  March  113  ft.,  with  conditions 
about  the  same.  Early  in  April  the  rock-disposal  haulage 
outfit  was  completed,  the  headframe  inclosed,  and  steam 
heating  coils  were  installed,  so  that  154  ft.  of  shaft  was 
sunk  during  that  month.  By  increasing  wages  50  ct.  per 
day  the  management  was  able  to  secure  sufficient  men  by 
May  1,  and  since  that  time  the  work  has  been  carried  on 
at  full  capacity,  the  crew  averaging  10  men  and  1  shift- 
boss  per  shift,  and  working  3  shifts. 


During  May  208  ft.  was  sunk  in  27  working  days,  and 
this  rate  was  maintained  in  June,  when  195  ft.  was  sunk  in 
25  working  days.  This  figure  would  have  been  exceeded 
had  not  the  men  encountered  loose,  soft  ground,  which 
caused  considerable  delay,  as  it  was  necessary  to  keep  the 
steel  work  close  to  the  bottom  of  the  shaft  to  guard  against 
loose  rock  falling  on  the  men. 

Bonus  System  for  Workmen, — The  bonus  system  which  has 
been  adopted  consists  of  the  following:  The  men  receive  a 
flat  rate  per  day  up  to  the  first  100  ft.  per  month;  2  ct.  per 
toot  per  day  for  all  over  100  ft.  up  to  150  ft.  per  month:  3 
ct.  per  foot  per  day  for  all  over  150  ft.  up  to  200  ft.  per 
month,  and  4  ct.  per  foot  per  day  for  all  over  200  ft.  per 
month.  This  provides  an  incentive  for  the  men  to  work 
hard,  and  each  shift  tries  to  send  up  more  rock  than  the 
previous  one.  The  shifts  are  well  organized,  and  the  same 
men  have  their  regular  work  to  do  each  time  they  blast.  Two 
men  attend  to  the  raising  and  lowering  of  the  header,  which 
is  hooked  on  the  bottom  of  one  bucket.  The  drills  are  taken 
up  in  the  other  bucket.  One  man  looks  after  the  main  wires 
while  the  others  are  charging  the  holes  and  getting  the  tools 
up.  The  last  two  men  connect  the  main  wires.  One  of  them 
inspects  everything  at  the  last  minute  and  carries  the  key 
to  the  blasting  switch. 

Charging  and  Blasting. — In  blasting,  electric  igniters  and 
blasting  caps  are  used.  The  bottom  of  the  deeper  holes  is 
charged  with  60  per  cent  powder,  45  per  cent  being  used  in 
the  remainder.  The  average  depth  of  hole  is  8  ft.,  and  the 
round  of  45  holes  is  drilled  in  from  2i^  to  3  hours.  The 
"sink"  is  made  with  a  double  V-cut.  and  is  shot  in  two  sep- 
arate blasts,  the  cut  holes  being  fired  first.  In  Fig.  1.  cut 
holes  numbered  1.  2,  3  and  4  are  shot  in  that  respective 
order  with  instantaneous  and  delay  caps.  If  all  of  these 
holes  break  satisfactorily,  the  squaring  holes  numbered  5, 
6  and  7  are  set  oit.  This  plan  insures  the  breaking  of  the 
sink  holes  before  the  ends  of  the  shaft  are  squared.  Thus 
far,  2  lb.  of  explosive  per  cubic  yard  of  rock  has  been  the 
average. 

Eight  construction  men  are  employed  in  placing  sets  while 
the  men  are  drilling  and  not  using  the  buckets.  In  drilling, 
■'■'g-in.  holloa-  drill  steel  is  used,  and  this  is  sharpened  and 
shanked  by  machine. 

Ventilation  is  secured  by.  means  of  a  7%  HP.  blower  which 
forces  fresh  air  through  a  16-in.  Flexoid  tube.  With  this 
equipment  it  is  possible  to  return  to  the  bottom  of  the  shaft 
in  less  than  10  minutes  after  blasting.  Light  is  furnished 
at  the  bottom  of  the  shaft  by  two  factory  domes,  with  four 
100-watt  lamps  in  each  dome.  The  men  are  required  to 
wear  special  hard  hats,  made  of  felt,  treated  with  resin  and 
shellac,  which  will  resist  a  severe  blow.  Movable  soUars, 
made  of  steel  plates  and  operated  by  levers,  are  placed  over 
the  two  compartments  used  for  loading  supplies  in  buckets. 
When  the  bucket  hangs  at  the  brace,  the  lever  is  thrown 
and  the  plates  close  in  around  the  bucket,  making  practically 
a  complete  cover  over  the  compartment.  Electric  signals 
are  employed   throughout. 


Zoning  System  Saving  Millions. — The  U.  S.  Fuel  Admin- 
istration announces  that  estimates  made  earlier  in  the  fuel 
year,  that  approximately  11)0,000,000  car  miles  would  be 
saved  in  the  coal  year  through  the  operation  of  the  zone 
system  for  the  distribution  of  bituminous  coal,  are  being 
fully  realized.  This  method  of  distribution  was  established 
so  that  the  coal  supply  of  all  sections  of  the  country  should 
normally  be  derived  from  mines  relatively  near,  thus  pre- 
venting abnormal  and  wasteful  transportation  movemen's, 
and  insuring  more  equal  distribution  of  cars  to  the  mines 
and  the  more  steady  emplojinent  of  mine  labor. 


Chicago  Highway  Convention  Postponed. — Due  to  an  im- 
portant meeting  of  the  War  Tervice  Committees  of  the 
United  States  Chamber  of  Commerce,  it  has  been  deemed 
advisable  to  postf)one  the  meeting  of  the  American  Asso- 
ciation of  State  Highway  Officials  and  the  Highway  Indus- 
tries Association  to  the  week  of  Dec.  9  to  13,  the  date  of 
the  joint  meeting  to  be  Dec.  11  and  12. 
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The  Use  of  Reinforced  Concrete 
in  Marine  Works 

Muss  coiurct»-  has  been  used  in  tho  dfvelupiuenl  of  har- 
bors for  prat  tically  eh  long  a  time  us  It  has  been  used  on 
land,  but  the  use  of  comparatively  light  concrete  structures, 
leinforced  with  steel  embedded  In  them,  only  commenced 
with  the  present  century  and  there  are  few.  If  any,  rein- 
lorced  concrete  marine  structures  of  greater  age  than  15^ 
years.  In  that  short  time,  however,  it  has  been  used  ex- 
tensively in  every  continent  and  In  practically  every  harbor 
and  port  of  Importance.  In  a  paper  presented  at  the  Third 
General  Professional  meeting  of  the  Engineering  Institute 
of  Canada.  Mr.  A.  F.  Dyer  gave  an  Interesting  outline  of 
some  of  the  uses  to  which  reinforced  concrete  has  been 
put  in   various  harliors.     .An  abstract  of  the  paper  follows: 

Reinforced  Concrete  Piles  In  Harbor  Work.— One  of  the 
first  uses  made  of  reinforced  contrett-  was  in  tlie  manu- 
facture of  concrete  piles  to  talie  the  place  of  timber  piles. 
The  first  piles  made  were,  as  a  rule,  comparatively  small, 
being  not  more  than  12  In.  round  or  square,  and  their  life 
in  consequence  did  not  prove  long. 

Reinforced  concrete  piles  are  used  in  English  ports,  large 
numbers  of  H  in.  and-  Ifi  in.  piles  having  been  used  in  the 
improvement  works  of  the  port  of  Ix)ndon  since  1911.  but 
the  tendency  there  of  late  years  has  been  to  drive  the  piles 
in  groups  of  two.  three,  four  or  more  piles  which  are  en- 
closed In  reinforced  concrete  cylinders  sunk  to  a  level  be- 
low dock  bottom  and  filled  solid  with  concrete.  These  cyl- 
inders reach  to  high  water  level  and  support  the  posts  and 
braces  carrying  the  pier  deck. 

A  jetty  built  recently  at  Tilbury  Docks,  I>ondon,  is  1000  ft. 
long  by  50  ft.  wide  and  is  supported  on  three  longitudinal 
rows  of  such  cylinder  piers.  The  center  row  cylinders  are 
7  ft.  6  in.  In  diameter  containing  eight  piles  while  the  outer 
rows  are  of  5  ft.  6  In.  diameter  cylinders  with  four  piles  in 
each. 

In  Senegal.  French  'U'est  Africa,  previous  to  the  war 
nearly  4.000  lin.  ft.  of  reinforced  concrete  pile  wharves  were 
built  entirely  by  the  native  .-Vfrican  labor  under  the  super- 
vision of  a  few  French  engineers.  The  piles  used  were  13  in. 
and  16  in.  octagonal  spaced  !.■?  ft.  and  16  ft.  apart  and  carry- 
ing a  reinforced  concrete  deck  of  beam  and  slab  construc- 
tion. Salt  water  was  used  in  mi.xing  the  concrete  for  this 
work,  which  practice  is  not  one  to  be  recommended  in  re- 
inforced concrete  work. 

In  a  paper  read  before  the  Institution  of  Civil  Engineers 
and  published  in  Vol.  188  of  the  Proceedings,  S.  H.  Ellis  de- 
scribes the  construction  of  a  reinforced  concrete  wharf  l.lfiO 
ft.  long  by  174  ft.  wide  at  Lower  Pootung,  Shanghai.  The 
bottom  there  consists  of  mud  to  a  depth  of  over  400  ft.,  the 
top  2o  ft.  of  this  as  a  rule  forming  a  fairly  solid  crust  of  stiff 
sandy  clay  which  has  to  be  depended  on  for  carrying  loads. 

The  piles  used  are  14  in.  square  driven  in  groups  of 
four.  15  ft.  center  to  center  of  groups.  The  heads  of  the 
piles  were  cut  down  to  a  level  between  low  and  high  water 
and  there  capped  with  a  concrete  cap  and  braced  with  a 
system  of  present  longitudinal  and  transverse  beams.  The 
pier  deck,  of  reinforced  concrete  beam  and  slab  construc- 
tion. Is  supported  on  15  in.  square  columns  resting  on  the 
pile  caps.  Diagonal  bracing  is  introduced  between  the  pile 
caps  and  the  deck. 

The  piles  were  driven  by  a  single  acting  steam  hammer 
operating  a  weight  of  7.800  lb.  dropping  6  In.  to  8  in.  .A  final 
ret  of  1  in.  per  blow  was  usually  obtained  which  was  found 
'  v  tests  to  have  sufficient  resistance  to  carry  the  designed 
load  of  about  2.">.000  lb.  per  pile  without  appreciable  settle- 
ment. Further  driving  of  the  piles  into  the  soft  mud  below- 
decreased  their  resistance.  Thi-  water  at  I-ower  Pootung  is 
fresh  and  after  three  years  no  rust,  stains  nor  cracks  were 
visible  on  the  pile  heads  or  super-structure. 

At  l.os  Angeles  reinforced  concrete  piles  have  been  used 
to  support  a  timber  floor  pier.  The  piles  are  20  In.  square 
at  their  bases  tapering  to  14  In.  and  17  In.  at  their  tops. 
They  were  not  driven,  but  a  hole  having  been  jetted  Into  the 
hard  sandy  clay  bottom  the  piles  were  set  in  the  hole  base 
downwards  and  then  consolidated  by  several  blows  from  a 
4500  lb.  hammer.     .\s  a  contrast  to  this,  may  be  mentioned 


I  he  practice  In  New  York  Harbor,  where  neither  the  teredo 
nor  til'-  llmnoria  Is  to  be  found,  of  using  timber  piles  to 
support  a  relnfiiried  concrete  deck  and  structural  steel  shed. 

Reinforced  Concrete  Sheet  Pile*  and  Cylinder  Piers. — Re- 
inforced c(jncrete  sheet  piles  to  form  low  retaining  ^°alls 
have  been  extensively  used  in  various  ports.  Walls  built 
In  Madras  Harbor  consisted  of  13  in.  and  18  in.  square  re- 
inforced concrete  piles  driven  by  water  jet  at  8  to  10  ft. 
centers,  depending  upon  conditions,  and  anchored  back  by 
steel  ties.  Reinforced  concrete  slabs  varying  In  thickness 
from  6  in.  to  15  in.  were  placed  at  the  back  of  the  piles,  the 
lowest  slab  having  a  chisel  shaped  edge  and  being  sunk  into 
the  sand  bottom.  The  height  of  these  walls  varied  from 
1(1  to  16  fl.  above  dock  bottom. 

The  use  of  reinforced  concrete  cylinder  piers  was  first 
started  at  San  Francisco  about  1906  when  two  shipping  piers 
each  686  ft.  long  by  130  ft.  wide  were  commenced.  The  cyl- 
inders are  3  ft.  6  In.  in  diameter  spaced  13  ft.  4  in.  apart 
transversely  and  15  ft.  longitudinally.  They  were  formed  by 
sinking  to  hard  bottom  circular  wooden  forms  built  strong 
enough  to  with.stand  driving  and  the  water  pressure  when 
emptied.  .Ml  soft  mud  and  water  were  then  removed  from 
inside  the  forms  before  they  were  filled  with  concrete.  Each 
cylinder  is  reinforced  with  eight  1  In.  square  bars  hooped  at 

9  in.  centers  with  \  In.  by  %  In.  bands.  The  decks  are  of 
structural  steel  I-beams  and  concrete.  Later  piers  built  at 
San  Francisco  are  of  the  same  type  but  with  all  reinforced 
concrete  decks. 

At  Valparaiso  a  coaling  pier  655  ft.  long  by  98  ft.  wide  has 
been  lately  completed.  This  pier  is  supported  on  76  rein- 
forced concrete  cylinders.  13  ft.  in  diameter  and  varying 
from  4C  to  82  ft.  in  length.  In  this  case  the  forms  were 
made  of  reinforced  concrete  in  sections  from  6  ft.  6  in.  to 
13  ft.  high  having  a  shell  thickness  of  8  in.  The  bottom  sec- 
tion of  each  cylinder  is  proved  with  a  cast  iron  cutting  edge 
and  into  each  section  are  moulded  cast  iron  jointing  rings 
for  the  purpose  of  bolting  the  sections  together.  The  sec- 
tions, were  built  up  and  bolted  together  inside  a  steel  tower 
supported  on  pile  staging  and  fitted  with  hydraulic  gear  so 
that  when  sufficient  length  to  come  above  the  water  level 
had  been  bolted  together  the  cylinder  could  be  lowered  to 
sea  bottom.  The  cylinder  was  then  sunk  to  the  required 
depth  by  excavating  inside  and  weighting,  further  sections 
being  bolted  on  as  It  went  down.  Eight  reinforced  concrete 
piles  were  then  driven  inside  each  cylinder  after  which 
the  cylinders  were  filled  with  concrete,  the  lower  portion  of 
which  was  put  in  under  water  to  form  a  seal  and  the  re- 
mainder was  put  in  after  the  water  had  been  pumped  out  of 
the  cylinder.  The  heads  of  the  cylinders  were  then  joined 
by  a  transverse  girder  of  reinforced  concrete  cast  in  place 
on  which  rested  a  deck  system  of  precast  beams  and  slabs. 

Reinforced  Concrete  Retaining  Walls. — Reinforced  con- 
crete retaining  walls  of  different  types  have  been  much 
used.  When  properly  designed  these  are  very  suitable  in 
places  where  stable  foundations  are  not  easily  obtained  and 
where  no  great  depth  of  water  alongside  the  wall  Is  de- 
sired. 

.■\t  Lower  Pootung,  where  the  deep  mud  foundations  exist, 
a  retaining  wall  495  ft.  long  and  with  a  height  of  21  ft.  6  In. 
above  dock  bottom  was  built  in  the  following  manner:  Cross 
rows  of  three  12  in.  square  piles  were  driven,  the  front  piles 
of  which  serve  as  king  piles  to  a  continuous  line  of  con- 
crete piles  which  in  turn  form  the  face  of  the  wall  up  to 
a  height  of  12  ft.  below  quay  level.  .\t  that  level  the  heads 
of  all  the  piles  are  connected  together  by  a  reinforced  con- 
crete supporting  a  nearly  vertical  slab  tied  back  to  the  deck 
by  counterforts  seven  feet  apart.  Anchor  ties  were  found  to 
be  necessary  and  were  put  In  at  20  ft.  centers  being  carled 
tack  to  the  foundations  of  a  shed  alongside  the  wall. 

In  Australian  ports  a  type  of  precast  wall  called  a  rein- 
forced trestle  w^ill  has  been  used  for  some  years  with  ap- 
parently good  results.  They  are  formed  with  precast  I> 
shaped  buttresses  which  are  set  at  regular  Intervals  on  a 
prepared    level    foundation.      These   buttresses    are    flanged 

10  hold  precast  reinforced  concrete  slabs  which  fill  In  the 
spaces  between  the  buttresses.  This  type  of  wall  has  been 
used  up  to  27  ft.  in  height  and  the  advantages  claimed  for  it 
are  economy,  stability  on  bad  foundations,  flexibility  where 
settlement   occurs   In    the   foundations,   rapidity   of  erection 
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and  greater  resistance  to  the  chemical  action  of  sea  water 
as  all  its  parts  are  seasoned  on  shore. 

The  ordinary  type  of  reinforced  concrete  retaining  wall 
having  inside  buttresses  and  vertical  and  horizontal  slabs 
all  cast  in  place  was  used  in  the  construction  of  a  pier  at 
Padstow,  Cornwall,  England,  which  is  800  ft.  in  length  by 
40  ft.  wide  and  which  carries  two  railway  tracks.  The  rise 
and  fall  of  the  tide  at  Padstow  is  about  20  ft.  The  founda 
tion  slab  consists  of  mass  concrete  resting  on  solid  rock  and 
it  varies  from  3  to  9  ft.  in  thickness  in  order  that  it  might 
be  finished  12  in.  above  low  water  of  spring  tides.  The 
height  of  the  vertical  wall  is  23  ft.  6  in.  Cross  ties  connect 
the  two  side  walls  at  intervals,  and  the  space  enclosed  by 
the  walls  was  filled  in  with  earth,  etc.  It  will  be  interesting 
to  know  how  long  this  structure  will  last,  as  its  location  is 
a  very. exposed  one. 

Reinforced  Concrete  Cribs. — Reinforced  concrete  cribs  or 
caissons  have  been  used  for  a  number  of  years  both  in 
Europe  and  America  in  the  construction  of  quay  walls  and 
breakwaters.  At  Norresundby  Harbor,  Denmark,  concrete 
caissons  32  ft.  6  in.  long,  8  ft.  4  in.  wide,  25  ft.  high  and 
with  a  thickness  of  wall  of  only  5.1  in.  at  their  base  and  3.5 
in.  at  their  tops,  were  built  on  shore  and  launched  sideways 
into  the  harbor.  No  failures  from  cracking  during  launch- 
ing occurred  but  the  wall  thickness  appears  to  be  too  light 
for  permanent  marine  work. 

At  Copenhagen  a  quay  wall  3,300  ft.  in  length  has  been 
constructed  using  reinforced  concrete  cribs  of  an  average 
length  of  162  ft.  each.  These  cribs  are  32  ft.  in  height  by  16 
ft.  wide  but  with  their  bottom  slab  spread  to  a  total  width 
of  23  ft.  The  front  and  back  walls  average  10 V2  in.  in  thick- 
ness and  are  stiffened  by  cross  beams  and  struts.  These 
cribs  were  filled  with  sand  and  capped  with  a  granite  faced 
wall  7  ft.  in  height  projecting  13%  in.  beyond  the  face  of  the 
crib  below.  The  granite  facing  is  carried  down  4  ft.  3  in.  be- 
low the  top  of  the  crib  for  which  purpose  the  front  wall  of 
the  crib  was  recessed.  These  cribs  were  built  in  a  temporary 
drydock  large  enough  to  accommodate  three  at  one  time  and 
the  concrete  used  in  their  construction  was  mixed  in  the 
proportions  of  1:   2;   3. 

Some  large  reinforced  concrete  cribs  have  been  lately 
used  at  Victoria,  B.  C.  These  averaged  80  ft.  long.  35  ft. 
wide,  39  ft.  high  and  2.500  tons  launching  weight.  They  were 
built  on  a  timber  pile  skeleton  wharf  and  launched  on  a 
cradle  down  a  slipway  situated  at  one  end  of  the  wharf.  Five 
construction  platforms  mounted  on  rollers  were  used.  When 
a  crib  was  launched  the  remaining  four  cribs  on  the  wharf 
were  pulled  along  one  space  and  the  empty  platform  taken 
from  the  crib  just  launched  was  towed  to  the  far  end  of  the 
wharf  and  pulled  up  on  the  tracks  by  means  of  a  short  in- 
cline ready  to  receive  the  forms  and  reinforcement  for  an- 
other crib. 

At  Valparaiso,  reinforced  concrete  monoliths  66  ft.  long. 
53  ft.  wide,  50  ft.  high  and  with  a  launching  weight  of  2,300 
tons  w'ere  used  in  the  construction  of  a  breakwater. 

Lighthouses,  in  different  countries,  have  been  built  either 
in  part  or  wholly  of  reinforced  concrete  which  material  is 
especially  suitable  for  such  works  when  properly  protected. 
Reinforced  concrete  has  not  yet  entered  the  field  of  dry- 
dock  construction  to  any  great  extent.  Several  docks  lately 
built  have  their  walls  or  floors  reinforced  in  part  but  they 
are  really  mass  concrete  docks  into  which  reinforced  steel 
has  been  introduced  to  take  care  of  some  probable  tensile 
stresses. 

Reinforced  Concrete  Hollow  Block  Wall. — In  Halifax  har- 
bor, since  1912,  there  have  been  used  three  types  of  rein- 
forced concrete  construction.  The  reinforced  concrete  pile 
wharf  is  xemplified  by  pier  No.  2,  the  concrete  cylinder 
wharf  by  the  Furness-Withy  pier  and  a  new  type  of  rein- 
forced concrete  hollow  block  wall  has  been  successfully 
used  at  the  Halifax  Ocean  Terminals. 

These  hollow  cellular  blocks  are  21  ft.  10  in.  on  face,  31  ft. 
from  back  to  front  and  4  ft  11/2  in.  high.  They  have  rein- 
forced concrete  walls  8  in.  thick  and  are  divided  by  internal 
partitions  into  twelve  cells  or  compartments.  A  standard 
block  weighs  621/2  tons  and  is  reinforced  with  1.49  per  cent 
of  steel.  These  blocks  are  set  on  a  prepared  foundation 
and  built  one  on  top  of  another  to  the  required  height.  The 
three    front    compartments    and    the    center    compartments 


running  from  front  to  back  are  filled  with  concrete.  The 
remaining  compartments  are  filled  with  concrete  up  to  the 
center  of  the  second  block  above  the  foundations,  the  balance 
being  filled  with  dredged  rock. 

At  a  level  of  1  ft.  below  low  water  of  spring  tides  the 
blocks  are  reduced  in  depth,  being  set  back  4  ft.  8  in.  from 
the  face  to  allow  of  the  building  of  a  granite  faced  concrete 
coping  wall.  In  this  type  of  construction  no  concrete,  plain 
or  reinforced,  is  exposed  above  low  water  level. 

Reinforced  Concrete  Pile  Wharf  (Pier  No.  2),  at  Halifax. — 
The  length  of  the  structure  is  800  ft.,  its  width  235  ft.  and  the 
depth  of  water  alongside  varies  from  34  ft.  to  57  ft.  below- 
low  water  of  spring  tides. 

The  piles  are  24  in.  square  in  cross  section,  reinforced 
with  eight  round  rods  of  size  varying  from  1  in.  to  1%  in.  in 
diameter  according  to  the  length  of  the  pile.  The  lengths  of 
the  piles  ranged  from  47  ft.  to  77  ft.  and  a  total  of  1801  piles 
were  used. 

These  piles  were  cast  at  the  contractor's  yard  7  miles  from 
the  site  of  the  pier  and  were  made  of  concrete  mixed  ap- 
proximately in  the  proportions  of  1:  IVi:  3,  the  cement  con- 
taining not  more  than  6.5  per  cent  of  alumina. 

Each  bent  consists  of  33  vertical  piles  and  six  brace  piles, 
three  of  which  latter  lean  towards  the  north  side  and  three 
towards  the  south  side  of  the  pier.  The  vertical  piles  are 
driven  singly  and  in  groups  according  to  the  concentration 
of  the  loads  from  the  superstructure,  and  the  brace  piles  are 
driven  in  such  positions  that  their  heads  were  built  up  along 
with  the  group  of  piles  under  each  shed  column.  The  bents 
were  driven  18  ft.  center  to  center.  The  total  number  of 
brace  piles  used  in  the  work  is  238. 

The  materials  through  which  the  piles  were  driven  con- 
sisted of  from  5  to  27  ft.  of  soft  mud  and  from  2  to  12  ft. 
of  hard  clay,  gravel  and  stones  overlying  the  rock.  The 
weight  of  the  pile  and  hammer  was  suflicient  to  penetrate 
the  soft  mud  while  from  200  to  1,800  blows  were  required 
to  drive  the  pile  to  refusal.  Although  the  driving  was  very 
hard,  the  last  few  inches  of  penetration  being  at  the  rate 
of  1  in.  to  30  or  40  blows,  the  pile  heads  suffered  practicall\ 
no  damage.  Nine  piles,  at  various  times,  were  pulled  up 
after  having  been  driven  and  on  examination  were  found  to 
have  suffered  no  material  damage  either  at  their  points  or 
:iny  part  of  their  length.  Test  loads  of  from  90  to  120  tons 
were  applied  to  individual  piles  with  no  resultant  settle 
ment  where  the  pile  had  been  driven  to  refusal. 

The  piles,  after  being  driven,  were  extended  up  to  deck 
level  and  the  reinforced  concrete  deck  system  was  built  on 
them.  This  consists  of  transverse  girders  along  the  heads 
of  the  piles  in  each  bent  and  longitudinal  beams  spanning 
from  bent  to  bent  carrying  the  floor  beams  and  slab  which 
was  designed  for  a  safe  live  load  of  1,000  lb.  per  square  foot. 
In  order  to  protect  the  concrete  against  the  action  of  frost 
and  ice  all  surfaces  between  low  water  of  spring  tides  and 
18  in.  above  high  water  of  spring  tides  were  sheathed  with 
4  in.  of  creosoted  plank. 

The  Furness-Withy  Concrete  Cylinder  Pier. — The  Furness-  , 
Withy  pier  at  Halifax,  completed  last  year,  has  a  length  of 
590  ft.  and  a  width  of  90  ft.  It  is  supported  on  76  rein- 
forced concrete  cylinders  in  19  rows  of  four  cylinders  each, 
<'nd  a  solid  concrete  retaining  wall  under  the  shore'  end. 
The  depth  of  water  alongside  ranges  from  13  ft.  to  46  ft. 
below  low  water  of  spring  tides.  14  in.  steel  plate  cylinders 
riveted  together  were  used  as  forms  for  the  concrete  sup- 
ports and  were  left  in  place  as  a  protection  to  the  concrete. 
The  two  side  cylinders  in  each  bent  are  6  ft.  in  diameter 
and  the  two  interior  ones  7  ft.  and  they  are  spaced  25  ft.  9  in., 
30  ft.  and  25  ft.  9  in.  center  to  center. 

The  concrete  used  for  cylinder  filling  was  mixed  in  the 
proportions  of  1  part  cement,  2%  parts  sand  and  5  parts 
broken  gravel,  and  it  was  deposited  under  water  by  a  bottom 
dumping  bucket  which  held  one  batch  of  20  cu.  ft.  1%  in. 
square  twisted  rods  were  set  vertically  inside  the  cylinders 
as  the  concrete  came  up.  These  rods  were  placed  towards 
the  north  and  south  sides  of  the  cylinders  and  their  tops 
extended  up  into  the  superstru  lure  of  the  pier  in  order 
to  stiffen  the  work  against  lateral  shocks.  1%  in.  square 
twisted  rods  were  placed  in  a  similar  manner  on  the  west 
and  east  sides  of  the  two  inside  cylinders  to  give  longitu- 
dinal stiffness.  The  number  of  reinforcing  rods  placed  in  each 
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cylindor  ami  tlieir  leiiKihH  vurii-U  with  the  length  of  tin- 
cyllniler 

The  coiKTel€'  fliling  of  the  cylinders  wu»  brought  up  to  2 
It.  above  the  level  of  low  water  of  spring  tijles  In  one  op- 
eration. The  laltance  was  then  cleaned  off  and  the  necessary 
holes  cut  in  the  sides  of  the  cylinders  for  the  setting  of 
the  low  water  concrete  braces. 

These  reinforced  concrete  braces  consisted  of  two  Inter- 
sectlns  diagonal  members  18  In.  by  IS  in.  in  section  Joined 
ill  their  lowe.Mt  extremities  by  a  horizontal  member  18  in.  by 
'2\  In.  and  having  a  short  vertical  strut  projecting  upwards 
from  the  Intersection  of  the  diagonals.  These  members  are 
heavily  reinforced  with  1  in.  and  1'4  in.  square  twisted  bars 
whose  ends  were  bent  and  c'cleiuled  beyond  the  concrete 
to  allow  their  being  thoroughly  bonded  into  the  cylinders  and 
-superstructure.  Three  braces  were  required  in  each  bent, 
the  center  one  weighing  about  14  tons  and  the  two  outer  ones 
VI  tons  each.  In  addition  to  bracing  the  pier  they  acted  as 
trusses  and  stiflened  the  transverse  girders  of  the  deck.  They 
were  cast  on  shore  and  were  wejl  set  and  seasoned  before 
being  used. 

The  two  center  cylinders  of  each  bent  were  made  of  such 
lengths  as  to  bring  their  tops  to  about  the  level  of  the 
underside  of  the  braces  and  from  that  level  to  7  ft.  6  In. 
above  low  water  they  were  continued  in  timber  in  two  thick- 
nesses, the  inner  1  in.  being  untreated  spruce  and  the  outer 
L'  In.  of  creosoted  hardpine.  The  outside  cylinders  were 
carried  up  to  7  ft.  C  in.  above  low  water  in  steel.  After  the 
setting  of  the  braces  and  the  completion  of  the  center  cyl- 
inders the  concrete  filling  was  brought  up  to  the  level  of 
the  underside  of  the  deck  girders.  All  parts  of  the  concrete 
braces  below  the  level  of  7  ft.  6  in.  above  low  water  are 
;heathed  with  3  In.  thickness  of  timber  in  two  layers.  The 
pier  deck,  of  slab  and  beam  construction,  consist  of  a  6  in. 
concrete  slab  carried  by  floor  beams,  longitudinal  beams 
and  transverse  girders.  The  transverse  girders,  20  in.  by 
.'0  in.,  extend  from  side  to  side  of  the  pier  across  the  tops 
of  the  cylinders  and  concrete  braces.  The  longitudinal 
erirders.  18  in.  by  4-J  in.,  run  f.om  bent  to  bent  at  10  ft. 
tenters,  and  the  floor  beams,  9  in.  by  18  in.,  running  parallel 
with  the  transverse  girders,  divide  the  deck  into  10  ft. 
squares.  The  deck  slab  is  reinforced  in  both  directions  with 
■■<M-in.  round  rods  at  6  in.  centers. 

This  arrangement  of  beams  and  girders  lent  itself  well 
to  the  locating  of  the  construction  joints  where  these  were 
least  objectionable,  which  was  midway  between  two  bents. 
So  longitudinal  construction  joints  were  allowed  in  the 
Iiouring  of  the  pier  deck,  it  being  an  unbroken  rule  that  a 
(omplete  strip  30  ft.  3  in.  wide  extending  from  side  to 
side  of  the  pier  had  to  be  poured  in  one  operation.  Such 
«  a  strip  contained  140  cu.  yds.  of  concrete  and  was  usually 
1  ompleted  in  less  than  9  hours. 

The  surface  of  the  slab  was  graded,  .^creeded  and  floated 
as  the  work  proceeded,  no  top  finish  being  put  on  afterwards. 
This  insured  a  compact  slab  of  at  least  the  required  thick- 
ness with  no  horizontal  joints  between  concrete  and  finish. 
The  center  1.5  ft.  of  the  pier  floor  was  laid  level  and  grooved 
In  furnish  foothold  for  horses,  the  remainder  of  the  floor 
is  laid  with  a  grade  of  1  in  90  to  each  side. 

Ttie  pier  carries  a  reinforced  concrete  shed  514  ft.  long 
by  70  ft.  wide.  The  walls  of  the  shed  are  of  fi  in.  concrete 
stiffened  with  pilasters.  There  are  two  interior  columns, 
14  In.  in  diameter.  In  each  bent  dividing  the  shed  Into  20  ft., 
30  ft.  and  20  ft.  bays.  The  height  of  the  shed  at  the  eaves 
is  IC  ft.  rising  to  18  ft.  along  the  centiT  line.  The  transverse 
girders  are  12  in.  by  30  in.,  the  longiludinal  beams  10  in. 
by  21  In.  and  the  roof  slab  is  3U  in.  thick  reinforced  with 
wire  mesh,  and  waterproofed  with  tarred  felt,  pitch  and 
pravel  roofing. 


Change  in  Business  Hours  Spreads  Peak  Load,— Accord- 
ing to  reports  mail.-  to  Ihi-  Puhlir  .Service  Commission  for 
the  First  District  the  change  in  business  hours  put  in  ef- 
fect under  the  direction  of  the  Health  Ilepartment  of  New 
York  City  has  resulted  In  less  crowding  on  elevated,  sub- 
way and  surface  cars  in  rush  hours,  and  hence  in  improve- 
ment In  the  service  provided.  The  rush  hours  have  been 
lengthened,  and  the  "peak  load"  has  hern  sjiread  over  a 
longer   period 


Plant  and  Kqiiipnuni  Rental  Prices 

The  folluuing  table  showing  the  schedule  of  rental  rates 
used  during  the  season  of  1917  on  work  of  considerable 
magnitude  Is  taken  from  a  bulletin  on  Highway  Cost  Keep- 
ing issued  last  September  by  the  U.  S.  Ofhce  of  Public 
Roads  and  Kural  Kngineering.  The  Information  has  been 
gathered  from  various  sources  and  as  complete  data  are 
given  in  connection  therewith  as  were  available  at  the  lime 
it  was  secured.  While  all  of  the .  rates  given  were  those 
actually  used  on  construction  work,  their  use  as  a  basis  for 
rentals  in  specific  cases  is  not  recommended. 

(Thp  mies  mentioned  are  per  day.) 

Automoliili'H    I  5.00 

.\ddlMK  anil  lIstlnK  machines 20 

Buckets,   tipple  and  l/ottom  dump 25 

Horlnh-   inai-lilni-,    imiUMiatlo .oO 

norint;    ninchin.-,     fli-<  trie .5« 

Huikii.s,    oraiiKf-pn;!,    1    yd 3.6* 

Hui  k.-is.  oiani;i--|)i:el.   less  than   1   yd.  2.0o 

Uni  ki-ls,    il;ini.slii-ll    2.00 

Hoiltr,  am!  .i-ilruin  engine , 3.50 

lioilir.  and  :;-ilruin  i-MKlne 3.00 

liolliT,  anil  1-ilruin  engine li.j.i 

Uoilir  iinly,  :iO  HI',  and  smaller.  ! 

Hoiler  only,  larKer  than  M  Hf 

niork   Miaihine,    concrete 

Cars,   skip,    1>,    yd j 

Cars,  skip.  3  yd 50 

Cars,  steel,  1  yd.  and  smaller..  15 

Cars.    4    yd.,    wooden th 

Cars.   6  yd.,  wooden 75 

Cars,   12  yd.,   wooden 2.00 

Cars.   1    hopper,   radial  gale .  25 

Crushers    only    2.00 

Crushers,  with  elevator  and  screen 3.00 

Conveyor,   gravity,   per  100   ft 1.00 

Compressor,  10  by  10,  with  steam  engine '. .     2.50 

Compressor.  S  by  8,  belt  driven 1.00 

Coni|>ressor.   with  ga.-ollne  engine  on  wheels 5.00 

Compres.«or.  Westinghouse.   9H   In 1.00 

Cableways,  without  engine   .«.     4.00 

Drill,    auto    traction    ; S.tw 

liump    wagons     25 

Diving  outfit   with  pumps : 10.00 

Derricks,   60  ft.   to  85   ft 2.00 

Derricks.   30  ft.    to  59   ft 1.60 

Derricks,    less    than    30    ft 1.00 

Derriok.s,   breast    25 

Derricks,    circle    swing    25 

Klevators,    platform    or    bucket 25 

Klevators,  with  bins  for  concrete 50 

l^nKines,  skeleton,  3-drum 2.00 

Kntrines,     skeleton,     2-drum 1,50 

Kngines.     skeleton,     l-drum 1.00 

Engines,   steam,   horizontal,    11    to   40   HP 1.50 

Kngines,   steam,   upright,    to   10   HP 50 

Engines,    gasoline,    to  8   HP EO 

Knc'ines.  L'-dnmi,  with  electric  motor   4,09 

Ent'ines,    gasoline,    10    HP 1.00 

i;ni,'ines,    derrick,    swinging 50 

Hammers,     riveting     £5 

Hod     elevating     machine 1.00 

I^eveling     instruments,     engineers' 25 

Ixiconiotive,    3G-in.    gage    5.00 

I»comoI  ive.     .-standard     gage 10.00 

Mixers,    with     boiler    sideloader i.fO 

Iflxers.   with   electric  motors.  1   yd 4.00 

Atixcrs.   without  boiler,   less  than  1    yd  2.00 

Mixers    without   boiler.    1    yd.    and    lari:.  •  3  SO 

Mixers    with    gasoline   engine    .  ~  ~  ' 

Motorcycles     , ; 

Motors.     2     HP 

Molois.   5   HP 

Molor.-i.    10    HP .'.ii 

Motors,    2.^.    HP 1.00 

Motors,    .-.0    HP 2.0n 

rumps,    centrlfucal,    lO-ln..    belt    driven 3.00 

I'uniis,    centrifugal,    tO-in.,    with    motor   attached 4. on 

Pumps,    centrifugal,    S-in.,    steam    connected *     2,00 

Puini>s.    centrifugal.    6-ln.,    steani    connected L.'.ii 

Pumt>s.     centrifiilKal,     4-ln.,     steom     connected 1  d't 

Pumps,    duplex    and    triplex    to   3-in.... 

Pumps.   i)\il<omeIer  to  4-in 1  '  ■ 

Pumps,     diaphragm     -" 

Pumps,    diaphragm,    with    gas    engine,  in:, 

I'nnips.    triplex,    with     belt    drive 20 

Pile    drivers,    drop    l.SO 

P'le   drlv.TS.   drop,    with  single  drum   engine  and  holler...       3.50 

Pile  hammers,  steam  up  to  2.600  lb S.nn 

IMle    hammers,   steam,    larger  than   2,500   lb.  5  00 

Rail.    i>er    ton    Of. 

ItolUr,     horse     l.oii 

.«team    drills     1  00 

Small    air   drills    .50 

Stenni     roller     S.OO 

Stiam     shovel     30.00 

.'^prlnkllnc    cart I.OO 

.•^aw     benches .2.i 

.Saw   lieni'hes,  with  motor  or  gnsollne  engine  .SO 

.Srale     iKixes .2.'. 

Scnii)er.     wheel     '. 50 

Transits     80 

Typewriter     10 

P'uel  and  lubricants  were  not  included  In  these  prices,  nor 
was  the  cost  of  repairs,  all  of  which  were  boi'ne  by  the  or- 
ganization using  the  equipment.  All  equipment  was  to  he 
returned  to  the  owner  In  good  condition. 
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Operating  Cost  of  Electric  Shovels 
in  Underground  Mining 

For  several  years  electric  shovels  have  been  used  in  un- 
derground iron  mines  and  in  coal,  zinc,  limestone  and  salt 
mines.     Their  performance  has  definitely  established  them 


5,  14.25  HP.  Or  an  average  of  16.86  HP.  for  the  total  five 
cars. 

A  detailed  statement  of  the  complete  operating  costs  of 
this  shovel  for  the  last  four  months  of  1917  and  the  first 
five  months  of  191S  is  given  in  Table  I. 

These  costs  cover  all  the  expense  involved  in  actually 
loading  the  ore  and  tramming  it  about  300  ft.  to  the  main 
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Curve    Thew    Type-O    Mining    Shovel   for    Loading     Five    Consecutive    Cars    of    Iron    Ore. 


as  highly  productive,  economical  factors  in  this  class  of  ex- 
cavation. 

The  chart  (Fig.  1)  is  a  pictorial  statement  of  the  power 
consumed  by  one  of  these  shovels  in  a  New  York  iron  mine. 
It  is  equipped  with  a  20-HP.  motor  and  the  record  is  for 
loading  5  consecutive  cars  of  ore.  For  car  No.  1  the  power 
consumption  averaged  16.04  HP.;  for  car  No.  2,  20.75  HP.; 
for  car  No.  3,  16.25  HP.;  for  car  No.  4,  17.00  HP.;  for  car  No. 


haulage  way.  They  include,  also,  the  expense  of  'mov- 
ing the  shovel  to  different  levels  and  locations.  The  ore 
was  loaded  into  3-ton  gable  bottom  cars. 

Under  identical  conditions  the  per-ton  loading  cost  by 
hand-labor  was  30  ct.  and  by  shovel  16.6  ct.  The  saving  per 
ton  effected  by  the  shovel  was  13.4  ct.  or  $5,000  in  nine 
months. 

A  northwestern   iron    company   has   used   a   similar   elec- 


Fig.  2— Thew  Shovel   IVIinIng   Iron   Ore   in  a   New  York  State  Mine. 
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TAhUK  I  — <iI'KKATI.M;  cost  OK  EI.KfTRlC  SHOVE 
INDKRGROIXD  MINING, 


Sept.  LOS-t  3,;!)l  I3S4.UO  $224. 6r>        {     u.itS  $S1$.«3  t0.163 

Oct.  1.713  5.995  432.00  21.30  15.70  4S9.00  .079 

Nov.  37S  1.042  204.00  122. sii  3.24  330.10  .317 

Dec.  1.14S  2.296  384.00  11. .".4  10.10  405.64  .177 

1918— 

Jan.  1.064  2,128  400.00  5S.Uu  9.70  465.75  .219 

Frl>.  1,396  3.290  524.00  131.27  13.20  668.47  .203 

.Mar.  1.756  5.268  800.00  241.80  17.00  1.058.80  .201 

April  2.095  6.285  832.00  177.41  18.90  1,028.31  .164 

.May  2.390  7.170  864.00  23S.2;i  24.50  1,128.79  .157 

Total     13.1124     37.26S     J4.824.00     11,225.17        1122.32     16,171.49     

Monthlv   av 

1.447       4.141  536.00  136.13  13.50  685.72     10.166 

trie  shovel  for  about  4^  years.  The  ore  was  25  per  cent 
fine.  75  per  cent  lumps,  the  largest  pieces  being  2  ft.  x  2  ft. 
X   18   In.     This   shovel   loads    l.'ii)  to   220  tons  daily. 

The  following  table  gives  the  tonnage  and  the  average 
cost  per  ton.  for  each  fiscal  year,  ending  June  30,  from  1914 
to   May   1,   ISIS: 

Electric  shovel.  Hand  operation. 

Vrar.  Tonnaee.        Cost.         Tonnase.  Cost. 

1914 20.820  J0.268  102.43S  $0,466 

1915 24.497  .253  34.222  .324 

1916 32.261  .304  84.485  ..IIS 

1917 31,530  .344  77.653  .391 

To   May    1.    1918 26.439  .40S  59.646  .510 

Fig.  2  illustrates  a  Thew  electric  shovel,  built  by  the 
Thew  Automatic  Shovel  Co..  Ix>rain,  O.,  mining  iron  ore  in 
New  York. 

in  a  western  zinc  mine  a  mining  shovel  loaded  125  cars  in 
5*4  hours  at  a  cost  of  less  than  9  ct.  per  ton,  including  tram- 
ming. This  represented  a  reduction  in  cost  of  handling 
material  and  hauling  it  to  the  shaft  for  hoisting  to  the  sur- 
face from  16  ct.  and  18  ct.  per  ton  by  hand  to  9  ct.  by  the 
shovel,  a  direct  saving  of  45  to  50  per  cent.  Five  of  these 
shovels  are  now  working  at  that  mine. 

Wreckingjan  Old  Building  With  Dynamite 

The  following  method  was  successfully  employed  by  Mr. 
Norman  Supplee,  Landscape  Engineer,  for  tearing  down 
an  old  bam.  The  building  was  of  stone  construction  up 
to  the  ridge  of  the  roof  on  two  sides  and  frame  on  the  other 
two  sides.  One  side  had  an  elevated  driveway  to  the  barn 
floor. 

.About  1/6  lb.  of  40  per  cent  dynamite  was  placed  in  the 
wall  where  each  of  the  joists  went  into  it.  .\  heavy  cap 
of  plastic  clay  was  placed  over  each  charge.  Similar 
charges  were  placed  wherever  there  was  a  junction  of  two 
joists.  Three  blasting  machines  were  used,  as  it  was  de- 
sired to  fire  all  charges  at  one  time  so  as  to  get  the  cumu- 
lative effect.  Two  machines  took  care  of  the  exterior  of 
the  building  and  the  roof  and  the  third  machine  was  con- 
nected to  the  charges  in  the  base  of  the  foundation  walls. 
These  latter  charges  were  somewhat  heavier  than  the 
others.  The  dynamite  was  laid  up  against  the  wall  spaced 
about  10  ft.  apart  and  also  covered  with  heavy  caps  of 
plastic   clay. 

Of  course,  it  required  three  men  to  operate  the  blasting 
machine.  The  handles  were  pulled  up.  Each  man  was 
asked  if  he  was  ready.  At  the  word  ■Fire."  two  men  at  the 
machines  connecting  with  the  roof  and  exterior  charges 
pushed  down  their  rack  bars.  About  two  seconds  later  the 
machine  connected  to  the  foundation  charges  was  operated. 
The  roof  spread  and  dished  downward:  the  joists  under 
neath  gave  way  and  the  stones  in  the  foundation  wall 
semed  to  crumble  apart.  The  entire  building  came  down 
In  a  heap,  the  roof  spread  out.  well  broken  up.  on  top  of  the 
mass  of  masonry. 

After  the  debris  resulting  from  these  shots  had  been 
cl.-ared  away,  an  excavation  was  made  underneath  the  foun- 
dation walls  and  'i  lb.  charges  of  dynamlii-  placed  every 
r  ft.  all  around  the  wall.  These  snots  were  also  (Ired  simul- 
taneously with  the  blasting  machine.  After  all  was  over, 
what  rerhalned  of  the  foundation  walls  lay  on  top  of  (he 
ground  so  well  broken  apart  that  the  pieces  of  stone  were 
easily  handled  by  the  laborers. 


Progress,  Prospects  and  Pitfalls  of 

the   New    Profession   of 

City  Manager* 

By  O.  K.  lAKH. 
City  ManaKt-r.  Sprlntrlleld.  O. 
It  Is  now  s  years  since  the  city  of  I.ockport,  .\.  Y..  became 
Interested  In  the  new  form  of  government  which  she  called 
the  Lockport  plan.  But  Lockport  did  not  originate  the  plan, 
it  came  directly  from  the  minds  of  men  who  were  study- 
ing municipal  matters.  Briefly  the  plan  of  the  theorists 
was: 

1.  To  throw  municipal  government  Into  a  single  elective 
body. 

2.  To  place  the  number  of  commissioners  at  five,  this  be- 
ing considered  to  constitute  a  workable  and  logical  number 
designed  to  form  the  legislative  body  of  the  city. 

3.  To  embody  in  the  plan  the  principles  of  initiative  and 
referendum  and  recall. 

4.  To  arrange  that  a  manager  be  appointed  who  should 
constitute  the  executive  head  of  the  city. 

The  lockport  Board  of  Trade  sought  to  have  the  New- 
York  Legislature  pass  a  bill  enabling  any  third  class  city 
in  the  state  to  be  governed  by  this  form  of  government. 
The  bill  failed.  It  was  In  advance  of  the  thought  of  the 
legislature.  That  was  a  short  8  years  ago.  Such  a  law  was 
passed  in  .New  York  in  1914.  Lockport  business  men  are 
just  now  embarking  on  a  second  attempt  to  secure  the 
city  manager  plan  for  Lockport. 

Since  we  met  last  year  a  decisive  year  of  the  world's  his- 
tory has  passed  (never  a  year  of  such  stupendous  under- 
takings). Naturally  it  would  tend  to  restrain  small  move- 
ments like  that  of  changing  the  system  of  local  govern- 
ments. 

But  the  movements  of  government  are  bound  up  in  the 
world  movement,  material  progress  has  not  been  so  rapid 
tut  the  idea  itself  has  been  immeasureably  advanced  by  the 
great  war.  I^st  May  our  Secretary  reported  123  cities  com- 
mitted to  the  city  manager  plan.  Not  a  single  charter  city 
has  yet  gone  back  to  a  former  plan  of  government.  But 
best  of  all  we  chronicle  a  change  in  the  attitude  of  the  public 
mind  towards  the  plan.  When  we  last  met  rural  communi- 
ties were  debating  the  commission  manager  plan.  City  high 
schools  were  working  upon  it.  It  was  considered  a  debat- 
able question  with  much  to  be  said  upon  both  sides,  but 
since  the  immersion  of  the  country  in  the  great  war  our  na- 
tional thought  has  been  clarified  and  purified  in  the  deter- 
mination to  succeed  fully  in  the  overthrow  of  our  enemy. 
We  have  tried  Committees.  Boards  and  Groups.  It  was  our 
usual  way  of  working.  But  we  were  forced  to  discard  them 
and  to  place  the  responsibility  in  a  single  executive  head. 
Never  has  there  been  such  an  innovation  in  the  government. 
One  after  another  the  great  Boards  that  were  to  accomplish 
so  much,  were  put  In  the  discard.  At  present  Ryan  and 
Schwab,  single  executive  heads  in  the  air  craft  and  ship 
building,  are  accomplishing  what  we  hoped  to  In  the  begin- 
ning. 

We  need  argue  no  more,  proof  Is  before  us.  the  public  has 
been  taught  by  heart  breaking  lessons,  for  this  time  we 
liave  the  minds  of  the  public  at  large  turned  towards  the 
principles  of  the  plan,  at  least  without  hostility. 

But  the  thought  of  the  public  at  large  has  changed  no 
more  than  the  thought  of  the  managers  themselves.  We 
have  come  a  long  way  from  the  atmosphere  of  our  first 
meeting.  Then  we  were  men  upon  whose  shoulders  fell  re- 
sponsibility for  good  government  and  good  morals,  for  de- 
velopment and  proper  growth,  for  settling  Immense  problems 
lor  the  city  we  served.  We  had.  to  put  It  mildly,  a  large 
sense  of  the  community's  need  of  us  and  of  what  we  Indi 
vidually  contributed  to  our  various  communities.  None  of  us 
managers  In  those  days  wore  mcllned  to  underrate  our- 
.selves.  You  remember  that  early  feeling  on  the  part  of  the 
citizens  in  which  the  majority  oi  managers  acquiesced  was, 
that  the  manager  was  not  only  responsible  for  the  adminis- 
tration of  municipal  matters  but  that  he  was  also  responsible 
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for  the  direction  of  tliought  of  his  community  and  its  activi- 
ties in  every  line.  In  other  words  that  he  was  a  sort  of  super- 
man (many  sided  and  versatile)  the  leader  of  his  community 
and  a  man  to  be  consulted  in  every  venture.  Now.  of  course 
the  manager  as  a  public  spirited  citizen,  is  and  should  be 
interested  in  all  things  which  make  for  the  betterment  of 
community  life,  but  he  has  one  duty — the  administrative  de- 
tails of  his  city.  He  is  not  the  only  competent  man  in  his 
community  nor  is  he  the  only  thinker.  The  most  successful 
government  is  the  one  which  is  able  to  secure  the  most  in- 
terested service  from  its  citizens.  Certainly  the  manager 
should  not  attempt  to  do  all  of  the  work  pertaining  to  the 
growth  of  the  city.  I  was  aware  that  there  have  beeu  dif- 
ferent practices  along  this  line.  Some  managers  have  been 
very  loath  to  allow  even  a  community  activity  like  the  Red 
Cross  or  War  Chest  to  operate  without  themselves  taking 
the  reins  by  means  of  some  high  place.  In  every  way  possi- 
ble they  have  sought  to  keep  thtir  hands  on  every  activity 
in  the  city.  Can  we  doubt  that  because  they  are  mere  men, 
and  not  at  all  super,  that  they  have  neglected  duties  es- 
sentjally  their  own  and  they  have  dissipated  their  energies 
in  directions  which  should  be  managed  by  other  citizens? 
There  is  no  doubt  that  logically  speaking  such  a  many  sided 
manager  might  do  real  harm  in  the  community.  His  activity 
in  all  public  questions  would  result  in  a  like  passivity  on  the 
part  of  citizens  trained  and  qualified  for  just  such  promin- 
ence. 

An  illustration  to  make  this  point  clear.  It  is  the  duty 
of  a  manager  to  obtain  the  best  service  at  a  reasonable  rate 
from  a  public  service  corporation.  Suppose  that  he  fails  in 
his  attempt  to  secure  creditable  service;  then  it  is  his  duty 
fo  go  before  his  commissioners  and  his  public  with  facts  and 
figures  to  prove  to  them  concretely  that  the  corporation  is 
not  rendering  adequate  service  nor  service  equal  to  the 
amount  of  money  expended  for  it.  It  is  not  his  duty,  as  I  see 
it.  to  agitate  therefore  for  municipal  ownership  of  such  pub- 
lic utility.  This  should  be  left  to  the  commission  or  should 
he  taken  up  by  the  Chamber  of  Commerce  or  various  city 
clubs.  It  is  obvious  since  efficiently  operated  public  utili- 
ties are  their  own  best  argument  for  municipal  possession 
the  manager  should  expend  every  energy  towards  giving 
service  from  those  already  possessed  by  the  city  since  this 
is  his  direct  duty. 

By  this  attempt  to  standardize,  in  a  measure,  the  duties  of 
a  manager  we  are  attempting  to  increase  his  efficiency  in  the 
exercise  of  them.  Our  managers  were  men  from  other  pro- 
fessions who  carried  to  the  new  field  no  wealth  of  experi- 
ence. They  cannot  do  well  the  work  for  which  they  are 
directly  responsible  if  they  assume  the  direction  of  all  activi- 
ties within  the  city. 

If  we  have  saved  money,  conserved  health,  contributed  to 
the  growth  and  well  being  of  our  community  in  large  con 
trast  to  previous  government,  it  is  not  due  so  much  to  our 
personal  ability  as  it  is  to  a  form  of  government  the  princi- 
ples of  which  are  easy  in  operation  and  the  responsibilities 
of  which  are  definitely  fixed  thereby  making  success  a 
natural  consequence. 

Prospects  of  Commission  Manager  Form. 
During  the  past  year  every  effort  of  our  citizens  has  been 
directed  in  various  activities  in  connection  with  winning 
the  great  war.  The  drawing  of  municipal  charters  has  for 
the  most  part  been  given  up  until  our  victory  is  finally  won. 
But  it  must  not  be  forgotten  that  those  activities  of  war 
have  trained  a  body  of  citizens  in  putting  over  public  enter- 
prises. Four-Minute-Men,  Liberty  Loan  and  War  Chest  work- 
ers are  going  to  become  interested  in  whatever  is  necessary 
in  their  communities.  On  account  of  the  training  they  have 
received  they  are  goin.g  to  make  short  work  of  educating  the 
public  to  new  ideals  of  government.  Moreover  as  stated 
before,  this  public  mind  will  have  no  difficulty  in  meeting 
the  ideals  of  the  commission  manager  plan.  The  march  of 
the  human  mind  is  slow  ordinarily  but  there  never  was  a 
time  when  the  people  at  large  will  so  accept  the  plans  of  a 
new  government  as  now.  There  is  positive  pre-disposition 
towards  it.  Not  in  vain  have  been  our  great  public  failures 
in  connection  with  our  aircraft,  shipping  and  ordnance 
boards.  Not  only  does  the  public  see  that  a  single  head  is 
necessary  for  a  department  but  it  sees  that  that  head  must 
have   had   specialized   training  in   the   department  and  line 


which  he  heads.     This  lesson  has  cost  us  the  lives  of  many 
of  the  boys  we  have  lost  on  the  other  side. 

The  cities  under  the  commission  manager  plan  have 
moved  along,  adapting  themselves  to  increased  expenditure 
without  increased  revenues.  Not  one  of  them  has  gone  back 
to  the  old  charter  form.  In  a  very  few  of  them  old  poli- 
ticians have  taken  the  public  unawares  and  are  back  in 
power.  I  cannot  prophesy  just  how  that  condition  will  end 
lor  even  when  politically  administered  the  city  manager  plan 
shows  good  results  simply  because  it  fixes  individual  re- 
sponsibility and  there  are  many  ways  by  which  a  public 
official  in  these  days  may  be  made  to  act.  Altogether  the 
future  looks  very  bright  tor  the  Commission  Manager  plan. 
Pitfalls  or  Obstacles  in  the  Way  of  the  New  Profession. 
This  part  of  the  subject  brings  to  my  mind  the  query  as 
to  whether  our  work  has  as  yet  risen  to  the  dignity  of  a 
profession.  Can  we  say  as  yet  that  it  is  work  which  re- 
quires a  specialized  training?  We  are  not  even  yet  arrived 
at  a  point  where  we  can  settle  the  matter  of  suitable  train- 
ing absolutely  definitely. 

There  is  every  indication  that  we  have  a  new  profession  in 
city  managership.  At  least  a  number  of  us  have  gained  our 
experience  in  one  place  and  have  been  promoted  on  ac- 
count of  our  experience  to  others.  But  I  do  not  believe 
that  a  City  Manager  will  become  a  permanent  fixture  in  his 
community,  nor  do  I  believe  that  it  would  be  desirable  except 
in  very  exceptional  cases.  Our  school  superintendents  meet 
this  same  condition.  We  are  practically  agreed  that  our 
schools  are  benefitted  greatly  by  an  occasional  exchange  of 
executives.  The  infusion  of  fresh  ideas,  new  plans  and 
different  methods  in  a  community  benefits  it  and  keeps  the 
ruts  from  forming.  It  will  be  so  with  the  managers.  A 
conscientious  manager  will  be  popular  one  month  and  un- 
popular the  next.  It  is  but  a  matter  of  time  when  he  will 
have  offended  a  considerable  number  of  citizens  by  not 
seeing  just  their  way  in  matters  which  if  undertaken,  would 
have  benefitted  each  of  them  materially.  The  ungratified 
citizen  becomes  a  publicity  man  against  the  manager  and 
the  harm  he  is  able  to  do  will  be  in  proportion  to  the  friends 
he  has  in  the  community.  Therefore,  the  time  will  come  in 
the  history  of  each  manager  just  as  in  the  case  of  super- 
intendents of  schools  when  his  best  field  for  effort  will  be  in 
a  new  locality. 

Small  communities  are  sometimes  apt  to  think  the  salary 
asked  by  an  experienced  man  is  excessive,  so  they  will  select 
a  young  man  who  may  or  may  not  be  good  manager  ma- 
terial, or  a  man  who  has  served  in  various  other  political 
offices.  Of  course  I  must  discuss  the  matter  as  it  appeals  to 
me.  Many  professions  have  been  called  upon  in  the  emer- 
.gency  to  furnish  managers.  Some  cities  have  sought  the 
usual  politicians.     This  is  pitfall  number  one. 

I  can  see  why  the  engineering  profession  has  been  called 
upon  so  extensively  to  furnish  managers.  I  can  see  why 
expert  financial  ability  is  an  asset,  why  general  publicity 
work  might  operate  to  advantage,  why  Chamber  of  Com- 
merce men  might  do  good  work,  but  I  will  never  be  able  to 
see  why  a  perfectly  good,  honest  plan  of  government  should 
be  prostituted  by  the  appointment  of  a  man  accustomed  to 
judge  by  political  ideals.  Human  beings  cannot  help  being 
products  of  their  environment.  Especially  is  this  true  of 
the  moral  senses.  A  politician  will  not  administer  govern- 
ment save  as  it  makes  for  his  own  selfish  ends.  He  cannot 
see  further  than  that.  Some  of  our  cities  which  started  right. 
have  been  manipulated  so  as  to  allow  a  politician  to  he- 
come  a  manager  thereby  discrediting  the  plan. 

A  second  danger  lies  in  the  mere  human  quality  of  man- 
agers. Power  is  a  hard  thing  for  a  human  being  to  stand. 
A  manager  must  curb  his  tendency  to  high  handedness,  bull 
headedness  or  whatever  name  you  may  give  the  quality. 
Some  prominent  public  officials  have  not  been  proof  against 
this  trait.  I  have  no  doubt  that  several  managers  have 
rendered  their  usefulness  negative  by  just  such  a  develop- 
ment.    It  has  certainly  caused  some  dismissals. 

A  third  obstacle  which  is  so  insidious  that  it  is  dangerous 
is  in  the  case  where  a  manager  has  decided  it  is  his  duty  to 
hold  onto  his  job.  His  every  official  act  is  apt  to  fall  in  the 
line  of  least  resistance, — to  attempt  to  give  a  good  adminis- 
tration so  far  as  it  goes,  to  placate  the  angry,  to  flatter  the 
important,  to  reserve  decision  where  citizens  might  be  ren- 
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dered  dlssatisfled,  to  promise  citizens  favors  which  he  knows 
tan  never  be  granted.  In  other  words  to  tread  a  safe  path, 
conclliatini;,  promislnf;  and  half  way  renderinK  service  to 
his  city.  He  brings  ill  favor  on  a  plan  which  Is  essentially 
good  and  at  that  his  tenure  of  oltlce  has  not  warranted  his 
plan  of  action. 

Hut  above  all  things  the  manager  must  remember  that  ii 
IS  only  his  work  to  which  he  must  devote  his  energies  with 
patience,  with  thorougliness  and  with  honesty  and  with  per- 
-neverance. — that  he  is  only  the  administrative  head  of  the 
city.  He  is  naturally  interested  In  government  and  If  his  aim 
to  Interest  the  public  in  both  the  aims  and  accomplishments 
of  the  administration. 

The  second  class  of  pitfalls  relating  to  the  profession  are 
those  which  grow  out  of  relations  with  the  commission.  In 
the  three  cities  1  have  served  as  manager,  the  commission- 
ers of  Springfield.  O..  are  the  only  ones  who  themselves  have 
accepted  fully  the  principles  of  the  city  manager  plan,  who 
do  not  hasten  to  ascertain  the  political  aspect  of  situations 
which  present  themselves.  Though  I  have  been  fortunate 
in  this  respect,  there  have  been  men  in  every  commission 
who  were  honestly  trying  to  carry  out  the  principles  on 
which  they  were  elected  by  the  people. 

I  have  served  a  city  where  the  commission  upon  taking 
office  desired  to  make  a  general  housecleaning,  of  all  officers 
whether  they  were  protected  by  civil  service  or  not.  It  was 
a  condition  where  I  counselled  strongly  waiting  but  where 
I  finally  acted  because  I  realized  that  the  commissioners 
knew  the  local  condition  where  I  did  not.  That  one  situa- 
tion taught  me  a  lesson.  1  had  to  bear  the  criticisms  of  the 
public  when  all  these  officials  were  re-Instated  by  the  courts. 
The  commission  did  not  come  forward  and  advise  that  the^e 
wholesale  dismissals  were  made  by  me  at  their  request  and 
in  spite  of  my  objections. 

The  third  class  of  obstacles  relating  to  the  profession 
may  be  relegated  to  the  people  themselves.  Some  cities 
have  adopted  the  city  manager  plan  without  any  idea  on  the 
part  of  the  mass  of  the  citizens  of  what  it  really  means  or 
really  stands  for.  They  vote  for  it  because  they  thought 
that  nothing  could  be  worse  than  what  they  had. 

.Ml  Americans  claim  the  right  of  an  unmuzzled  criticism 
of  their  public  men.  This  right  is  made  use  of  when  it 
comes  to  the  manager.  If  a  manager  is  young  they  say — 
"what  does  that  kid  know  about  running  a  city — let  him 
practice  somewhere  else."  If  he  is  older,  "he 'is  an  old  fogy 
and  needs  to  wake  up."  If  he  is  affable  and  friendly  they 
.■■■ay — "he  tell.";  too  many  people  his  business — he  had  better 
stick  around  the  office  and  work."  If  he  attends  strictly  to 
his  business  and  is  a  quiet  sort  of  chap  then  he  is  said  to 
be  unapproachable  and  gruff.  If  he  is  well  dressed  he  is  a 
dude  who  thinks  only  of  his  clothes.  It  is  pretty  hard  to 
please  all  of  the  people  and  popularity  at  best  is  of  short  dur- 
iition.  In  all  of  our  cities  there  is  an  element  that  belongs 
lo  the  old  political  school.  It  is  going  to  take  many  years 
before  that  influence  is  entirely  gone.  They  do  not  intend 
to  be  pleased  with  the  new  plan  and  they  bury  themselves 
finding  fault. 

These  are  all  small  things  but  they  are  obstacles  to  the 
city  manager  plan  but  I  have  faith,  never  so  much  as  now — 
that  managers  are  going  to  be  able  to  work  out  their  prob- 
lems, that  commissioners  art-  getting  better  every  year,  that 
people  are  beginning  lo  lake  a  more  Intelligent  intgrest  in 
government  and  that  they  are  going  to  be  tolerant  of  effort 
and  more  Intolerant  of  Inefficiency,  that  honesty  is  some- 
how going  to  be  Infused  Into  the  governmental  conscience 
and  that  a  favored  class  is  in  the  process  of  elimination. 
Kor  first,  last  and  all  of  the  lime  our  basis  of  action  must 
!)••  In  a  free  government  as  In  ours,  the  greatest  good  to  the 
rrealesl    number. 


New  York  Street  Railways  Carry  2,O0O,0O0,OC0  Passengers 
in  Year,-  Travel  on  the  street  railroads  of  New  York  City, 
which  includes  elevated  railroads  and  subways,  has  reached 
the  figure  of  two  billion  passengers  per  year,  according  to 
estimates  prepared  at  the  offices  of  the  Public  Service  Com- 
mission for  the  First  llistricl.  Relween  July  1.  l!tl7.  and 
.lune  30,  1918.  I.!t75.482.3l(;  fares  were  collected,  an  Increase 
of  .".i;. 070.087   over   the   previous   year.  . 


Pneumatic  Caisson  Method  of 

Quay  Wall  Construction 

at  Halifax 

One  of  the  most  unu.sual  fcatun-.s  in  the  construction 
of  the  new  ocean  terminal  at  Halifax.  N.  S.,  was  the  use 
of  a  self-floating,  submerging  and  raising  type  of  mobile 
pneumatic  caisson  for  building  the  concrete  quay  wall.  An 
interest ing  description  of  this  particular  feature  was  given 
by  .Mr.  J.  .1.  .MacDonald,  Assistant  Kngineer,  Halifax  ocean 
terminals.  In  a  paper  presented  Sept.  11  at  the  Third  Gen- 
eral Professional  .Meeting  of  the  Engineering  Institute  of 
Canada.  The  following  notes  are  taken  from  Mr.  .MacOon- 
ald's  paper: 

In  the  layout  and  construction  of  the  landing  quay  and 
piers  of  the  Halifax  ocean  terminals  the  quay  walls  are 
the  most  important  element.  The 
harbor  bottom  at  the  site  is  rock  of  a 
shale  formation  which  has  been  sub- 
jected to  much  irregular  movement 
and  distortion.  Its  depth  varied  from 
20  ft.  to  50  ft.  below  the  datum  (L. 
Wl>.  O.  S.  T.),  except  for  two  sec- 
tions aggregating  about  1,400  ft.  in 
length,  measured  along  the  quay 
walls,  where  the  depth  is  from  .'i.5  ft. 
to  70  ft.  below  datum.  This  rock  was 
overlaid  by  a  layer  of  black  mud,  etc., 
ranging  in  thickness  from  2  to  10  ft., 
except  at  the  section  where  rock  is 
from  60  to  70  ft.  below  datum,  where 
it  was  overlaid  by  15  to  30  ft.  of  gla- 
cial deposits  of  red  and  blue  clay  in- 
terstratifie<i  with   sand. 

The  quay  wall  is  of  the  cellular  re- 
inforced concrete  block  type.  The 
first  unit,  6,530  lin.  ft.  in  length,  varies 
in  depth  from  30  to  4.'.  ft.  below  datum 
and  is  founded  upon  the  rock  bottom  dredged  to  required 
depth  except  in  the  deeper  sections  where  a  spread  rub- 
ble base  of  45  ft.  (below  datum)  level  is  provided. 
The  construction  of  the  wall  of  cellular  blocks  placed 
in  stacks  demanded  in  general  a  means  of  clean- 
ing and  inspecting  the  bottom  before  the  blocks  were 
placed,  and,  in  particular,  a  means  of  placing  supports  or 
pedestals  at  accurate  elevation  to  receive  the  base  block 
and  support  the  whole  stack  and  erection  plant,  until  the 
concrete  filling  was  deposited.  It  was  decided  to  apply  the 
pneumatic  caisson  process  on  the  work  to  an  area  about 
36  ft.  wide  by  6.530  ft.  long,  at  depths  of  water  varying  from 
30  ft.  to  about  55  ft.  (allowing  for  rise  of  tide).  The  com- 
paratively small  amount  of  work  required  per  unit  of  area 
necessitated  rapid  and  economical  movement  of  plant. 

General  Features  of  the  Caisson. — The  size  of  the  caisson 
is  plan  was  determined  so  that  the  foundation  site  for  one 
wall  unit  (22  ft.  x  34  ft.),  the  area  of  one  base  block  could 
be  covered,  with  a  small  margin  to  take  care  of  inaccuracy 
in  setting.  This  gave  26  ft.  x  3S  ft.  as  the  horizontal  di- 
mensions at  the  cutting  edge.  The  working  chamber  was 
7  ft.  high  and  the  cutting  edges  were  4Vi  ft.  thick  at  the 
roof  level.  Concrete  stiffened  and  armored  with  steel  was 
used  for  the  cutting  edges,  and  the  roof  of  the  working 
chamber  was  concrete  covered  with  an  air-tight  skin  plate. 
The  man  shaft  was  30  in.  and  the  machine  shaft  36  in. 

Operation  of  Caisson. — .\  centrifugal  pump  on  a  vertical 
shaft  directly  connected  to  a  motor  placed  at  the  top  was 
installed  lo  handle  the  water  ballast.  The  pump  Itself  was 
paced  on  the  bottom  of  the  ballast  chamber.  A  small  sump 
was  placed  In  the  bottom  of  this  chamber  and  In  the  bot- 
tom of  the  buoyancy  chamber,  to  either  of  which  the  pump 
suction  could  be  connected.  The  pump  discharged  directly 
through  a  pipe  to  the  sea-valve.  It  was  proposed  to  fill  the 
buoyancy  chamber  from  the  ballast  chamber  by  opening  a 
gate-valve  In   the  separating  wall. 

.\n  inherent  defect  In  the  unwatering  system  became 
manifest  the  first  time  the  caisson  was  submerged.  It  hap- 
pened that  the  cutting  edge  landed  with  one  side  on  a  high 
point  of  rock-  so  that  the  caisson  was  thrown  over  at  an 
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iingle  of  10°  to  the  vertical.  Although  the  buoyancy  cham- 
ber was  not  flooded,  some  water  leaked  into  it  before  it 
■was  attempted  to  raise  the  caisson.  When  the  ballast  cham- 
ber was  unwatered,  the  bell  rose  some  distance  from  the 
bottom;  but  the  water  in  the  buoyancy  chamber  prevented 
complete  flotation  and  it  proved  impossible  to  remove  this 
water  with  the  pump,  because  it  surged  from  side  to  side 
with  the  slight  roll  of  the  sea,  and  the  water  could  not  be 
collected  by  the  sump. 

As  this  condition  was  liable  to  occur  at  intervals  in  the 
work,  a  remedy  had  to  be  devised.  The  contractors  lined 
the  inside  of  the  buoyancy  chamber  with  rubberoid,  covered 
with  sheathing,  and  made  connections  to  admit  air  into  the 
chamber  from  the  compressors  and  fitted  a  blow-off  pipe 
with  valve  at  each  corner.  By  this  method  the  water  was 
forced  out  of  the  corners,  but  the  chamber  soon  became 
very  leaky,  on  account  of  blowing  out  the  caulking. 

In  the  construction   of   the   caisson   a   sump   should   have 


Fig.    2 — Caisson     Ready    for    Launching. 

been  placed  at  each  corner  of  the  buoyancy  tank  and  con- 
nected by  a  branch  pipe,  with  valve,  to  the  pump  suction. 

In  actual  operation  the  bell  was  moved  to  an  adjacent 
setting  as  follows:  The  buoyancy  tank  was  unwatered: 
then  a  volume  was  pumped  out  of  the  ballast  chamber  suffi- 
cient to  raise  the  cutting  edges  clear  of  the  pedestals.  The 
bell  was  then  warped  to  the  next  site.  On  account  of  the 
conditions  outlined  above,  it  became  necessary  to  maintain 
air  pressure  in  the  buoyancy  chamber  to  counteract  the 
leakage. 

Line  and  levels  were  transferred  to  the  working  cham- 
ber at  each  setting  as  follows: 

Points  were  located  on  the  upper  deck  of  bell  from  tran- 
sit on  shore.  The  distances  from  these  points  to  fixed  ref- 
erence points  at  the  corners  of  deck  were  measured  and 
the  angle  inclination  of  bell  (from  plumb),  obser^'ed.  Then 
by  calculation,  line  and  position  were  set  out  in  working 
chamber  by  measurements  from  fixed  reference  points  at 
the  corners  of  chamber.  The  levels  were  given  on  the  top 
of  lock  and  tranjferred  direct'y  thrcujh  the  man  shaft  by 


a  steel  tape  to  a  bolt  driven  in  the  rock  in  working  cham- 
ber which  served  as  a  B.M.  for  the  setting. 

Auxiliary  Plant. — In  the  operation  of  the  caisson,  plant 
used   was  as   follows: 

1  tender  scow,  steel  frame,  100'  x  32'  :<  4'  8". 

2  .steel  water  tanks. 

1  20-ton   derrick. 

2  No.  13  "Ames"  locomotive  type  boilers. 
1   "Beatty"   3-drum   hoist  without   boiler. 

1   "Mead   Morrison"    derrick   swinging   engine. 

1  No.    7    "Vim"    engine. 

1  10"  X   10"  X   12"   Rand   straight  line  air  compressor. 

1   36"  X  S'  Rand  air  receiver. 

1    12"  .X   16"  X   12"  Rand   compressor. 

1  42"  X  10'   Rand  air  receiver. 

1   Blake  Knowles  10"  x  6"  x  12"  duplex  pump. 

1   "Bowden"    boiler  feed  pump. 

1  25  hp.  adjustable  speed  motor  set. 

1  Morris  submerged  centrifugal   pump. 

1  Man  lock  with  2  air  lock  doors. 

1  air  lock   for  material  shift. 

The  air  was  supplied  to  the  working  chamber  from  the 
low  pressure  reservoir  on  the  scow,  and  a  high  pressure  line 
was  installed  in  the  bell  for  use  in  drilling,  etc. 

The  working  chamber  and  shafts  were  lighted  by  elec- 
tricity supplied  by  the  motor  on  the  scow. 

The  working  chamber  was  equipped  with  a  4-in.  blow 
pipe,  a  %-in.  whistle  pipe  and  a  3-in.  wash-pipe.  These  with 
(he  high  and  low  pressure  air-pipes,  extended  from  the  roof 
of  the  working  chamber,  through  the  ballast  chamber  to 
the  top  platform. 

In  carrying  out  the  work  at  Halifax  all  the  rock  founda- 
tions were  prepared  with  the  caisson,  but  on  the  rubble 
mound  foundations  it  was  not  used.  On  this  portion  of 
the  work  bag  work  was  placed  continuously  along  the  lines 
of  the  toe  and  heel  of  the  quay  wall  by  helmet  divers.  The 
bag  work  was  checked  to  correct  elevation  by  hanging 
screeds  suspended  from  a  framework  above  water  level. 

Costs  of  Plant  and  Operation. — The  contract  for  the  plant 
was  let  in  spring  of  1914.  The  first  cost  of  the  diving  bell 
was  about  $17,000,  tender  scow  with  equipment  cost  about 
?24,000. 

In  the  operation  of  the  diving  bell  the  costs  were  approx- 
imately  as   follows: 

Labor.   3   shifts  of  full  crews,   per  24   hr $131.00 

Supplies — Oil.  etc.,  per  24  hr 10.00 

<-'oal,  per  24  hr.,  S  tons. 

To  these  figures  must  be  added  the  cost  of  daily  tug  serv- 
ice, which  in  this  case  was  computed  at  $30  per  24  hours. 

The  speed  of  the  work  varied  considerably  according  to 
the  condition  of  the  bottom.  During  the  latter  period  of 
this  work  5  sets  per  week  were  generally  made — and  the 
best  record  was  6  sets  per  week.  The  foundations  were 
prepared  and  the  pedestals  placed  for  one  wall  unit,  34  ft.  x 
22  ft.  in  area,  at  each  setting. 


Breaking  Up  Concrete  Abutments  With 
Dynamite 

The  following  method  is  employed  in  breaking  up  one  of 
the  concrete  abutments  of  a  bridge  that  had  become  under- 
mined, and  had  fallen  into  the  channel  of  the  stream.  The 
concrete  was  about  3  ft.  thick  and  7  ft.  wide,  and  was  cov- 
ered with  about  18  in.  of  water.  The  wings  were  sticking 
up  out  of  the  water  and  obstructed  the  channel. 

The  blaster  used  40  per  cent  »dynamite  on  the  work,  the 
charge  being  loaded  in  this  way:  5  cartridges  (2  lb.)  were 
simply  laid  on  top  of  the  concrete  about  the  center  of  the 
block.  5  more  sticks  were  laid  in  the  groove  formed  by  the 
junction  of  each  wing  with  the  main  body  of  the  block;  in 
all  15  cartridges  of  dynamite  were  used.  The  center 
cartridge  in  each  group  of  5  contained  an  electric  blasting 
cap  and  copper  wires  connected  up  all  3  charges.  Nothing 
whatever  covered  the  charges  except  the  IS  in.  of  water; 
in  other  words,  there  was  no  tamping  or  mudcapping. 

The  shot  broke  off  the  two  wings  and  broke  the  center 
section  in  two  parts  in  the  middle.  The  entire  cost  of  the 
work  was  $3.86  itemized  as  follows: 

Dynamite   and    exploders    $3.36 

Blaster's  service.  1  hour   .50 

The  blocks  left  by  the  blast  were  small  enough  to  be 
handled  by  laborers,  and  were  used  as  the  foundation  for 
a  new  abutment  which  was  shortly  afterwards  built.  The 
work  was  done  by  Mr.  W.  V.  Spencer  for  the  Superintend- 
ent of  Highways  'of  the  Town  of  West  Almond,  N.  Y. 
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Line  Hooks,  Ladders  and  Friction 
Fenders'  Strips  at  Govern- 
ment Lock,  Troy 

Thp  recently  mmidfliil  (;o\  tTiiiinMit  lock  and  (loin  ill  thi' 
Hudson  Klver  at  Troy.  N.  Y.,  has  a  number  of  details  that 
are  soniewliat  of  a  departure  from  urdlnary  practice.  Sev- 
eral of  these  features  are  describtnl  by  Willson  Y.  Stamper 
in  the  September-October  Professional  Memoirs,  from 
which    the    matter    following    Is    abstracted. 

Line  Hooks.  —In  each  wall  of  the  lock  at  50-ft.  Intervals, 
are  line  hooks  to  aid  in  snubbing  or  steadying  vessels  dur- 
ing the  operations  of  filling  and  emptying  the  lock.  The 
height  of  the  bottom  of  the  line  hook  recess  above  the 
water  level  of  the  lower  pool  Is  12  ft.  Line  hooks  are  also 
iilaced  at  similar  Intervals  In  the  lower  guide  wall  of  the 
ilk  at  an  elevation  of  9  ft.  above  pool  level. 

The  line  hook  and  recess  were  designed  with  a  view  to 
making    the    catching   of   the   hook   as   simple    as    possible. 


vend  the  face  or  top  of  the  wall:  hence,  there  Is  no  Inter- 
lerence  with  ooat  lines  dragged  along  the  cast-iron  nosing. 
Friction  Fender*. —  In  order  to  prevent  damage  to  the 
lock  walls  by  vessels,  cast-iron  friction  fenders  are  placed 
every  10  ft.  along  each  wall  of  the  lock  chamber.  These 
tenders  extend  from  a  point  about  7  ft.  below  the  level  of 
the  lower  pool  to  wRhln  1  ft.  of  the  top  of  the  wall,  a  height 
of  30  ft.  The  fenders  are  cast  In  5-ft.  lengths,  and  are 
bolted  to  the  lock  wall  by  Richmond  screw  anchor  bolts, 
spaced  1  ft.  4  in.  on  centers.  An  elevation  and  section  of 
the  fender  casting  In  place  Is  shown  In  Fig.  1. 

New  System  Enables  Philadelphia  Term- 
inals to  Handle  20  to  60'  c  More  Freight 

By  allotting  a  space  at  freight  terminals  to  large  mer- 
chants and  truckmen  receiving  less  than  car  load  ship- 
ments regulaily.  and  by  the  railroads  segregating  the  con- 
signees' goods  and  reducing  the  free  period  from  48  to 
21    hours,    the    city    of    I'hlladelpl.ia.    previcMisly    one    of    the 
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In  this  type  of  hook  and  recess,  the  curved  surface  of  the 
hook,  the  converging  sides  of  the  recess,  and  the  guide 
plate  back  of  the  hook,  all  help  to  guide  the  loop  of  rope 
over  the  line  hook.  With  this  design,  if  the  hook  hits  any 
part  of  the  recess  it  is  almost  certain  to  go  over  the  hook. 
The  details  of  this  line  hook  are  shown  in  Fig.  1.  The  hook 
end  its  base  plate  are  of  cast  steel. 

Ladders. — .At  convenient  locations  in  the  lock  and  guide 
walls  are  situated  ladders  placed  in  recesses  and  extending 
from  the  lower  pool  level  to  the  top  of  the  walls.  These 
ladders  have  sides  of  steel  angles  with  lln.  iron  rounds. 
The  depth  of  recess  is  10  in.  except  at  the  top  where  the 
hand-hold  deepens  the  recess  12  in.  more.  This  large  re- 
cess Is  designed  to  give  the  best  possible  means  of  access 
to  the  ladder.  To  descend,  one  first  steps  Into  the  recess 
between  the  hand  bars,  stoops  down  to  grip  the  bars  and 
then  steps  onto  the  top  round  of  the  ladder  without  dan- 
ger of  losing  balance  The  continuity  of  the  top  of  the 
wall,  however,  is  preserved  by  means  of  a  hinged  cover 
of  wood  which  Is  flush  with  the  top  of  the  wall.  The  use 
of  this  cover  prevents  accidents  to  anyone  who  otherwise 
might  trip  over  one  of  the  recesses.  Where  anyone  Is 
descending  or  ascending  the  ladder  this  cover  Is  thrown 
hack  upon  the  lock  wall.  The  ladder  and  recess  are  shown 
In   Fig.   1.     No  part  of  the  latter  or  hand  rail   projects   be- 


most  congested  cities  along  the  Atlantic  Coast,  has  not 
only  relieved  the  congestion  of  Its  72  freight  terminals  by 
this  method  of  handling  goods,  but  its  terminals  are  han- 
dling more  freight  with  the  same  facilities  and  without  ad- 
ditional man  power. 

This  system,  state.^  The  Commercial  Vehicle,  to  which 
we  ar'e  indebted  for  the  matter  in  this  article,  was  placed 
in  effect  on  May  1.  By  means  of  it  the  most  congested 
terminals  have  been  able  to  handle  between  20  and  60  per 
cent  more  freight  with  the  same  number  of  men  they  pre- 
viously employed,  and  every  terminal  in  that  city  is 
cleared  of  practically  all  freight  by  noon. 

The  new  system  has  been  successful  because  the  rail- 
loads.  the  merchants  and  the  truck  owners  have  all  co-op- 
crated.  By  this  method  of  handling  the  less  than  car  load 
freight  it  Is  the  work  of  the  railroads  to  see  that  all  freight 
Is  placed  in  its  proper  location  at  the  terminals  so  that 
the  merchant  or  truckman  will  be  able  to  find  it  and  remove 
it  without  any  loss  of  time.  It  is  also  the  work  of  the 
agent  of  every  terminal  to  notify  the  president  of  the 
truckmen's  association  each  evening  between  5  and  6 
o'clock  the  amount  of  freight  at  the  terminal  that  the  free 
time  has  expired  on.  and  that  should  be  trucked  to  the 
warehouse. 

The  merchant  Is  co-operating  by  removing  his  freight  as 
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soon  as  possible  or  within  the  free  time  period.     In  many      d«-..^^,.<-Jx^««     *«.-   tt„„    „*    Tj^i„i;„_„„j    r> 

instances  the  merchant  has  to  cart  his  freight  a  longer  dis-  PrCCaUtlOnS     fot   Use    of    RemfotCed    Con- 

tance  than  he  had  to  before  the  new  plan  was  adopted.   This  Crete  in  Marine  StrUCtUFCS 

has  to  be  done,  because  a  few  of  the  smaller  terminals  have  i„  ijjg  paper,  "The  Use  of  Reinforced  Concrete  Construe- 
not  the  facilities  to  allot  a  space  to  all  large  merchants  in  (io„  jn  Harbor  Work,"  presented  Sept.  11  at  the  Third 
the  vicinity  of  the  terminal.                       ,  General   Professional   Meeting  of  the  Engineering  Institute 

Sixty  five  cartagemen  have  been  allotted  a  space  to  seg-  of  Canada,  Mr.  A.  F.  Dyer  gives  the  following  conclusions 

regate     their    customers'    freight     at  the     terminals,     and  on   points    which   require   particular  attention   for   the    suc- 

it    is     their      work     to    see  that    no    goods     in     their    sec-  cessful  use  of  reinforced  concrete  in  marine  structures: 

tion    is    in    the    terminals   over  the   24-hour   period.     It   is  Only  rich,  dense  concrete  of  first  class  quality  in  every 

also  the  work   of  the   president  of  the   cartagemen  to  see  respect    of   materials    and    workmanship    should    be     used, 

that  all  freight  Is  removed  from  the  terminals  to  the  ware-  Fresh   water   only  should   be   used   and  excess  of  water  in 

houses   after   the   24-hour    free   time   has    expired.     In   this  mixing  should  be  particularly  guarded  against  as  also  too 

work   the   president   is    notified    by    telephone   at   his   office  dry  a  mixture. 

tween   5   and   6   o'clock   every   evening    of    the     amount   of  The  building  of  the  forms  should  be  carefully  inspected 

freight   that   each  terminal  has  that   the  free  time  has   ex-  and  watertightness,  as  far  as  possible,  sought  after,  so  that 

plred    on.      After   this    information   has    been    received    the  stony  streaks  from  which  the  liquid  cement  has  leaked  may 

president  notifies  any  of  the  65  cartagemen  who  are  bonded  be  eliminated.     A  smooth  face  is  very  desirable. 

to  handle  this  freight  between  the  terminal  and  the  ware-  All   reinforcing   steeU   whether   in  piles,   slabs,   beams   or 

houses,  the  amount  of  freight  that  will  have  to  be  removed  walls,  should  have  at  least  2  in.   of  sound  concrete  cover- 

the  following  morning.  ing   and   more   wherever   practicable. 

The  new  system  of  handling  the  less  than  car  load  freight  In  climates  where  ice  occurs  during  the  winter  all  con- 
through  the  terminals  of  Philadelphia  has  been  so  success-  crete  surfaces  between  low  water  of  spring  tides  and  some 
ful  that  the  average  total  tonnage  of  freight  each  day  left  distance  above  high  water  should  be  protected  by  timber 
over  the  free  period  at  the  72  terminals  can  be  handled  by  or  other  sheathing.  In  warmer  climates  a  similar  protec- 
three  trucks.                                                                                  »  tion   would    probably    be    found    beneficial    as    a    protection 

.  against    the   continual   drying  and   wetting  of  the   concrete 

which   action   appears   to   have   a   tendency   to   increase   its 

Operating  Cost  of  Motor  Trucks  ■  porosity.     The   sheathing   would    also   protect    the   concrete 

The  New  York  State  Railways  employ  a  number  of  motor  against   abrasion    by    floating   debris   and   the    chemical   ac- 

trucks   for   overhead   line   work  and   for  delivery   purposes.  *'°^  °^  "^"^  seawater. 

It  also  uses   several  automobiles.     Careful   cost   records   of  Precast  members  are  better  than  concrete  cast  in  place, 

the   truck   and   car  service   are   kept   by   the   company   and  specially   below   high  water   level.     Concrete  piles   should 

economical  operation  is  secured  by  thoi-ough  analysis  of  the  always   be   long   enough   to   reach   above   high   water  after 

detailed    cost    data    thus    obtained.     To    facilitate    analysis  *^i"/  driven. 

the  several  costs,   together  with  the  car  mileage  for  each  ^he   pamtmg  of  all   concrete   surfaces  above  high   water 

truck,    are   tabulated    each    month    for   the   month    and    for  and  below  deck  level   with  a  waterproof  paint  in  order  to 

the   vear   ending  with    that   month.    The   following   figures,  exclude    the    salt    moisture  laden  air  should  be  considered, 

abstracted  from  an  article  bv  C.  L.  Cadle,  Chief  Engineer,  especially    in   warm    climates.     In    place    of    paint   a    more  ; 

Rochester  Lines,  New  York  State  Railways,  in  the  Electric  Permanent  waterproof  protection  might  be  obtained  by  ap- 

Railway  Journal,  show  the  average  operating  costs  for  four  P'f.'^f  ^  ^°°^  ^-oat  of  cement  "gunite."     This  is  a  question 

trucks  for  the  year  ended  Dec.  31    1917:  ''"'^'^'^  ^^^  J'*^*  *°  ^^  ^^"led.  and  it  is  a  very  important  one 

to  the  life  of  reinforced  concrete  in  sea  water. 

AVERAGE  OPERATING  COSTS  FOR  4  WHITE  TRUCKS.  Careful    periodical   examinations,    at    least   twice    a    year. 

Car  mileage 6.266  miles  should  be  made  of  every  reinforced  concrete  marine  struc- 

ctft  m^°pl"r'''cai^'^ii1fe'^.."'."^ ;;.'.':;.'.'::;;::;.':.:  :.:.■  I'l  ct:  ture  so  that  deterioration  of  the  concrete,  corrosion  of  the 

Cost  tires,  per  car  mile 12.5  ct.  steel  or  displacement  of  the   protection   sheathing  may  be 

G°eLTl^eZ'<^usL^%^clT^rr[i\e\\\\V:^\\\\V:::.^:.  liti.  discovered   as   soon   as  possible   and   the  necessary   repairs 

be  made  at  once  before  serious  trouble  sets  in.     The  idea 

Total,  per  car  mile 34.3  et.  jjjg^j   ^  reinforced   concrete   structure   is   one   which   can   be 

The  above  refers  to  1-ton  White  trucks  carrying  6,000  left  to  look  after  itself  and  which  will  require  no  main- 
lbs.,  and  used  for  overhead  ime  purposes.  tenance.  is  not  only  a  mistaken  one.  but  a  very  dangerous 

The   automobiles   are  employed  by  the   several   heads   of  one. 

departments  in  conducting  the  inspection  work.     The  duty 

of   these    runabouts,   of   course,    cannot    be   compared    with  Rloctind    <itnmr»«    Frr»m    Frn^pri    <lr»il 

that   of   the   trucks.     However,   the   following   data   are   in-  KiaSting    StUmpS    i*  rOHl    f  TOZen    SOU 

teresting    from    the    standpoint    of    showing    the    operating  Ordinarily,  it  is  not  advisable  to  blast  stumps  when  the 

costs  of  so-called  pleasure  vehicles:  ground  is  frozen.     The  frozen  soil  holds  the  stumps  tighter 

in  the  ground,  necessitating  the  use  of  more  dvnamite  to 

AVERAGE  ©PIRATING  «)STS  OF^J  FORD^  RUNABOUTS  g^j  t^em  out-  and  it  is  more  laborious  work  to  get  the  bore 

Car  mileage                                                      .......    7  469  miles  holes  down  in  frozen  soil.     However,  occasionally  emergen- 

Cost  gasoline,  per  car  mile 1.7  ot.  cies  arise  that  make  it  necessary  to  get  out  stumps  in  win- 
Colt  tires^*'pe?^carmiie; ':.'.':.'.':.:.':.':.'.:.'.'.'.':.'.'.      Ijft.  ter  when  the  ground  is  frozen.     The  following  is  a  descrip- 

Cost  repairs,  per  car  mile 1.6  ct.  lion   Of  a   method   employed   in  removing   50  or  60   stumps 

Cost  general,  per  car  mile l^ct.  f^^^   ^   jgrm   near   Florence.   Ky.: 

Total,  per  car  mile 6.8  ct.  A  mattock  was  used  to  cut  the  frozen  ground  or  rather 

The  high  tire  cost  for  trucks  is  stated  by  Mr.  Cadle  to  to  make  a  small  hole  alongside  of  the  stump.  After  get- 
be  due  to  the  fact  that  vehicles  were  equipped  with  pneu-  ting  down  below  the  frost  level,  the  bore  hole  w^as  finished 
matic  tires  when  orginally  purchased.  He  adds  that  it  was  with  a  dirt  auger.  The  stumps  were  beeches  18  to  42  in.  in 
found  after  considerable  experience  that  a  special  solid  diameter  and  all  except  three  were  green, 
tire  purchased  from  the  Overman  Company.  New  Y'ork,  gave  On  the  smaller  stumps  but  one  charge  was  used;  this  was 
the  best  tire  economy  on  a  car-mile  basis.  These  tires  cost  placed  well  down  into  the  ground.  It  is  advisable  to  load 
approximately  $650  for  one  complete  set.  dual  rears  and  this  way  to  avoid  splitting  the  stump.  A  deeply  placed 
single  fronts.  Offsetting  this  cost,  how^ever.  is  the  fact  charge  results  in  lifting  the  stump  out  on  an  inverted  cone 
that  these  tires  have  a  guaranteed  mileage  of  15,000  as  of  earth.  A  charge  placed  close  up  under  the  stump  is  very 
against  6,000  miles  for  the  pneumatic  tires.  The  New  York  apt  merely  to  split  it  and  allow  the  force  of  the  explosion 
State  Railways'  experience  has  been  that  the  use  of  these  to  escape  into  the  air. 

tires  reduces  their  tire  cost  per  car-mile  by   about   50   per  On   the    larger    stumps,    distributed    charges    were   used; 

(jgu^  that  is,  light  charges  were  put  under  the  main  roots  and  a 
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main  lirtlns  chargo  deep  in  the  ground  under  the  center  of 
ihe  Htunip.  This  method  of  loading  re<|uireM  the  use  of  elec- 
tric blasting  cap.s  and  an  electric  bhisting  machine  becauHe 
It  is  absolutely  necessary  to  have  all  of  the  charttes  flred 
at  exactly   the  same  time. 

I'pon  14  beech  stumps  averaging  about  :!(>  In.  In  diameter. 
27  electric  blasting  caps  and  :!2  lb.  of  4ii  per  cent  dynamite 
were  used.  The  average  cost  per  slump  for  explosives  was 
55  ct..  In  addition  to  which  there  were  f.  hours  of  labor  of 
the  blaster  and  helper.  The  same  stumps  could  probably 
have  been  taken  out  of  thawed  soil  for  about  one-third  less 
inont'y. 


Little  Giant  Corner  Drill 


.\  drill  designed  Id  ovcnoniH 
the  objection  arising  from  the 
Intermittent  action  of  ratchet 
levers  in  the  rotation  of  the 
spindle  is  illustrated.  In  this 
drill  steady,  uninterrupted  revo- 
flon  of  the  drill  spindle  Is  ac- 
omplished  by  means  of  a  train 
"(  gears,  retaining  all  the  ad- 
vantages of  the  ratchet  type  and 
permitting  the  drill  to  be  used 
in  Ihe  same  narrow  space,  with- 
in 1  7/16  In.  of  the  end  wall  or 
corner.  The  power  of  the  motor 
^  transmitted  to  the  spindle 
without  vibration,  resulting  in  a 
steady,  even  pull  with  minimum 
wear  and  tear  on  the  machine 
itself.  In  the  stub-tooth  gears 
which  are  employed,  the  root  of 
the  gear  tooth  is  much  thicker 
than  In  the  standard  involute 
tooth.  The  tooth  itself  is  short- 
er, hence  it  has  a  harder  pull. 
The  special  alloy  steel  used  in 
these  gears  makes  them  prac- 
tically indestructible.  The  drill 
is  known  as  the  Little  Giant  cor- 
ner or  close  quarter  drill.  It  is 
manufactured  by  the  Chicago 
Pneumatic  Tool  Co.,  Chicago. 


Blasting  Down  a  Brick  Building 

By    H.\HKY   COICH. 

The  County  Commissioner  of  St.  Mary's  County  wanted 
the  remains  of  an  old  brick  building,  three  stories  high 
with  basement,  torn  down.  The  building  was  about  30x40 
ft.,  with  a  large  brick  chimney  at  each  end.  There  were 
eight  nre^laces,  each  large  enough  to  hold  logs  4  ft.  long. 
The  building  had.  been  burned  and  only  the  brick  walls 
were  to  be  disposed  of. 

As  they  wished  the  work  done  (iiiickly  and  as  labor  was 
very  scarce,  they  asked  me  if  the  walls  could  not  be  blasted 
down  with  dynamite.  I  had  never  done  any  work  of  that 
kind  before,  so  I  decided  it  would  be  best  to  blast  down 
one  side  of  the  building  at  a  time, 

I  first  marked  off  the  places  where  I  wanted  the  holes 
drilled.  The  holes  were  about  2  ft.  thick.  The  chimneys 
were  triangular  in  shape  with  the  partition  walls  built  Into 
them.     The  fireplaces   were  in   the  corners  of  the  rooms. 

I  had  the  holes  made  with  a  pick  about  half  way  through 
the  wall  and  about  6  to  8  In.  In  diameter.  TUie  walls  where 
they  Joined  the  chimneys  were  about  4  to  5  ft.  thick  and  It 
was  necessary  to  make  the  holes  deeper  in  those  sections. 

I  loaded  three  cartridges  (l'/4  lb.)  of  30  per  cent  dynamite 
In  the  shallow  holes  and  five  cartridges  (2Vs  ">  )  'n  tl>6 
deep  holes.  The  holes  were  spaced  about  fi  ft.  apart  along 
the  walls.  The  charges  were  all  tamped  In  the  holes  with 
some  damp  clay.  Klectric  blasting  caps  were  used  as  I 
desired  the  cumulative  effect  of  the  shots  and  wanted  to 
fire  them  all  at  the  same  Instant  with  a  blasting  machine. 

After  the  first  shot,  the  entire  side  of  the  building.  Includ- 


ing the  chimney,  was  down  flat  on  Ihe  ground.  The  same 
method  was  then  employed  on  the  other  sides. 

We  found  this  to  be  a  very  quick,  clxfap  and  labor-sav- 
ing niethriil  of  tearing  down  brick  walls.  It  was  only  at 
Ihe  immediate  [lolnt  of  the  blast  that  the  bricks  were 
broken  up  much  and  most  of  them  could  be  used  again  In 
building  construction  after  cleaning  the  mortar  fitl  them 
Ihe  same  as  would  have  had  to  be  done  had  the  building 
been  taken  down  by  any  other  method. 

It  required  but  ns  lb.  of  dynamite  and  3.'.  blasting  caps  to 
dispose  of  the  entire  building.  The  caps  cost  about  6  ct. 
apiece  and  the  dynamite  about  18  ct.  a  pound.  Two  men 
did  the  entire  Job  in  a  little  over  one  day. 
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Public  and   Private   Construction 
Undertakings  Can  Now  Proceed 

The  removal  last  week  of  tlie  war  lime  restrictions  on 
construction  by  the  War  Industries  Board  makes  possi- 
ble the  immediate  undertaking  of  a  vast  amount  of  public 
and  private  Improvements.  The  extent  of  this  work  Is  in- 
ilicated  by  articles  in  various  newspapers,  which  outline 
the  prospects  in  their  cities.  Extracts  from  a  few  of  these 
reports  are  given   below: 

Toledo,    Ohio. 

More  than  JCOO.OCo  worth  of  county  road  construction  work, 
tied  up  under  war  department  orders  since  last  .\pril.  has  been 
relea.xed  by  the  state  hishway  department.  The  lifting  of  re- 
strictions will  release  outstHndin^  county  road  contracts  amounl- 
ins  to  $308,000.  The  county  now  can  proceed  with  11  important 
projects.  These  Improvements  will  aggregate  J330.000. 
Indianapolis,    Ind. 

W.  \\'.  Winslow.  secretary  of  the  state  council  of  defense 
commiitee  on  building  and  new  construction,  la  notifying  former 
unsuccessful  applicants  for  building  and  construction  permits  of 
the  ruling  announced  Tuesday  by  the  war  industries  board,  re- 
moving In  a  great  deiicree  restrictions  on  construction  projects. 
Mr.  Winslow  estimates  that  millions  of  dollars  of  new  construc- 
tion and  building  contemplated  by  private  and  public  Interests 
may  now  proceed  in  Indiana  through  the  release  granted  by  the 
war  board.  More  than  Jlo.OOO.OOU  worth  of  road  building  and 
maintenance  may  proceed  again,  Mr.  Winslow  estimated.  In- 
cluded in  this  class  are  also  city  streets,  park  and  playground 
improvements.  Big  projects  have  been  held  up  in  Marion,  Vigo. 
Lake,  Elkhart,  Knox,  Noble,  Hendricks,  Putnam.  Clay,  Cass,  Al- 
len and  other  counties,  but  the  ban  against  them  is  now  ott. 
The  release  of  utilities  Improvement  also  will  open  up  many 
millions  of  dollars'  worth  of  new  construction.  Mr.  Winslow  l>e- 
lieves.  Not  ?o  many  of  these  have  been  turned  down  by  the 
state  council  or  the  war  l>oard,  because,  generally,  the  utilities 
understood  the  situation  so  well  that  the>'  made  no  effort  to 
begin  improvements  or  extensions  where  not  absolutely  neces- 
sary'. 

Baltimore,    Md. 

Specltlcations  under  which  City  Hall  Siiuar.'.  at  the  Holiday 
street  end  of  the  Civic  Center,  will  be  developed  were  approved 
yesterday  by  the  Board  of  .\wards.  and  bids  for  doing  the  work 
will  he  opened  one  week  from  next  Monday.  U  will  be  the  tlrst 
public  improvement  contract  for  the  city  since  the  surrender 
of  Cerniaiiy.  The  city  expects  to  be  able  to  get  plenty  of  lalmr. 
through  the  gradual  reduction  In  the  forces  at  the  various  war 
plants,  anil  will  soon  be  In  a  position  to  resume  pavlnfr  operations 
and  otiier  new  construction  work.  It  puts  a  new  phase  on  the 
general  labor  and  material  situation  at  the  City  Hall  at  a  time 
when  the  Hoard  of  Kstimiilts  is  engaged  In  making  up  the 
municipal  budget  for  1SI9.  The  board  haa  tentatively  fixed  the 
pay  of  city  laborers  next  year  at  10  ct.  an  hour.  This  may  be 
changed,  now  that  there  Is  prosiwct  of  more  abundant  labor. 
The  Indications  are  that  the  present  scale  n'  :'•  •■'  ■"  ii...ir 
will  be  continued. 

Cincinnati,   O. 

Street  lUillroads  Director  W.  C.  Culkins  aiincmiuM  ,i  vt-i.  riiay 
that  the  ending  of  the  war,  with  Its  resultant  gradual  return 
to  normal  conilitions,  will  afford  an  op|K)rtunlty  for  extensive 
Improvements   in   the  street  railway  situation. 

War  reHtrlcilons  as  to  man,  money  and  materials.  In  addition 
to  the  lack  of  definite  franchise  authority,  have  held  all  Im- 
provements In  abeyance,  he  said, 

Milwaukee,    Wit. 

Announcement  came  yesterday  that  work  costing  JIO.OOO  or 
less  may  proceed  at  will,  but  that  .supervision  by  the  non-war 
construction   committee  still   is  rclainod  over  work  coBtinK  more 
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than  $10,0<JO.  This  information  is  most  pleasing  to  builders  and 
building  mechanics.  The  munition  factories  are  expected  to 
lay  oft  many  carpenters,  masons  and  other  building  workers  and 
opportunity  to  return  to  their  trade  will  await  them.  Real 
estate  men  forecast  an  unusual  building  boom.  Material  is  said 
to  be  as  cheap  now  as  it  will  be  next  spring.  There  are  many 
completed  basement  foundations.  The  superstructure  will  be 
built  wheTi  the  government  removes  all  building  restrictions. 
Chicago,    111. 

The  largest  industrial  boom  in  the  history  of  Chicago  w-as 
foreseen  today,  following  the  announcement  by  the  war  indus- 
tries board  at  Washington  of  the  lifting  of  the  war  ban,  either 
partially  or  wholly,  on  many  of  the  Industries  essential  in  times 
of  peace.  Projects  for  which  all  preliminary  plans  had  been 
made  and  finances  arranged  before  the  war  started,  involving  the 
expenditure  of  $50,000,000  and  reciuiring  the  labor  of  at  least 
50,000  men,  may  be  started  at  once.  Most  of  these  are  public 
improvement  works,  which  have  a  vital  bearing  on  the  creation 
of  Greater  Chicago.  Not  only  will  they  furnish  employment  at 
good  wages  during  the  critical  period  of  reconstruction,  but  at 
the  same  tinie  they  mean  the  realization  of  improvements  for 
which  the  city  has  dreamed  for  years.  Following  are  the  prin- 
cipal items  together  with  the  estimated  costs,  work  on  most  of 
which    will  probably   be   commenced    in   the   immediate   future; 

Union    station   terminal    $10,000,000 

Michigan    boulevard    link     6,000,000 

Railroad    track    elevation    10,000.000 

New   bridges  in   downtown   district    2,500,000 

Twelfth   street    viaduct    2,000,000 

County    roads     1,000,000 

Blue  Island  pumping  station    1,200,000 

Sanitary   district    bridges    1,500,000 

Ogden  avenue  extensions    10,000.000 

Removal  of  many  drastic  industrial  restrictions  so  promptly 
was  greeted  with  enthusiasm  by  Chicago  industrial  and  labor 
leaders  yesterday,  because  it  provides  time  for  getting  the  actual 
construction  work  of  these  immense  projects  under  way  before 
the  unsettled  transitional  period  from  a  war  to  a  peace  basis 
actually  sets  in. 


Fuel  [Restrictions  on  Clay  Products  and 
Cement  Modified 

In  view  of  the  increased  supply  of  bituminous  coal  now 
available,  U.  S.  Fuel  Administrator  H.  A.  Garfield  issued 
an  order  Nov.  14  modifying  the  fuel  restrictions  put  upon 
the  manufacture  of  different  clay  products  by  an  order 
issued  April  13,  and  also  the  restrictions  on  the  consump- 
tion of  fuel  in  the  manufacture  of  cement,  by  an  order 
dated  Aug.  8. 

The  order  reduces  the  percentages  of  curtailment  as 
defined  In  the  orders  of  April  13  and  Aug.  8,  one-half  in 
every  case.  For  example,  the  industry  that  was  curtailed 
50  per  cent  is  now  permitted  to  burn  T.j  per  cent  of  the 
fuel  consumed  during  the  years  191.5,  1916,  and  1917.  Plants 
that  were  restricted  to  75  per  cent  are  now  allowed  to  burn 
87%  per  cent  of  their  normal  requirements,  and  in  the 
case  of  stoneware  manufacturers  who  were  restricted  to 
85  per  cent  they  may  now  burn  921/0  per  cent  of  normal 
requirements. 

The  partial  withdrawal  of  the  restriction  is  in  line  with 
the  policy  of  the  War  Industries  Board  and  the  restric- 
tions still  in  force  are  maintained  in  accordance  there- 
with. 

The  percentages  of  curtailment  which  are  continued  in 
force  are  as  follows: 

Per  Cent. 

Cement     12  lA 

Face  Brick   25  " 

Common    Brick     25 

Paving    Brick     2'> 

Terra   Cotta    2S 

Roofing    Tile    25 

Floor  and  Wall   Tile    25 

Sanitary   ware    ■. 25 

Hollow  tile   12% 

Drain   tile  and  sewer  pipe    12V> 

Stoneware  (except  chemical)    7% 

,      Personals 

Fullerton  P.  McGough,  of  Pittsburgh,  Pa.,  has  been  appointed 
division  engineer  of  the  Baltimore  c&  Ohio  R.  R.,  with  head- 
quarters at  Grafton,  W.  Va. 

W.  A.  Mather,  superintendent  of  the  Canadian  Pacific  Ry.  at 
Vancouver  B  C  has  been  promoted  to  the  position  of  general 
superintendent  of  Moose  .Jaw. 

Harry  A.  NIcholl,  general  jnanager  of  the  Union  Traction 
Cor-'^any  of  Indiana,  has  been  appointed  federal  manager  of 
transportation  for  the  Hampton   (Va  )   District. 

C.  E.  Ashcraft,  formerly  connected  with  the  Pittsburgh  otBce 
of  the  v.   S.   engineers,   with   the   local   United   States   engineers. 


has  been  appointed  general  superintendent  of  the  Baker,  Dunbar, 
-Vllen  Co.,   with  offices   in   Philadelphia. 

Edgar  A.  Rosslter,  formerly  Major  Engineers.  U.  S.  R.,  sta- 
tioned at  the  Engineer  Depot,  Washington,  as  purchasing  officer 
waterworks  supplies  and  equipment,  has  returned  to  his  private 
practice  at  522  Reaper  Block,  Chicago. 

C.  P.  Richardson  has  been  appointed  cost  engineer  for  the 
Davenport,  Iowa,  project  of  the  United  States  Housing  Corpora- 
tion. He  formerly  was  assistant  engineer  of  track  elevation  for 
the  Rock  Island  Lines  with  headquarters  at  Chicago. 

Albert  Larsen,  of  Milwaukee,  Wis.,  has  been  appointed  di- 
vision engineer  on  railway  work  by  the  Miami  conservation  dis- 
trict, Dayton,  O.  In  this  capacity,  he  will  have  charge  of  the 
activities  incident  to  the  railway  re-location  and  all  other  opera- 
tions pertaining  to  railways  within  the  district. 

Colonel  John  Mlllis,  U.  S.  Corps  of  Engineers,  who  has  been 
in  charge  of  the  southeast  engineer  division,  which  includes 
.Jacksonville,  Fla.,  has  been  transferred  to  the  central  depai'L- 
ment,  with  headquarters  at  Chicago.  Colonel  F.  W.  Aelstetter 
has  been  assigried  to  the  position  made  vacant  by  the  transfer 
of  Colonel  Millis. 

Elmer  E.  Strong,  superintendent  of  transportation  of  the  New 
York  .State  Rys.,  Rochester  Lines,  since  1913,  has  resigned  to 
enter  business  for  himself,  as  an  associate  of  Henry  J.  Schiefer 
&  Company,  district  engineers  and  sales  representatives  in  Cen- 
tral and  Western  New  York  for  high  tension  and  power  ap- 
jjaratus.  with  offices  at  312  Ellwanger  and  Barry  Building, 
Rochester,  N.  Y.  He  is  succeeded  by  Roy  R.  Hodsell,  at  present 
assistant  superintendent. 

C.  Nesbit  Duffy  has  resigned  as  vice-president  of  the  Manila 
Electric  Railroad  &  Light  Co.,  Manila,  P.  I.,  to  accept  the  posi- 
tion of  vice-president  of  the  Visayan  Refining  Co.,  Manila,  P,  I., 
one  of  the  largest  cocoanut  oil  companies  in  the  Philippine 
Islands.  Mr.  Duffy  took  over  his  new  duties  on  Nov.  1.  J.  C. 
Rockwell,  the  present  general  manager  of  the  ilanila  Electric 
Railroad  &  Light  Co.,  has  been  placed  in  full  charge  of  the 
affairs  of  that  company  in  Manila  by  The  J.  W.  White  Manage- 
ment Corporation,  New  York,  N.  Y.,  the  operating  managers  of 
the  property. 

H.  L.  Treeman  has  been  promoted  by  The  J.  G.  White  Man- 
agement Corjjoration,  New  York,  from  industrial  engineer  of  that 
organization  to  the  position  of  manager  of  the  electric  depart- 
ment of  the  Eastern  Pennsylvania  Railways  Co.  and  the  Eastern 
Pennsylvania  Light,  Heat  &  Power  Co.,  of  Pottsvllle,  Pa.  Both 
of  these  utilities  are  operated  by  the  management  corporation. 
Mr  Treeman  was  graduated  from  Oklahoma  Agricultural  & 
Mechanical  College  in  1909,  with  the  degree  of  bachelor  of  science, 
having  specialized  in  mechanical  and  electrical  engineering.  He 
was  associated  with  the  Edison  Electric  Illuminating  Co.  of 
Brooklyn  as  power  engineer  for  a  number  of  years.  In  1915  he 
left  the  services  of  that  company  to  accept  the  position  of  in- 
dustrial engineer  with  The  .1.  G.  White  Management  Corporation. 

B.  Powell  Harrison,  engineer  of  the  State  Roads  Commission 
of  Maryland,  has  been  appointed  harbor  engineer  of  Baltimore, 
Md..  succeeding  H.  Kent  McClay,  who  resigned  to  enter  the 
service  of  the  United  States  Navy.  Mr.  Harrison  is  a  graduate 
of  the  Virginia  Military  Institute;  was  employed  on  the  Panama 
Canal  three  years;  was  engineer  in  the  construction  department 
of  the  Baltimore  &  Ohio  R.  R.  for  two  years;  resident  engineer 
3  years  and  was  assistant  engineer  for  2  years.  He  was  en- 
gaged on  the  filtration  plant  at  Washington  for  2  years  and  was 
engineer  in  charge  of  dredging  and  survey  work  on  Patapsco 
River  and  Chesapeake  Bay  for  4  years,  or  until  1912.  Since  then 
he  has  been  division  engineer,  second  assistant  engineer  and  first 
engineer  of   the   State   Roads  Commission   until   the   present  tiine. 


Obituaries 

William   Saint,  a  contractor  of  Dayton,  O.,  died  Nov.  6,  aged  SI. 

Thomas  L.  Campbell,  a  railroad  drainage  contractor  of  To- 
peka,  Kan.,  died  Xov.  10. 

J.  Robert  Goetzman,  an  engineer  with  Chester  &  Fleming, 
consulting  engineers.  Pittsburgh,  Pa.,  died  recently  at  Louisville, 
Ky..  aged  27. 

John  T.  Hueter,  a  contractor  of  Spokane,  Wash.,  died  Nov.  Ill 
from  injuries  sustained  in  a  fall  from  a  flour  mill  that  he  was 
constructing  at  Cheney,  Wash. 

James  C.  Hallock,  formerly  deputy  chief  engineer  of  Newark, 
X.  .1.,  in  which  position  he  had  charge  of  the  meadow  reclama- 
tion work  and  general  development  of  the  Port  of  Newark,  died 
Nov.  2  in  Ecuador,  where  he  had  gone  last  February  to  become 
engineer  to  that  republic.  v,-ith  his  chief  task  to  be  suggestions 
of  a  system  to  curb  the  annual  floods  in  the  River  Jubones  and 
end  this  serious  menace  to  the  chocolate  plantations. 

Leonard  S.  Cairns,  general  manager  of  the  Eastern  Pennsyl- 
\'ania  Railways  Co..  died  of  pneumonia  on  Oct.  10  at  Pottsvllle. 
Pa.  He  was  36  years  of  age.  For  a  number  of.  years  Mr. 
Cairns  was  general  superintendent  of  the  Twin  City  Rapid 
Transit  Co.  of  Minneapolis  and  St.  Paul.  Minn.  In  1912  he  re- 
signed froin  the  operating  organization  of  that  company  to  join 
the  staff  of  The  J  G.  White  Management  Corporation,  New  York. 
N.  Y..  and  was  assigned  to  the  position  of  assistant  general 
manager  of  the  Manila  Electric  Railroad  &  Light  Company, 
Manila.  P.  I.  He  was  promoted  by  the  management  corporation 
in  1917  to  the  office  of  general  manager  of  the  Eastern  Pennsyl- 
vania Railways  Company,  Pottsvllle.  Pa. 

Albert  A.  Robinson,  formerly  vice-president  of  the  Santa  Fe 
Ry.  and  president  of  the  Mexican  Central  Ry.,  died  Nov.  7  at  his 
home  in  Topeka^  Kan.  He  was  born  in  South  Reading,  Vt., 
in  1S44.  and  was  graduated  from  the  University  of  Michigan  in 
1869.  He  entered  the  engineering  department  of  the  St.  Joseph 
&  Denver  City  Ry.  the  same  year.  In  April,  1871,  he  entered  the 
service  of  the'  Santa  Fe,  which  road  was  then  scarcely  100  miles 
long.  When  he  left  the  system  twenty-two  years  later  the  "road" 
had  grown  into  a  system  of  more  than  9,000  miles  in  extent. 
More  than  half  of  this  system  was  built  under  his  direction. 
His  first  work  with  the  Santa  Fe  was  on  surveys  and  construc- 
tion betwrc  n  To|i.  Is.i  ;ind  .\tchison.  He  was  made  chief  engineer 
in  1S73  ;n  1  l,(i>  1  li.  l.I  tlic  following  positions  in  the  succession 
that  the\  m  Ji.ii  Division  superintendent,  superintendent  of 
bridges.  I'liiMiiiL;  :ind  x\ater  service,  assistant  general  superin- 
tendent, general  manager,  second  vice-president,  vice-president 
and  general  manager.  In  May,  1893,  he  resigned  to  become  presi- 
dent of  the  ]\Iexican  Central  Ry..  which  position  he  held  until 
his  retirement  in  1906. 
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Road*  and  Streets — lit  Wednetday 

(a)  Roadl  ccl    Street    Cleaning 

(b)  Street*  (dl    Municipal    MIscellanle 


Waterwork*  and  Hydraalic* — 2nd  Wedne*day 

(a)   Waterwork*  (c>    Irrigation    and    Dralna 

<b)   Sewer*  and  SanI-  <d)    Power 

tatlon 


Railway*  and  Govt.  Work* — 3rd  Wedne*day 

(a)  Excavation      and  (c)    Harbors   and    Dodu 
Dredging 

(b)  Rivers  and  Canals       id)   Railway    Construction 

Building*  and  Structure(^-4th  Wedneiday 

(a)   Building*  (CI   Ship  Con*truction 

lb)    Bridges  (d)    MIscellancou?    Structui 
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A  New  Method   of  Testing  Iron 

and  Steel   by  Which  Internal 

Defects    and    Nonhomo- 

geneity  Are  Disclosed 

As  far  b;uk  as  ix'.tr,  physicists  liei;an  pulilishing  the  re- 
sults of  "magnetic  tests"  to  determine  the  relative  uni- 
formity of  Iron  and  steel  bars.  Within  the  last  few  years 
"magnet  testing"  has  received  increasing  attention,  and 
the  I'.  S.  .Bureau  of  Standards  has  developed  simple  and 
effpctive  electrical  apparatus  for  the  purpose. 

Flaws  arid  non-homogeneities  that  would  be  fatal  are 
now  discoverable.  It  Is  therefore  safe  to  predict  that  be- 
loT-  many  years  structural  engineers  will  be  specifying 
the  'magnetic  testing"  of  all  important  members  of  steel 
lirldges,  buildings,  etc.  No  longer  will  it  be  considered 
economic  to  Insure  safety  by  the  use  of  high  factors  of 
safrty. 

M  the  last  meeting  of  the  .Vmerlcan  Society  for  Testing 
Materials.  Prof.  .M.  A.  Howe  spoke  of  "magnet  testing" 
as  being  in  Us  infancy,  and  the  implicatiiin  was  that  engi- 
neers need  not  yet  give  it  serious  consideration.  Hut  it 
Is  already  a  pretty  lusty  infant,  and  one  that  no  profes-slonal 
engineer   can    loniier   afford    to   Ignore. 

In  a  bulletin  of  the  Bureau  of  Standards.  Kayiuuml  I.. 
Saiiford.  .Assistant  I'hyslcist,  gives  some  very  interesting 
charts  of  magnetic  letils  on  iron  and  steel  burs,  his  paper 
being  entitled  "Determination  of  the  Degree  of  rniformity 
of    Bars    for    .Magnetic    Standards."     He  also   describes    the 


testing  instrument  (an  electromagnet,  galvanometer  and 
toils)  and  the  theory  of  its  operations.     We  quote: 

From  leakage  data  taken  at  equal  tnteivals  alonic  the  leii^h 
of  the  bar  the  ordlnates  of  the  uniformity  curve  are  calculated, 
and  these  points  are  plotted  acuinst  displacement  alone  the  bur. 

.\  continuous  record. of  the  whole  lenvth  of  the  bar  is  pos- 
.sible  by  a  modinration  of  the  apparatus.  If  the  oppo.ied  test 
rolls  are  moved  at  a  uniform  rate  alomr  the  bar.  the  emf  induced 
Is  proportional  to  the  rate  of  ohanKe  of  leakage  along  the  l>ar. 
This  emf  is  constant  for  a  uniform  l>ur  and  variations  indicate 
non-uniformities,  it  is  possible  with  suitable  apparatus  to  ol>- 
tain  a  photOKTaphic  record  showinK  the  decree  of  uniformity 
alonh'  the  length  of  a  bar. 

Tests  have  been  made  on  a  large  number  of  ban>  to  determine 
the  decree  of  magnetic  uniformity  that  may  l)e  ex|>ecteU  in 
ordinary  test  liars  as  received  and  also  to  determinu  the  magni- 
tude of  the  elteot  of  non-unlformllles  on  the  accuracy  with  which 
iiiagiiette    measurements   can    be   made. 

The  curves  of  cast-steel  bars  all  show  large  deviations  from 
unlfnrinil.v  and  are  chnracterlstic  of  this  class  of  material. 
.Most  of  these  biirs  have  smooth  surfaces  and  Klve  no  indication 
to  the  eve  of  the  presence  of  non-uniformities.  Another  class  of 
material  that  ^ives  trouble  is  wroUKhl  Iron,  which  In  general  Is 
very  inhoniOReneous.  fnlformity  curves  were  taken  tor  12  bars 
of  this  material,  which  had  been  cari'fully  annealed.  These 
curves  also  show  InrKe  deviations  and  indicate  extremely  in- 
honiOKeneous  material. 

The  application  of  this  method  to  the  detection  of  mechanical 
liihomoKeneltles  and  Maws  opens  up  H  wide  tield  of  |>o!uilhle  appll- 
«  at  Ions. 

.Although  it  may  be  several  years  before  "magnet  test- 
ing" will  be  generally  specifled  by  structural  engineers.  It 
Is;  high  time  that  they  begin  to  study  all  that  the  physicists 
have  already  accomplished.    Moreover,  it   may   be  that  the 
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"magnetic  testing"  of  hoisting  cables,  chains,  hooks,  etc.. 
should  be  initiated  at  once  wherever  an  accident  might 
cause  death  or  injury  to  human  beings.  Every  little  while 
a  steering  rod  of  an  automobile  breaks,  and  deaths  result. 
It  would  appear  that  such  accidents  are  now  preventable, 
for  the  electromagnet  and  galvanometer  furnish  a  simple 
means  of  looking,  as  it  were,  into  the  interior  of  steel  parts 
of  machines  and  structures  and  discovering  any  flaw  or 
lack  of  uniformity.  As  is  well  known  to  engineers,  nearly 
all  failures  of  well  designed  steel  members  are  due  to  de- 
fects not  apparent  externally.  At  last  we  are  accurately 
measuring  homogeneity.  We  engineers,  shall  be  derelict 
indeed  if  we  do  not  take  up  immediately  and  perfect  the 
magnet  method  of  testing  steel  which  the  physicists  have 
already  done  so  much  to  make  practical. 


"Peace  Will  Be   Followed   by  a 
Huge  Construction  Program" 

In  a  recent  contribution  to  the  Wisconsin  Engineer  Maj. 
James  F.  Case,  chief  engineer  of  the  American  International 
Corp.,  said: 

The  present  world  struggle  is  a  war  of  engineering,  and 
though  its  object  is  destruction,  there  is  much  to  be  learned 
and  applied  to  constructive  effort  in  normal  times.  First  of 
these  is  the  problenl  of  transportation,  and  in  this  field  I  be- 
lieve you  will  find  a  great  opportunity  for  the  engineer.  Due 
to  high  construction  costs  and  unsettled  financial  conditions, 
railroad  work  has  been  confined  to  maintenance  essentials,  and 
no  new  construction  has  been  undertaken.  E-visting  lines  have 
been  overtaxed,  and  congestion  has  resulted.  Peace  will  cer- 
tainly be  followed  by  a  huge  con.struction  program,  and  engi- 
neers will  be  in  demand.  Furthermore,  the  United  States  has  at 
last  turned  its  attention  to  overseas  transport.  We  are  now 
building  ships  on  an  unprecedented  scale  and  by  revolutionary 
methods.  The  plan  of  quantity  production  of  standardized  fab- 
ricated ships  is  purely  the  development  of  the  American  engi- 
neer. With  it  must  come  harbors,  docks  and  yards,  terminals 
and  cargo  handling  methods,  all  of  which  bring  countless  oppor- 
tunities to  the  profession. 

Maj.  Case  voices  the  opinion  of  most  civil  engineers  in 
predicting  an  era  of  intensive  and  extensive  construction 
following  the  close  of  the  war.  But  engineers  should  not 
quietly  wait  for  things  lo  happen;  they  should  bring  their 
whole  organized  effort  to  bear  in  hastening  the  beginning 
of  a  construction  boom.  Thousands  of  engineers  and 
millions  of  soldiers  will  soon  be  back  from  Europe,  and 
they  will  expect  us  to  have  planned  useful  work  for  them 
to  do.  Are  we  planning  it  now?  Are  we  going  before  city 
councils,  Congress  and  other  legislative  bodies  asking  for 
adequate  appropriations  for  public  works?  Or  are  we  sit- 
ting around  waiting  for  George  to  do  it?  We  put  these 
questions  to  every  one  of  our  readers  as  well  as  to  all 
engineering  societies  and  clubs.  Civil  engineers,  above 
every  other  class  of  men,  are  best  able  to  advise  the  pub- 
lic how  and  where  to  expend  money  judiciously.  Let  us 
not  wait  for  less  well  informed  men  to  lead  the  movement 
for  post-bellum  public  works.  Ours  is  by  right  the  leader- 
ship.   Let  us  lead. 


Should  Not  Milk  Be  Distributed 
by  Public  Service  Companies? 

Excessive  competition  is  one  of  the  main  causes  of  high 
retail  prices  of  food  and  clothing.  But  there  seems  to  be 
no  practical  way  of  reducing  such  competition  except 
through  Government  intervention  of  some  kind,  and  that 
involves  some  degree  of  Government  regulation  of  prices. 
The  late  Mayor  Mitchel  of  New  York  appointed  a  commit- 
tee that  made  a  report  early  this  year  on  the  cost  of  milk, 
with  suggestions  of  ways  of  reducing  both  the  cost  and  the 
retail  price.     The  committee  said: 

Either  the  municipality  itself  might  undertake  the  distribu- 
tion or  the  companies  engaged  in  distributing  milk  should  be 
regarded  and  reg"ulated  as  public  service  corporations.  And  just 
as  now  one  particular  water  supply  corporation  is  granted  a 
franchise  for  a  certain  territory,  so  the  distribution  of  milk  in 
a  given  territory  might  be  restricted  to  one  corporation  or  to  a 
single  delivery  agent  of  the  combined  distributing  companies. 
Such  centralization  appears  inevitable. 


The  committee  pointed  out  that  in  Ottawa  three-fourths 
of  the  milk  business  is  in  the  hands  of  one  firm,  which 
operates  on  a  margin  of  3.25  ct.  a  quart  above  the  whole- 
sale cost;  whereas  the  same  margin  in  New  York  City  is 
7  ct.,  or  more  than  double  that  in  Ottawa.  In  New  York, 
Connecticut  and  New  Jersey,  according  to  the  committee, 
milk  was  produced  by  the  farmers  in  1917  at  a  cost  of  6.7 
ct.  per  quart  where  each  herd  numbered  only  7  to  10  cows, 
as  against  4.7  ct.  where  each  herd  numbered  50  cows. 

These  cost  data  seem  to  indicate  that  milk  could  be 
produced  and  sold  in  New  York  City  for  8  ct.  a  quart  in- 
stead of  13  or  14  ct.,  provided  economic  methods  were  ap- 
plied both  in  producing  and  in  delivering  the  milk. 

Evidently  there  is  a  field  for  the  application  of  the  prin- 
ciples of  engineering  economics  in  the  milk  business.  It  as 
much  engineering  science  had  been  devoted  to  that  busi- 
ness as  to  the  generation  and  distribution  of  electricity, 
for  example,  we  should  today  have  milk  at  half  the  price 
we  now  pay  for  it. 

One  of  the  greatest  and  most  pressing  problems  in  po- 
litical economics  is  so  to  restrict  competition  and  coin- 
cidently  develop  enterprise  and  the  application  of  science 
to  secure  as  great  economic  efficiency  in  food  production 
as  we  have  already  secured  in  the  production  of  electricity. 
As  engineers  have  accomplished  the  latter,  may  it  not  be 
engineers  who  will  also  accomplish  the  former? 


The  Architect  versusThe  Engineer 

It  is  the  firm  belief  of  almost  every  successful  man  that 
he  has  escaped  the  common  fate  of  being  narrow  minded. 
Akin  to  this  belief  of  the  successful  individual  is  the  high 
regard  with  which  most  professional  men  view  the  train- 
ing they  have  had.  The  lawyer  regards  his  legal  train- 
ing as  one  that  peculiarly  fits  him  to  look  upon  the  world 
in  no  narrow  manner.  So  does  the  theologian,  so  does 
the  doctor,  so  does  the  chemist,  so  does  the  architect,  so 
does  the  engineer.  But,  for  some  peculiar  reason,  each 
profession  is  prone  to  regard  tlie  other  professions  as  be- 
ing one-sided  or  narrow. 

Not  long  ago  C.  H.  Blackall,  writing  in  the  American 
Architect,  complained  that  architects  had  not  been  given 
a  leading  part  in  war  work.  He  rebelled  agaiust  the  fact 
that  structural  engineers  had  designed  nearly  all  the 
buildings  for  Government  war  purposes,  and  that  the  archi- 
tect had  been  so  completely  ignored  in  his  own  specialty 
— building  design  and  construction.  He  denounced  the 
popular  conception  that  an  architect  is  merely  an  artist, 
"that  his  chief  interest  is  in  making  pictures,"  and  that 
business  has  nothing  to  do  with  him  or  he  with  business. 
He  said: 

He  is  not  the  "builder  of  arches"  but  the  "arch  technician," 
or,  to  use  the  modern  phrase,  the  master  builder.  His  function 
is  to  do  and  plan  things  in  an  orderly  sequence  and  with  a  con- 
sideration for  all  the  factors  which  enter  into  a  complete  struc- 
ture, of  which,  very  naturally,  the  artistic  appearance  may  be 
beyond  question  an  important  one,  but  is  not  of  itself  sufficient, 
and,  excent  in  rare  cases  of  monumental  design,  is  really  a  by- 
product rather  than  a  dominant  factor.  He  differs  from  the 
engineer  in  that  he  is  not  to  be  one-sided,  not  to  consider  mere 
efficiency  nor  mere  program,  nor  mere  so-called  practical  fac- 
tors, but  is  to  take  all  of  these  plus  the  fundamental  principles 
of  order,  purpose  and  fitness;  and  if  they  are  properly  combined 
then  the  creative  element  of  pure  design  will  result  just  as 
inevitably  as  it  did  in  the  west  front  of  Amiens  or  the  north 
porch  of  Chartres. 

We  are  not  disposed  to  criticise  this  ideal  picture  of 
what  an  architect  supposes  himself  to  be — all  that  the 
"one-sided  engineer"  is,  plus  "order,  purpose  and  fitness." 
However,  the  world  has  a  way  of  weighing  professions 
by  what  they  do  rather  than  by  what  they  profess  to  do. 
The  engineer  is  both  a  designer  of  structures  and  an  econo- 
mist. Economics  is  his  specialty,  even  as  art  is  the  spec- 
ialty of  the  architect.  Hence  when  the  war  suddenly  pre- 
sented problems  of  building  design  and  erection  in  which 
economy  of  time  was  paramount  the  nation  turned  to  its 
structural  engineers  and  not  to  its  architects.  No  one 
asserts  that  the  engineers  failed  to  meet  the  emergency. 
These  "one-sided  engineers"  were  just  one-sided  enough 
to   know   that   one   side   from    end   to   end   and   across   the 
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middle.  They  did  all  and  more  than  was  expected  of  them: 
but,  if  we  are  to  believe  Mr.  Blackall,  they  somehow 
achieved  the  result  despite  their  defective  sense  of 
"order,  purpo^-e  and   fltnoss." 

Human  knuwIedKe  is  now  so  vast  in  its  aggregate  and 
human  skill  so  varied  that  it  is  pure  self-delusion  for  any 
class  of  men  to  fancy  that  theirs  is  a  truly  broad  profes- 
sion, if  by  "broad"  It  is  impliod  that  more  than  a  modicum 
of  the  total  knowledge  and  skill  is  to  be  found  within  its 
confines.  Tho  architect  is  no  more  "broad"  than  the  en- 
gineer. Each  Is  a  specialist  as  every  successful  man  today 
must  be.  By  giving  slight  attention  to  art  and  a  great 
deal  to  structural  economics,  an  architect  may  rival  a 
structural  engineer  as  a  designer  of  industrial  buildings, 
but  not  otherwise.  Conversely,  if  an  engineer  will  subordi- 
nate the  study  of  economcs  to  that  of  art,  he  may  aspire 
to  become  celebrated  for  the  beauty  of  his  buildings  or 
bridges;  but  coincldently  be  must  be  content  to  rank  in- 
ierior  to  other  engineers  as  a  specialist  in  structural  econ- 
omy. 

Vain  is  the  hope,  and  vain  the  man  who  indulges  it,  that 
he  can  be  at  once  the  equal  of  any  specialist  in  a  given 
line  and  at  the  same  time  be  a  composite  specialist  in 
several  lines. 

Let  us  close  with  another  quotation  from  Mr.  Blackall: 

There  will  always  be  bulldinK  so  lone  a.«i  mankind  i.s  a  gre- 
garious animal.  There  will  al.'^o  always  be  a.  consideration  given 
to  tl  e  Oner  artistic  qualities  which  the  rare  incorporates  In  Its 
monuments  and  which  constitute  the  true  historical  record  of 
the  ace.  The  question  we  are  Interested  In  as  a  profession  Is  as 
to  who  Is  to  be  the  dlrectlns  force  In  this  building  work.  Will 
It  be  the  master  builders,  as  they  are  now  known?  Will  it  be 
the  engineers,  who.se  day  is  shining  so  full  of  promise  now,  or 
■will  the  choice  be  from  the  profession  which  has  striven  and 
aspired,  written  codes  of  ethics  aud  taken  position  on  pedestals, 
beneficently  arrogating  prominence  in  constructive  arts,  and 
speaking  ex  cathedra  on  every  occasion,  only  to  find  that  con- 
sideration is  no  longer  an  Inevitable  appanage?  It  is  really  a 
pretty  serious  question  for  us.  No  man  is  likely  to  have  the 
whole  trath  revealed  to  him,  and  none  of  his  reasoning  from 
finite  experience  and  limited  vision  can  hope  to  answer  all  of 
the  questions:  and  yet  It  hardly  seems  possible  that  the  architect 
of  four  years  aso  will  have  much  consideration  four  ye.irs  hence, 
unless  he  changes  very  fundamentally. 


Discharge  the  Capital  Issues  Com- 
mittee  and   Give   Cities  fand 
States  a  Chance  to  Sell 
Public  Works  Bonds 

The  War  I^abor  I'oliciei  Board  on  Nov.  2ii  asked  the 
mayor.-;  of  the  principal  cities  to  make  arrangements  for 
starting  a.s  many  public  work  projects  as  possible.  The 
board  requested  that  its  nearest  ofBce  be  notified  by  each 
town  as  to  tlie  number  of  men  that  will  be  needed. 

This  is  the  first  important  step  that  the  federal  govern- 
ment has  taken  toward  providing  public  work  for  the  men 
who  will  soon  be  out  of  employment.  But  lack  of  knowl- 
-edge  of  the  general  nature  of  municipal  construction  is 
indicated  by  the  naive  request  that  each  mayor  state  how- 
many  workmen  will  he  needed.  Here  It  Is  that  the  civil  en- 
gineers of  America  should  come  at  once  to  the  assistance 
of  the  War  L.abor  Policies  Board,  telling  the  board  in 
detail  what  must  be  done  preliminary  to  estimating  the 
number  of  workmen  that  will  be  required.  First,  each  city 
must  formulate  a  general  policy  as  the  total  expenditures 
for  construction  and  maintenance  in  1919.  This  can  not 
be  the  work  of  a  moment.  In  irany  cases  it  will  involve 
special  elections  to  provide  for  the  issue  of  bonds. 

At  the  very  moment  that  the  War  Labor  Policies  Board 
Is  asking  cUipH  to  provide  extcnrive  appropriations  for  pub- 
lic works,  another  federal  board,  the  Capital  Issues  Com- 
mittee, Is  telling  the  public  that  bond  issues  for  public 
works  must  be  curtailed,  or  at  least  sidetracked.  In  order 
that  the  federal  government  may  float  some  eight  billions 
of  war  bonds!  A  pretty  mixup,  isn't  it?  Men  being  thrown 
out  of  work,  public  appropriations  necessary  to  give  em- 
ployment, and  the  Capital  Issues  Committee  sitting  on  every 


appropriation  lid  so  that  the  coming  "liberty  loans"  shall 
be  fully  subscribed! 

Kngineerlng  societies  should  lose  no  time  in  protesUnK 
against  any  further  restriction  of  public  works  bond  issues 
by  the  Capital  Issues  Committee.  In  fact,  the  time  has 
come  to  dlscharse  that  committee.  Uncle  Sam  Is  big 
enough  to  look  after  himself  In  the  competition  for  funds 
in  the  capital  markets.  Let  the  cities,  counties  and  states 
have  a  chance  to  get  the  money  they  sorely  need  if  they 
are  to  do  their  part  In  giving  useful  work  to  the  returning 
soldiers. 


Production  Control  in  Ship- 
building 

Production  control  may  be  detined  as  a  means  of  di- 
recting manufacturing  effort  toward  certain  well  defined 
ends.  As  applied  to  shipbuilding,  it  means  the  co-ordina- 
tion of  effort  ot  the  various  departments  of  thS  organiza- 
tion to  bring  together  at  the  right  time  the  parts  going 
into  the  completed  structures.  The  application  of  produc- 
tion control  to  shipbuilding  is  discussed  in  one  of  the 
standard  practice  bulletins  issued  by  the  Division  of  Steel 
Ship  Construction  of  the  U.  S.  Shipping  Board  Emergency 
Fleet  Corporation.  The  following  notes  are  taken  from 
that  bulletin. 

The  chart,  Fig.  1,  shows  a  typical  shipyard  organization. 
On  this  chart  the  administrative  functions  are  represented 
by  the  general  manager,  office  manager,  purchasing  agent, 
head  of  engineering  department,  head  of  employment  office 
and,  under  certain  conditions,  the  works  manager.  The 
operative  functions  are  represented  by  the  works  manager 
and  the  heads  of  all  departments  responsible  to  him. 

Production  control  is  partly  administrative  and  partly 
operative  in  that  it  is  concerned  with  the  engineering  de- 
P'srtment,  purchasing  agent  and  production  engineer.  The 
engineering  department  is  charged  with  material  require- 
ments and  production  requirements  which  it  passes  on  to 
the  purchasing  agent  and  production  engineer  respectively. 
The  purchasing  agent  purchases  materials  and  upon  re- 
ceipt notifies  production  engineer,  who  is  then  in  a  posi- 
tion to  release  production  schedules  affecting  such  ma- 
teria! and  in  accordance  with  production  requirements. 
That  the  control  of  production  through  production  sched- 
ules may  be  effective,  it  is  logical  that  production  records 
should  go  to  the  production  engineer,  otherwise  too  much 
or  too  little  work  might  be  released  resulting  in  congestion 
or  idleness  in  the  shop.  In  other  words,  these  records  are 
necessary  to  maintain  a  proper  balance  and  a  uniform  flow 
of  material  through  the  shops. 

From  the  receipt  of  production  schedules  in  the  shops 
production  control  really  ceases  and  output  then  becomes 
a  matter  of  operating  conditions  and  is  under  direct  super- 
vision of  the  shop  executives. 

The  underlying  basis  of  production  control  is  segrega- 
tion of  duties  and  responsibilities  such  that  each  unit  or 
individual  of  the  organization  has  a  certain  part  to  per- 
form, each  part  bearing  a  definite  relation  to  the  whole, 
is  well  as  to  the  other  parts.  To  make  this  control  effec- 
tive in  practice  it  is  necessary  to  provide  some  means  of 
tr.insmitting  information  or  Instructions  between  depart- 
ments. This  is  usually  accomplished  by  the  use  ot  printed 
forms,  properly  designed  as  a  result  of  a  study  of  condi- 
tions to  be  met  Such  forms  are  the  outward  and  visible 
signs  of  "systems"  in  use  and  should  be  as  simple  as  con- 
sistent with  needs.  Properly  worked  out  they  save  an 
immense  amount  of  confusion  and  delay  and  tend  toward 
making  eveir-day  activities  more  or  less  automatic,  thereby 
relieving  executives  of  unnecessary  detail  and  generally 
.simplifying  the  conduct  of  the  business.  In  addition  they 
fi'rnlsh  data  for  record  and  use  for  cost  accounting,  sta- 
tistical and  production  purposes,  but,  most  important  ot 
all,  they  take  the  place  of  "word  of  mouth"  methods. 

As  tending  toward  a  clearer  conception  ot  production 
control  through  an  organization  such  as  represented  by 
Fig.  1,  assume  that  a  contract  has  been  received.  This 
contract   will   be   followed    through   step   by   step   In   anffl- 
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cient  detail  to  show  relations  of  departments  to  each  other 
iu  the  control  of  production  and  how  such  control  is  largely 
a   rcatter   of  organization. 

A  contract  having  been  secured,  it  is  promulgated  by  an 
order  from  the  general  manager  to  the  engineering  de- 
partment. This  order  should  be  in  writing,  preferably  on 
a  prescribed  form,  containing  information  as  to  type,  ton- 
nage, specifications,  contract  number,  owner,  time  of  de- 
livery and  such  other  information  as  may  be  necessary 
to  a'  thorough  understanding  of  all  general  conditions  and 
to  identify  the  contract  throughout  the  plant.  The  prelim- 
inaiies  to  a  contract  involve  more  or  less  estimating  by 
the   engineering   department   on   matters   of  cost,   specifica- 


structions  accompanying  bills  of  material.  Presumably 
this  is  always  done,  but.  in  any  event,  the  purchasing  agent 
is  responsible  for  all  follort'-ups  on  deliveries.  He  is 
charged  with  the  stores  function  which  implies  notification 
to  the  proper  departments  of  receipt  of  material  which 
can  then  be  placed  in  production.  The  stores  function  in- 
cludes general  stores  as  well  as  raw  material  for  construc- 
tion purposes. 

The  purchasing  agent  is  responsible  for  keeping  tracls 
of  all  material  ordered  prior  to  its  delivery  and  should 
have  under  him  a  properly  qualified  traffic  man,  whose 
duty  would  be  to  trace  all  material,  direct  outside  stock 
or   material   purchasers   and    by   every   possible    means   at- 
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Fig.    1 — Typical    Shipyard    Organization. 


tions  and  design,  hence  the  promulgating  order  by  the  gen- 
eral manager  need  not  go  into  these  details. 

The  engineering  department  completes  drawing  details 
to  the  extent  necessary,  in  the  meantime  making  up  bills 
of  Tiiaterial  of  known  requirements  which  are  forwarded 
to  purchasing  agent  in  order  to  place  mill  orders  with  the 
least  possible  delay.  As  detail  drawings  are  completed 
supplementary  bills  of  material  are  forwarded  to  purchas- 
ing agent  until  all  material  is  ordered,  when  dealings  be- 
tween these  two  departments  end  as  far  as  this  particular 
contract  is  concerned.  As  a  general  rule,  the  purchasing  . 
agent  is  dependent  on  the  engineering  department  for  all 
bills  of  material,  whether  furnished  as  above  outlined  or 
complete  before  placing  mill  orders. 

Blue  prints  to  the  required  number  are  made  by  the 
engineering  department  and  distributed  through  the  pro- 
duction engineer  to  the  department  concerned.  These 
usually  are  subdivisions  of  the  ship  made  up  to  show  de- 
tails of  assembly  and,  in  many  cases,  the  sequence  of  erec- 
tion. Charts  compiled  from  these  drawings  showing  ma- 
terial requirements  of  each  subdivision,  commonly  called 
"breaKdowns."  are  made  up  in  engineering  department  and 
distributed  through  production  engineer  to  departments 
concerned. 

The  purchasing  agent  places  mill  orders  in  accordance 
with  bills  of  material  received  from  the  engineering  de- 
partment. Whether  or  not  this  material  is  ordered  for 
delivery   in    the   sequence   desired   depends    entirely   on   in- 


temrt  to  secure  delivery  of  material  as  promised  or  wanted. 

The  production  engineer  is  the  heart,  the  general  and 
works  managers,  the  brains  and  the  other  executives,  the 
nerve  centers  controlling  actual  operations.  It  is  there- 
fore logical  that  instructions  governing  actual  manufac- 
turing operations  should  Originate  with  the  production  en- 
gineer, which  implies  that  all  orders  concerned  therewith 
should  clear  through  his  department.  That  an  intelligent 
record  of  performance  may  be  kept,  it  is  also  logical  that 
reports  of  accomplishment  should  come  to  him.  He  is 
particularly  concerned  Vith  the  "systems"  in  use,  as 
through  them  he  is  enabled  to  issue  orders  and  furnish 
data  for  the  proper  conduct  of  the  business.  If  the  sys- 
tems in  use  have  been  properly  worked  out  and  applied 
only  the  minimum  amount  of  clerical  work  will  be  required 
in  the  production  centers  or  shops  proper.  This  will  be 
done  in  the  production  engineer's  department,  where  pro- 
vision is  made  to  take  care  of  it.  By  reducing  shop  clerical 
work  to  a  minimum  it  is  obvious  that  shop  executives  and 
supervisors  can  concentrate  on  work  in  hand,  which  is 
their  legitimate  function. 

The  production  engineer  is  not  given  any  authority  over 
departments  other  than  his  own.  Instructions  issuing  from 
his  department  covering  production  activities  have  back 
of  them  the  authority  of  the  works  manager  in  particular 
and  the  management  in  general,  due  to  the  type  of  organ- 
ization in  effect.  Adjustments  with  other  department  heads 
are  made  through  the  works  manager  if  necessary. 
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Reinforced  Concrete  Slab  Bridge 

Design  Based  on  Tests  of 

Full  Size  Slabs 

Practical  ruleti  for  applylni;  rt'sultn  of  tests  of  full  size, 
reinforced  concreli'  slali.s  in  the  (|p«lsn  of  bridgcH  are 
Kivcn  by  Mr.  A.  T.  Colilbeck,  Knslneer  of  TestH.  I'.  S.  Bu- 
roHU  of  Public  Roads.  In  the  September  issue  of  I'ubllc 
Koads.  The  matter  followlnK  Is  abstracted  from  the  above 
mentioned   publication. 

Method  of  Testing  Slabs.  In  all  of  the  slab  tests  at  the 
llureau  of  Public  Uoads  the  method  of  procedure  was  to 
apply  known  concentrated  loads  on  the  slag  specimens 
which  rested  on  two  supports.  The  deformation  of  the 
hteel  reinforcing  and  concrete,  and  also  the  deflection  were 
measured.  These  deformations  or  changes  in  length  in 
the  slab  were  always  taken  at  the  "Oangerous  section." 
where  they  were  greatest.  In  a  few  cases,  deformations 
were  also  measured  over  the  entire  area  of  the  slab.  A 
strain  gag  capable  of  measuring  changes  of  o.0()o2  of  an 
inch  was  used  In  all  of  the  tests,  and  in  addition,  the  ver- 
tical deflections  of  the  slab  were  obtained,  generally  by 
i'iPiin<!   of   a    micromi'ter   heiul    reading   to   0.001    of   an   inch. 

Theory  of  Application  of  Results  of  Tests.  Consider  first 
a  wide  slab  supporting  a  single  load  concentrated  at  its 
center.  The  maximum  deformation  occurs  under  the  load, 
and  as  the  sides  of  the  slab  are  approached  the  deforma- 
tion becomes  smaller. 

This  curve  of  deformation  is  the  same  la  shape  for  both 
the  steel  and  concrete.  The  resisting  moment  of  any  slab 
i'i  directly  proportional  to  the  area  of  the  curve  of  unit  de- 
formation. Two  similar  slabs  stressed  to  have  the  same 
area  of  unit  deformation,  even  though  their  unit  deforma- 
tion curves  are  dissimilar  in  shape,  exert  equal  resisting 
moments.  The  effective  width  of  the  slab  is  the  width 
which  may  be  considered  as  carrying  the  entire  concen- 
trated load.  When  the  value  for  this  width  as  determined 
by  test  is  substituted  in  the  common  formulas  for  narrow 
rectangular  beams,  these  formulas  may  be  directly  applied 
to  the  design  of  wide  slabs. 

.\  number  of  slabs  have  been  tested  as  outlined  above, 
and  their  effective  widths  have  been  obtained  from  the 
deformation  curves,  tirst.  by  getting  the  areas  included 
between  these  curves  and  their  base  lines,  then  dividing 
these  areas  by  their  maximum  ordinates.  When  the  load 
is  placed  in  the  centers  of  the  slab  and  the  width  of  the 
slab  is  more  than  about  twice  the  span  length,  the  effective 
width  may  be  considered  as  equal  to  seven-tenths  of  the 
span  length  of  the  slab. 

A  number  of  slabs  have  been  tested  with  a  central  load 
and  having  width  equal  to  twice  their  span  lengths.  Table 
I  gives  data  on  the  slabs  tested  at  the  Bureau  of  Public 
Roads  during  the  past  5  years. 


Slab*  Having  WIdtha  Leaa  than  Twice  Their  Span. — 
The  foregoing  discussion  treats  of  slabs  having  widths 
equal  to  twice  the  span  length,  In  which  case  the  sides  of 
the  slabs  aro  not  stressed  appreciably.  When  the  width 
is  less  than  this,  however,  stress  does  reach  the  sides,  and 
the  narrower  the  slab,  the  more  are  the  sides  put  under 
stress.      It   will   be   recognized   that  the   width   of   the   slab 
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Fig.   1  — Influence  of  Total   Width  on   Effective   Width   of   Reinforced 
Concrete   Slabs  Subjected   to   Concentrated    Loading. 

plays  an  important  part  in  influencing  the  effective  width. 
Thfi  amount  of  this  influence  has  been  quite  fully  investl- 
.satcd  by  a  number  of  slab  tests,  in  which  the  width  of 
the  specimen  has  been  decreased  after  each  load  applica- 
tion, the  sides  of  the  slab  having  been  split  oft  by  means 
of  plugs  and  feathers.  It  has  been  possible  to  obtain  from 
these  investigations  the  values  for  effective  width  given  in 
Tahle  II.    These  values  also  are  plotted  in  Fig.  1. 

TABI^E  II— V'.\L.L'ES  Fr>n  KFKP]CTI\'E  WIliTH. 

Total   width    —    span.  Eftectlvt   width    -H    span. 

n.I  0.1 

n.2  ,  0.2 

0.:i  0.28 

0.4  0.37 

0.5  0.44 

0.6  0.60 

0.7  0.65 

O.S  O.SS 

0.9  0.62 

1.0  0.65 

1.1  0.67 

1.2  0.68 

1.3  0.70 

1.4  0.71 

1.5  0.72 

1.6  0.72 
0.72 
0.72 
0.72 


1.8 
l.!> 
2.0 


0.72 


The  above  values  may  be  used  for  spans  up  to  It!  ft.  at 
least,  and  probably  for  longer  spans. 

Two  loads  on  the  Slab. — When  the  span  is  such  that  a 
.single  axle  load  will  control  the  maximum  bending  moment, 
the  slab  is  subjected  to  two  wiieel  concentrations,  and  the 
most    dangerous    condition    exists    when    these    wheels    are 


T.vni.E  I— DATA  (IN  SLAB  TESTS  OF  BUREAU  OF  PUBLIC  ROADS 


-Depth. 


Steel   percentage.- 
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Span. 

Feet. 
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16 
I  DTI  I. S 
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Failure. x 

load. 

I'lTectlve 

width 

Central 

:   .span. 

.Spun 

load. 

11.5 

21.500 
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42.800 

1.1 
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24,700 

.96 
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7.560 

1.2 
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34.200 

16 
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16 

80.000 
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16 

40.000 
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ren'er  load. 
15.000   


20.000  .. 
25.000  .. 
32.600  .. 
35.000  . . 
Failure 


in>..,  hi. 
ilopth. 
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cent  itpnn. 

12M— 7r,.T  |»T 
rent  Hpnn. 
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rent  span. 
I3".0=-S1.2    per 

rent  iipnn. 
12". 9=81.1  per 

rent  span. 


H'. 6=10.7  per 

cent   Kpiin. 
80.0011  ll>. 


Sliili  tlU:  r.  In. 
.■(TiTtlve  depth. 
12'. 7=79. 5    per 

cent  Nnnn. 
17'. 5  =  109. 3  per 

cent  span. 


midway  between  the  supports.  In  order  to  investigate  this 
condition,  tests  were  made  on  slabs  with  two  loads  spaced 
5  fl.  apart  on  the  center  line  of  the  slab. 

Note  the  fact  that  directly  under  the  load  the  deforma- 
tions are  greatest,  and  are  even  slightly  greater  than  the 
deformntion  at  the  center  of  the  slab.  This  stress  distribu- 
tion does  not  hold,  however,  for  every  thickness  of  slab, 
for  a  few  of  the  tests  show  the  deformation  to  be  greatest 
at  I  he  center.     The  effective  width  of  slabs  loaded  in  this 
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war  may,  in  general,  be  assumed  as  equal  to  the  effective 
width  due  to  a  single  load  plus  4  ft. 

Eccentrically  Loaded  Slab. — When  a  heavy  load  traverses 
a  s!ab  bridge  it  may  not  remain  at  the  center  line,  but  may 
travel  over  the  bridge  near  one  side.  Again  there  are  often 
occasions  where  a  heavy  traction  engine  will  stop  at  the 
side  of  a  bridge  spanning  a  stream,  in  order  to  replenish 
its  supply  of  water.  On  such  occasions  heavy  load  concen- 
trations are  supported  on  the  side  of  the  bridge  as  eccentric 
loads,  and  this  is  a  much  more  severe  condition  than 
that  of  the  centrally  applied  load. 

For  the  investigation  of  this  case  a  slab  specimen  IG  ft. 
in  span,  32  ft.  in  width  and  13  in.  effective  depth  was  made 
up.  The  original  width  was  decreased  after  each  test  by 
cutting  strips  off  of  one  side.  The  load  applied  in  the 
center  of  the  original  32-ft.  width  became  an  eccentric  load 
as  the  side  of  the  slab  was  gradually  removed.  Refer- 
ring to  Fig.  2,  the  strips  ij,  hi,  gh,  fg,  ab,  be,  cd.  and  de, 
were  split  off  in  the  order  named.  The  load  was  always 
applied  to  the  same  spot  and  thus  its  eccentricity  varied 
as  the  slab  width  was  decreased.  Without  going  into  the 
details  of  the  test,  the  results  are  shown  in  the  curve  in 
Fig.  2.  The  dash  line  curve  is  merely  a  duplication  of  that 
in  Fig.  1,  and  applies  to  wide  slabs  under  a  central  load. 
The  solid  curve  is  based  on  the  tests  of  the  eccentrically 
loaded  slab.  About  10  ft.  were  split  off  the  sides  of  the 
slab  before  the  effective  width  began  to  differ  from  that 
of  the  centrally  loaded  slab.     The  load  was  then  6  ft.  from 
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Fig.  2 — Curve  Showing  Effective  Width  vs.  Width  of  Slab. 

the  side  of  the  slab,  and  when  its  distance  to  the  side  became 
less  than  this,  the  effective  width  became  much  less  than 
that  of  the  same  slab  centrally  loaded.  This  is  shown  by  the 
deviation  of  the  solid  line  from  the  dash  line.  The  dotted 
line  is  plotted  to  represent  the  effective  width  of  an  ec- 
centrically loaded  slab  with  values  for  this  effective  width 
be 

assumed    to   be   equal   to \-  B,   where   be  =:  the   effective 

2 
width  of  the  slab  under  central  load.     D  =  distance  of  load 
to  nearest  side  of  slab. 

This  curve  follows  the  curve  of  test  results  very  closely 
and  it  may  be  quite  safely  stated  as  a  general  proposition 
that  when  a  slab  is  eccentrically  loaded,  the  effective  width 
to  be  used  in  design  may  be  calculated  in  the  following 
manner: 

(1)  When  the  distance  of  the  load  from  the  nearest  side 
is  more  than  half  of  the  effective  width  of  the  centrally 
loaded  slab  (Table  II)  use  the  effective  width  for  central 
loads. 

(2)  When  the  distance  of  the  load  from  the  side  of  the 
slab  is  less  than  half  the  effective  width  under  central 
loads   (Table  II)   the  effective  width  is  to  be  taken  equal 

be 
to h  D-     In  order  to  make  a  slab  bridge  eccentrically 


necessary  to  supply  extra  strength  at  the  sides  by  means 
of  a  parapet  wall,  and  the  following  procedure  tor  the  de- 
sign  will   give   safe   results: 

(1)  Use  the  formulas  for  narrow  rectangular  beams  sub- 
stituting for  the  breadth  b  the  value  obtained  from  Table 
II,  (2)  determine  the  loss  in  effective  width  due  to  the  as- 
sumed eccentricity  of  the  load,  (3)  supply  the  deficiency 
by  designing  the  curb  of  the  parapet  to  provide  a  resisting 
moment  equal  to  that  of  the  slab  width  lost  due  to  eccen- 
tricity. Allowance  will  have  to  be  made,  however,  for  the 
stiffness  of  the  section  under  the  parapet.  An  unfinished 
test  thus  far  indicates  that  this  method  of  design  is  safe 
at  least. 

To  illustrate  the  above  method.     Assume  the  slab  16  ft. 
in  span  length  and  20  ft.  in  width,  designed  to  carry  a  con- 
centrated load  to  be  applied  3  ft.  from  one  edge,  then  the 
Total  width       20 

=  —  =  1.25. 

span  16 

From  the  table  for  central  concentrated  loading  (Table 
II),  the  effective  width  =  0.69X16  ft.  =  11.04.  ft.  =  be.  Con- 
sider the  load  to  be  carried  by  a  width  of  11.04  ft.,  use  the 
ordinary  formulas  for  rectangular  beam  design,  and  deter- 
mine the  effective  depth  of  the  slab  and  the  area  of  the 
steel  required.  Next  determine,  by  the  relation  indicated 
above,  the  effective  width  with  the  load  placed  3  ft.  from 
the  side. 

11.04 

be  = h3  ft.  =  8.52 

2 
fi.  =r  effective  width  for  eccentric  load. 

The  difference  between  the  values  of  be  and  b,  is  11.04  — 
8.52  =  2.52  ft.  The  curb  of  the  parapet  should,  therefore, 
be  designed  so  that  it  will  have  a  resisting  moment  equal 
to  that  of  a  slab  of  width  2.52  ft. 

Although  there  are  several  other  conditions  which  may 
arii=e  in  the  investigation  of  bridge  slabs,  the  few  above 
considered  are  most  important,  as  they  generally  control 
the  design. 


2 

loaded  equal  in  strength  to  one  centrally  loaded,  it  will  be 


Opportunities  in  the  Management 
Engineering  Field 

It  is  the  writer's  belief  that  opportunities  today  tor  the 
technically  trained  engineer  have  never  been  equaled.  This 
is  true  of  the  technical  engineer,  not  only  for  purely  engi- 
neering position,  but  for  the  larger  field  of  management.  The 
hosest  and  broad-minded  engineer  is  being  continuously 
demanded  for  responsible  positions  in  most  lines  of  indus- 
try. With  the  engineer's  technical  training,  which  tends  to 
develop  the  ability  intellectually  and  economically  to  solve 
operation,  maintenance,  and  construction  problems  applic- 
able to  almost  every  kind  of  industry,  and  with  his  capacity 
for  handling  men,  he  can  and  does  today  fill  many  very  re- 
sponsible positions   involving  constructive  management. 

To  be  permanently  successful,  every  line  of  large  indus- 
try needs  economical  management  which  the  technical  en- 
gineer, after  he  has  rounded  his  career  with  a  business 
training,  is  better  able  to  give  than  most  other  professional 
men.  A  business  training,  resulting  in  the  development  of 
a  sound  judgment,  is  an  essential  factor  in  the  career  of 
nearly  every  successful  man,  and  it  is  my  belief  that  capable 
engineers  with  sound  judgment  today  have  more  and  bet- 
ter opportunities  to  advance  to  prominent  positions  and  go 
even  to  the  top  of  their  industry  than  heretofore.  Those 
who  have  control  of  industry  recognize,  more  than  ever  be- 
fore, that  the  physical  conditions  and  the  net  results  of  their 
business  depends  mainly  upon  good  executive  management, 
and  that  managership  positions  are  better  filled  by  tech- 
nically educated  men  than  otherwise.  Without  question  most 
men  with  an  engineering  education  for  a  foundation  will 
.--ucceed  in  the  world  of  affairs,  if  they  have  a  liking  for  me- 
chanical work,  a  love  for  doing  things — accomplishments — 
and  a  proper  share  of  "stick-to-it-iveness" — perseverance. — 
Ray  Palmer,  president  of  the  New  York  &  Queens  Electric 
Light  &  Power  Co.,  of  New  York,  in  The  Wisconsin  En- 
gineer. 
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Mechanical   Features   of  Vertical- 
Lift  Bridges* 

By  HOHATIO  P.  VAN   CLEVE. 
•  'hief   l)iiift«inuii.   The  J.    Kdnanl   <  >mlfii   Co..    Xen-    York. 

The  first  important  vertical-lift  bridge  was  built  in  1892 
over  the  south  branch  of  the  Chicago  River,  at  Halsted 
St  .  Chicago  Its  span  Is  13ii  ft..  It  provides  for  city-high- 
way  and  electric-railway  tralllc.  and  lifts  140  ft.,  affording 
vertical  clearance  for  boats  of  155  ft.  This  bridge  Is  Illus- 
trated In  Fig.  1. 

The  dead  load  is  counterbalanced  by  a  set  of  weights 
connected  to  the  lift  span  by  wire  ropes  which  pass  over 
grooved  sheaves  on  the  tops  of  the  towers.  The  operating 
inachlnery  Is  located  under  the  roadway,  at  the  base  of 
one  of  the  towers,  and  the  power  is  transmitted  by  a  sys- 
tem of  wire-rope  drives,  running  from  the  grooved  drums 
in  ;he  machinery  house  to  each  end  of  the  lift  span,  and 
to  each  counterweight.  There  are  10  ropes  In  all.  Eight 
up-haul  ropes,  passing  around  a  set  of  idlers  at  the  bot- 
tom of  the  near  tower,  are  carried  to  its  top,  where  they 
divide  Into  two  groups.  Four  turn  downward  over  an- 
other set  of  sheaves  and  attach  to  the  near  end  of  the  lift 
span,  and  four,  running  horizontally  to  the  top  of  the  far 
tower,  are  there  deflected  downward  and  attach  to  the  far 
end  of  the  lift  span.  The  eight  down-haul  ropes  are  con- 
nected in  .-similar  manner  to  the  tops  of  the  counterweights. 

The  towers.  217  ft.  high,  are  steadied  by  well-braced 
lattice  girders,  which  serve  also  as  a  support  for  the  idler 
sheaves  placed  midway  between  towers  to  guide  and  steady 
the  horizontal  reaches  ot  the  operating  ropes. 

In  th€  second  .structure  of  this  type,  ot  229-ft.  span  and 
40-ft.  lift,  built  in  l!t09  across  the  Mississippi  on  the  line 
of  the  Iowa  Central  R.  R..  near  Keithsburg.  III.,  several  im- 
provements were  made  on  the  operating  mechanism  of  the 
Malsted  St.  bridge.  Chief  among  these  was  the  change 
in  the  location  of  the  machinery  from  the  pit  below  the 
tower  to  the  top  of  the  lift  span.  This  shortened  materially 
t!u-  lenKth  of  operating  ropes  and  reduced  to  a  minimum 
the  complications  in  their  connection  and  arrangement; 
and  it  put  the  operator  at  once  in  reach  of  his  machinery 
a!.('  in  view  of  the  river  and  approaching  trains. 

The  scheme  of  operation,  that  used  on  nearly  all  suc- 
ceeding lift  spans  is  as  follows:  The  motor,  in  this  case 
a  ws  enirine.  is  connected  by  a  train  of  gears  to  four  spir- 
ally grooved  operating  drums,  two  over  each  top  chord. 
Two  operating  ropes  are  fastened  b^'  rope  clips  to  each  ot 
these  dnims.  one  for  the  upward  movement  of  the  span 
and  the  other  for  the  downward,  and  are  so  wound  on  the 
grooves  of  the  drum  that  the  up-haul  rope  is  wound  on 
wliile  the  i|own-haul  rope  is  paid  off,  and  vice  versa.  An 
up-haul  rope  runs  from  each  drum  to  the  corresponding 
corner  of  the  lilt  span,  there  over  a  double-grooved  deflec- 
tor sheave,  and  thence  to  the  top  of  the  tower,  to  which  it 
is  '.onnocted.  The  down-haul  rope  parallels  the  up-haul 
as  far  as  the  deflector  sheave,  and  there,  passing  down- 
ward over  the  other  groove  in  the  latter,  connects  to  the 
tower  at  a  point  in  convenient  reach  of  the  deck. 

F:otatlon  ot  the  drums  in  one  direction  winds  up  on  the 
up-haul  ropes,  causing  an  upward  force  at  the  deflector 
sheaves  and  th^is.  overcomlns  the  friction  of  the  tower 
she?ve  Journals  in  their  bearings,  the  unbalanced  weight 
of  suspending  ropes  and  the  Inertia  of  the  moving  parts, 
lifts  the  span.  All  four  of  the  operating  drums  are  locked 
together  by  the  connecting  gearing,  thus  insuring  the 
synchronous  rotation  of  the  sheaves  and  keeping  the  span 
at  all  times  parallel  to  its  original  position. 

To  keep  the  span  in  proper  alignment  between  the  towers, 
vertical  tracks  are  provided  on  the  four  tower  legs  adja- 
cent to  It.  and  on  these  tracks  bear  the  rollers  which  hold 
the  span  both  In  transverse  and  longitudinal  alignment. 
Wedge-shaped  steel  castings  at  the  foot  of  each  tower  en- 
gage close-flttlng  mating  castings  on  the  span  when  the 
latter  is  2  ft.  above  Its  seat.  Automatic  locks  hold  the 
brir^ge  down  when  once  seated.     Each  lock  consists  of  two 


cams  locked  together  by  two  segmental  gears,  and  counter- 
weighted  to  swing  toward  each  other  and  grip  a  link  hang- 
ing from  the  floor  beam  of  the  lift  span.  The  cams  are 
supiiortod  by  a  steel  casting  anchor  bolted  to  th.>  piers, 
and  the  link,  In  descending,  separates  them  and  is  in  turn 
hold  by  them  when  the  end  of  the  span  Is  1  in.  above  its 
llnal  down  position.  I'niocking  is  accomplished  by  a  foot- 
shaped  bar,  sliding  vertically  on  the  floor  beam  and  con- 
nected by  a  wire  rope  to  the  lock  lever  in  the  operatins 
house. 

The  counterweights  of  the  Halsted  St.  bridge  were  made 
of  cast  Iron,  but  considerable  money  has  been  saved  on 
the  Keithsburg  bridue  and  on  all  later  bridges  by  making 
them  of  concrete.  Each  weight  is  placed  between  two 
vertical  steel  members  connected  at  the  bottom  by  one  or 
more  laced  struts  and  ending  at  the  top  In  the  equalizing 
devices  to  which  the  suspending  ropes  are  attached. 

A  patented  form  of  equalizer  which  makes  the  IG  ropes 


•From  tin-  Novi-nit'iT  Journjil  of  .Vmcrlrnn  .'^orlctv  of  Meohnn- 
Ical  EnKlnecrK :  iibHtract  of  a  paper  prepared  for  the  New  York 
m«-etlnK  of  Iht-  .society. 


i^  -  •  -„-    c  .  _:     i._-.:.    : — r-.i:    of   Chicago 

River,  Chicago. 

receive  their  load  from  a  single  pin  effects  a  very  material 
SHVing  in  space  over  the  types  using  straight  horizontal 
bars  and  vertical  links,  and  has  the  advantage  of  being 
less  seriously  affected  in  the  event  of  failure  of  one  ot  the 
ropes. 

The  third  important  bridge  to  be  built  was  across  the 
Willamette  River  at  Hawthorne  Ave..  Portland,  Ore.  The 
lift  span  Is  244  ft.  long,  and  lifts  IIG  ft.  In  this  design  the 
machinery,  located  on  the  center  of  the  span,  is  much 
more  compact  than  In  the  Keithsburg  bridge,  all  gears  be- 
ing mounted  in  the  same  frame  instead  of  being  supported 
on  isolated  bearings  bolted  to  different  parts  of  the  steel- 
work.    Operation  Is  by  two  electric  motors. 

Flectric  power  is  far  superior  to  any  other  tor  lift  bridge 
operation,  as  It  makes  possible  niceties  in  control.  Direct 
current  motors  are  the  most  economical  to  use  because 
of   their   high   starting  torque   in    proportion   to   their   size. 

\A'hile  the  Hawthorne  Ave.  bridge  was  under  construc- 
tion another  lift  bridge  of  entirely  different  character  was 
being  designed.  This  was  the  425-ft.  span  of  the  com- 
bined highway  and  railway  bridge  across  the  Missouri 
River  at   Kansas   City.     It   consists  ot  two   decks,  a  flxed 
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upper  deck  for  highway  and  electric  railway,  and  a  lower 
deck  for  railway  traffic,  the  hanger  posts  of  the  latter 
telpscoping  into  the  truss  posts  of  the  former  as  the  lifting 
deck  rises. 

The  live  load  coming  on  each  lifting-deck  hanger  is  car- 
ried by  a  pin  into  two  saddle  diaphrams  in  the  upper  deck 
truss.  The  dead  load  is  carried  into  a  pair  of  suspending 
ropes,  which  terminate  in  a  counterweight  after  passing 
through  the  upper  deck  posts,  over  a  deflector  on  the  top 
chord,  along  the  chord  to  the  operating  sheaves,  and  down- 
v/ard  over  another  deflector.  There  are  15  panel  points, 
for  each  truss,  and  each  point,  except  the  two  in  the  cen- 
ter, has  one  counterweight:  the  center  points  have  two 
each,  making  32  in  all.  There  are  two  operating  sheaves 
at  each  end  of  the  bridge,  and  each  pair  is  controlled  by  a 


Fig.   2 — Bridge    No 

Tlie  old  swin^  spai 


Removal    ot 


motor  and  gear  train  near  it.  All  suspending  ropes  pass 
over  the  four  operating  sheaves.  The  two  sets  of  ma- 
chinery, one  at  each  end,  are  made  to  act  together  by 
moans  of  two  rope  drives,  one  acting  when  the  span  is 
lifting,  the  other  when  it  is  lowered. 

Each  intermediate  panel  point  of  the  lower  deck  is  locked 
by  a  cam,  and  each  end  of  the  span  is  latched  by  a  lock 
operated  by  a  wire  rope  pulled  by  a  segmental  sheave  in 
one  of  the  machinery  houses.  All  the  hanger  locks,  26 
in  number,  and  the  two  end  locks,  are  operated  by  the 
same  motor  and  gear  train. 

The  Willamette  River  bridge  of  the  Oregon-Washington 
Railroad  &  Navigation  Co.  is  a  combination  of  a  simple 
lift  span  and  the  lifting  deck  just  described.  This  lift 
span  is  211  ft.  long,  weighs  3,420,000  lb.  and  lifts  89  ft., 
while  the  lifting  deck  below  it  can  lift  independently  for 
46  ft.,  and  will  then  lift  with  the  span  for  89  ft.  The  ad- 
vantage   of    this   arrangement    is    that    the   highway    traffic 


on  the  upper  deck  is  not  interrupted  for  ordinary  river 
traffic,  as  the  upper  deck  must  lift  for  high-masted  ves- 
sels only.  There  are  5  or  6  full  operations  daily  and  10 
times   that  number  of  lower-deck  lifts. 

The  large  tower  sheaves  of  this  bridge  are  of  14  ft.  pitch 
diameter,  carry  16  2V4-in.  ropes,  and  are  made  of  cast-steel 
rim  segments  bolted  to  a  center  of  rolled-steel  plates  and 
cast-steel  hub.  The  sheave  bearings  are  provided  with  a 
system  of  wedges  which  permits  the  replacement  of  the 
I)hosphor-bronze  bushings. 

The  reason  for  making  these  large  sheaves  of  built-up 
plates  and  castings  was  because  ot  the  difficulty  of  getting 
single  steel  castings  of  adequate  size.  However,  consid- 
erable progress  was  made  in  three  years  in  the  manu- 
facture of  large  steel  castings.  Two  sheaves  used  in  the 
Missouri  River  bridge  at  Mondak,  Mont.,  are  of  12-ft.  pitch 
diameter,  weigh  7%  tons  each,  and  were  built  without  any 
failures  in  casting. 

In  the  bridge  designed  tor  the  Vladicaucase  Ry.  for  a 
crossing  of  the  Don  River  near  Rostoff,  Russia,  the  drums 
are  close  together  instead  of  being  at  the  opposite  ends 
of  the  main  drive  as  is  the  case  with  the  Pennsylvania  R. 
R.  bridge.  The  advantage  in  this  arrangement  is  one  of 
economy.  A  large  gear  reduction  is  made  at  the  drums 
and  there  is  only  one  line  of  shafting  across  the  bridge. 
With  the  reduction  used,  the  shaft  is  considerably  smaller 
than  one  of  the  two  required  in  former  layouts.  The  gear 
frame  is  also  much  smaller. 

One  of  the  heaviest  bridges  so  far  designed  is  that  over 
the  sou'h  branch  of  the  Chicago  River,  near  19th  St.,  known 
as  bridge  No.  458  of  the  Pennsylvania  Lines.  This  bridge 
carries  the  double  track  of  the  Pennsylvania  Lines  and 
will  be  used  by  the  Pennsylvania,  the  Chicago  &  Alton, 
and  the  Pere  Marquette.  There  is  no  closed  season  on  the 
liver  at  this  point  and  the  Government  required  that  the 
lift  span  should  be  erected  120  ft.  above  the  river,  the 
normal  clearance  for  the  span  when  liftfed.  As  it  was  not 
possible  to  drive  any  piling  into  the  river  bed  because  of 
the  resulting  obstruction  to  river  traffic,  the  falsework  had 
to  be  carried  entirely  on  the  piers  and  spread  out  from 
each  of  the  latter  in  a  fan  shape  upward  to  the  panel  points 
01  the  trusses.  There  were  no  connecting  struts  between 
the  two  sets  of  falsework  and  the  upper  end  of  the  lean- 
ing members  of  each  set  had  therefore  to  be  tied  back  to 
the  towers  with  steel  bars  and  plates. 

To  erect  the  span  with  120-ft.  vertical  clearance  would 
have  meant  that  these  top  chords  ot  the  falsework  must 
in  each  case  be  attached  to  the  tower  legs  half-way  be- 
tween two  of  the  horizontal  struts  of  the  bracing,  and  as 
this  was  not  considered  advisable  because  of  the  result- 
ing bending  in  the  tower  legs,  it  was  necessary  to  erect 
the  span  high  enough  to  allow  these  chords  to  come  in 
lino  with  the  next  higher  struts.  This  placed  it  at  130  ft. 
clearance  instead  of  the  120  ft.  required.  All  connections 
were  made  in  holes  from  which  the  rivets  had  for  the  time 
being   been   omitted. 

On  account  of  the  shape  of  the  falsework  the  erection 
of  this  span  upon  it  would  have  developed  an  uplift  in  the 
shoes  of  the  far  tower  legs  too  great  to  be  safely  carried 
by  the  anchor  bolts,  and  it  was  therefore  decided  to  build 
the  concrete  counterweights  in  such  a  way  that  their 
weight  would  be  carried  into  these  shoes.  This  was  done 
by  supporting  the  800  tons  of  concrete  at  each  tower  on 
girders  which  delivered  the  load  to  two  inclined  struts 
bearing  on  6-in.  pins  carried  in  saddle  castings  riveted 
into  the  columns  just  above  the  bases. 

There  was  nothing  unusual  in  the  erection  of  the  towers, 
the  derricks  being  stepped  up  from  story  to  story  /accord- 
ing to  practice  common  for  similar  structures.  The  heav- 
i.5st  pieces  in  them  are  the  bottom  sections  of  vertical  legs 
n?xt  to  the  lift  span  which  weigh  42  tons  each.  The  four 
sheaves  on  the  top  of  each  tower  weigh  31  tons  each  and 
are  the  largest  of  their  kind  so  far  built.  They  are  of  15 
ft.  pitch  diameter  and  each  pair  carries  16  2V4-in.  plow- 
steol    ropes,  each    weighing  with  its  sockets  about  2,000  lb. 

The  span  erection  was  carried  on  with  two  A-frame  der- 
ricks, the  work  progressing  on  the  two  sides  simultaneously. 
Only  enough  falsework  to  carry  the  end  panel  of  the  span 
was   first    set   from   the   towers,   and   after   the   erection   of 
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thefe  panels  the  derrk-l(8  were  moved  from  the  towers  to 
(heir  flrat  positions  on  the  spun,  directly  above  the  two 
sway  frames  nearest  the  ends.  From  here  more  falst*' 
work  and  nsore  steel  was  erected  and  the  derricks  were 
asain  moved  out.  To  regulate  the  temporary  lamber  to 
si'ir  the  erection  of  the  last  pieces  of  tup  chord,  four  hy- 
draiMic  jacks  were  set  beneath  the  bottom  chord,  imme- 
diately above  the  ends  of  th»?  four  last  members  of  the 
falsework,  because  of  the  eccentric  loading  on  the  towers 
there  was  bound  to  be  some  deflection  of  each  tower  to- 
ward the  river,  but  calculations  and  measurements  bad 
been  so  carefully  made  that  the  two  center  pieces  of  bot- 
tom chord.  To  ft.  i;  In.  in  lengtli  and  weighinK  'M\  tons  each, 
when  lowered  into  place  tilted  so  exactly  that  the  erection 
bolts  could  be  entered  without  the  use  of  drift  pins.  To 
get  the  last  pieces  of  top  chord  in  it  was  necessary  to  use 
the  jacks. 

I'ig.  2  shows  the  bridge  after  the  removal  of  the  false- 
work and  while  the  old  swing  span  was  still  in  service. 
This  hitter  was  partly  under  the  new  bridge,  both  open 
iind  closed,  and  as  more  than  :!Oii  trains  use  this  crossing 
every  day  it  was  very  Important  to  take  great  care  that 
nothing  should   be  dropped   from  the  span   loo  ft.  above. 

The  new  span  Is  272  ft.  9';^  in.  long,  lifts  112  ft.,  and 
weighs  l,(ii>o  tons.  At  present  it  will  be  lifted  at  the  rate 
of  15,n(R'  times  a  year,  for  it  lies  near  enough  to  the  water 
to  be  in  the  way  of  every  tug,  but  the  great  majority  of 
these  operations  will  require  lifts  of  only  a  few  feet.  In  a 
few  years  it  is  planned  to  raise  the  grade  at  this  cross- 
ing, and  tl-.e  design  of  the  bridge  was  carried  out  with  this 
idea  in  view.  Aside  from  raising  the  floor  systems  in  the 
towers,  lowering  one  story  of  tower  bracings,  and  raising 
tnr  base  castings  of  the  lift-span  shoes,  no  change  in  this 
bridge  will  be  necessary  to  accomplish  this  end.  The 
f-pan  Is  operated  by  two  .Jho-HP.  series  motors  drawing 
their  power  from  a  120-cell  storage  battery. 

The  electrical  indicator  and  limit  switch,  connected  to 
the  drive  hy  worm-gear  reduction,  indicates  by  lights  in 
the  operator".';  house  several  points  in  ihe  height  traveled 
by  the  span,  and  cuts  the  controller  circuit  near  each  limit 
of  travel,  thereby  breaking  the  main  circuit,  stopping  the 
motors,  and  applying  the  solenoid  brakes.  Waddell  & 
Harrington  were  the  designers,  represented  in  the  field 
by  the  writer,  and  the  Pennsylvania  Steel  Co.  were  the 
contractors  for  fabrication  and   erection   of  superstructure. 


American   Shipbuilding  During   the  War 

l<<  tween  .\pril  i;,  1S17.  the  dale  of  the  declaiation  of  war 
Ly  the  I'nited  States,  and  Nov.  11.  lalS,  the  date  of  the 
armistice,  merchant  vessels  built  in  the  I'nited  States  and 
otflcially  numbered  by  the  Bureau  of  Navigation.  Com- 
merce Department,  including  also  those  built  for  our  Allies 
or  for  neutral  nations,  numbered  2,985  of  :5,091.695  gross 
tons,  of  which  50G  of  2.li5ii.S14  gross  tons  were  ocean  steel 
steamers.     Table  I  shows  the  output  month  by  month. 


Conclusions    on   Causes  of    Con- 
crete Disintegration' 

By  A.  BLACK  IE. 

The  disintegration  of  concrete  Is  due  to  the  presence  of 
Ihe  so-ialied  alkali  salts  in  the  i  oil  and  to  tlie  presence  of 
gniund  water  which  dissolves  these  salts  and  carries  them 
into  the  concrete.  The  so-called  alkali  salts,  that  occur  In 
the  soil  in  this  district  are  sulphate  of  sodium,  magnesium 
and  calcium:  these  salts  are  also  found  in  the  ground  wa- 
ters. The  salts  are  found  In  deposits  and  I  think  are  gen- 
erally found  only  near  the  surface. 

Chemica'  analysis  of  dlsinte,:;rated  concrete  show  that 
the  disintegrated  portion  contains  a  much  higher  percentage 
of  sulphate  than  the  original  materials  used  in  the  concrete, 
and  also  that  the  disintegrated  mass  is  impregnated  with 
minute  crystals  of  calcium  sulphate;  these  crystals  are 
found  In  great  quantities  in  the  disintegrated  material,  and 
gradually  become  fewer  as  the  portion  of  the  concrete  un- 
acted upon  is  approached. 

The  solubilities  of  the  above  sulphates  in  cold  water  are 
in   the   following   proportions: 

MkSO,.  ,iO  parts  in  100  parts  cold  water 
N"a...SO,.   t.3  parts  in   100  parts  cold  water. 
ra.»<0,.  0.18  parts  in  100  parts  cold  water. 

As  might  be  expected  from  their  solubilities  the  deposits 
usually  contain  more  calcium  sulphate  than  Mg  or  Na 
sulphates. 

Action  of  Alkali  on  Concrete. — Research  into  the  chemical 
action  of  alkali  on  cement  has  been  carried  out  for  some 
years  by  different  experiment  stations  in  the  United  States, 
and  all  are  agreed  that  the  sulphates  are  the  principal 
cause  of  the  trouble.  Just  how  they  react  with  the  con- 
crete is  disputed. 

Bulletin  81  of  the  Montana  Experiment  Station,  published 
in  February.  1911,  advances  the  theory  that  disintegration 
is  due  to  the  formation  of  compounds  which  have  a  greater 
molecular  volume  than  that  of  the  compounds  in  cement 
which  are  acted  upon  by  the  solutions,  these  cause  ex- 
pansion and  subsequent  cracking. 

Another  theory  put  forward  is  the  formation  of  tri-cal- 
cium  sulpho-aluminate.  this  compound  causing  cracking 
and  subsequent  disintegration.  Technologic  Paper  No.  95. 
issued  by  the  Bureau  of  Standards.  In  llilT.  proves  that  this 
compound  cannot  be  formed,  but  the  authors  of  this  bulle- 
tin do  not  commit  themselves  to  any  definite  theory  and 
summarize  their  work  as  far  as  it  has  gone  with  the  fol- 
lowing conclusion: 

Xo  deflnlte  conclusions  can  yet  be  drawn  as  to  the  ultimate 
resistance  of  concrete  to  the  action  of  alkali  in  the  soils  and 
waters  of  the  project.  Ilowever.  the  complete  failures  found  at  the 
Belle  Kourche  project,  where  local  materials  were  used,  toyether 
with  the  action  which  has  commenced  on  the  surfaces  of  many 
of  the  lilocks  on  other  projects,  indlcate.s  that  materials  of  good 
ijuality  and  proper  workmanship  are  of  createst   Importance. 

Concrete    which    is    to    be    placed    In    alkali    soils    should    be 

'Fioni  a  paper  presenteil  before  the  Engineering  Institute  of 
Canada. 


/—Grand    total. — 


TABLE   I— MONTHLY    OUTPUT   OF   SHIPS    HUILT   IN   AMERICAN  YARDS. 

, Sea«otnR. >       ^— Nonseagoint;.— ^ 

Months.  , St^el. ^        . Wood. >        , Total. > 

1:MT —  Xumbe"-.     Gross.  Number.     Gros.«.  Number.     Gross.  Number.     Gross. 

.\pril    fi 7            ;t4.364  9          tl7,233  16  t5I.ri97  123  ■•9.201 

.May    11            :l«.0S6  19           3;i,004  30  ti9.090  162  22.137 

.lune    '.■2            97.908  9            31.216  31  129.124  196  22.S77 

July    14            r,4.!i91  7            14,113  21  69.004  1.S4  2n,14S 

.lygust    9            46.716  14             12.15.">  23  5S.871  152  27,171 

September y            35.073  12            12.513  21  \- 'm.  50  28.999 

iiftober                                 13            44.42"  22            35.s7!>  36  V'    '•■  vT  10.386 

.Vovenitx-i                             I'l            50.660  II             I(i.S72  30  s7  15.736 

n^.enib.r                               17             Sh.'H'  16             2ii.6II  33  1    ■      .■  :.2  16.053 

I9IK- 

.Innuary                               12            .•.3,74S  6              6.468  IS  •.ii.ilii  39  4.579 

February                             17            94,242  14             '7.87'  31  112.116  .".3  ."i.4S5 

Mnrrh                                            29            Il".040  12              20.776  11  13-..816  97  1 1  32'i 

.Vprll    ...  31             no. 637  If)              21.017  *<\  151.654  119  11.396 

.May*   ..  MO          157.698  13             16.463  .-.3  174.051  132  20.113 

.lune    ..  42          163.034  16            2'"..'.>S5  uS  19(i,om  ISO  11.4n6 

lulyt   ...  37          146,981  38            72  7r:  TS  r-ii -ft<!  l"!  tio.223 

.\ueust    49          191.102               3?            "  >  «9  l?."fiO 

.«eptpmber    46          177.765  54  "n  "  n"'- 

Oclober    :^'i          •;2H.203  .13  I  l"  i"4 

To  Nov.  11  (inclualvei 25          112.429  24  l'  2.r'3S 

Grand  total    .• 508      7.0SC.R14  403          ;53.1&tt  !•«•.  ».809.970  2.076  281.726 

•Includes    1    cement    vessel   of  S.427  groas   tons,  tincludes  1   ce-"enl  vessel  of  S26  gross  tons. 
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made   oi   selected   and   tested   materials,    so   proportioned   as   to  final    paragraph    of    Bulletin    113    from    the    University    of 

produce  a  dense  concrete.    As  small  an  ainount  of  mixing  water  Wyoming,    summarizes    the    whole    situation,    that    is,    that 

should  be  used   as   will   allow   the  mass   to  be  properly   placed.  ground    water   must   be   taken   care   of.      The   writer's   first 

Unless   these   precautions   are   taken  the   resistance  of  the   con-  experience  of  the  disintegration  of  concrete  occurred  when 

Crete  to  alkali  will  be  reduced.  ^^^^^  yg^^j.^  gg^  jjj  Winnipeg  It  was  reported  that  one  of  the 

Cement    Draintile    in   Alkali    Soil.— On   page   93   of   Tech-  large  concrete  sewers  of  the  city  was  being  destroyed  by 

nologic  Paper  No.  95,  Bureau   of  Standards,  the  following  sewage.      The     disintegration     occurred    high    up     in    the 

conclusions  are  drawn  regarding  the  use  of  cement  drain-  gewer,  and  that  there  was  no  evidence  of  disintegration  at 

tile  exposed  to   soils  and  water  containing  alkali  salts  in  ^^  jjg^j.  ^jjg  .^ater  level.     The  disintegrated   concrete  was 

quantities  of  0.1  per  cent  or  more:  soft  and  of  putty-like  consistency. 

1.  The  use  of  cement  tile  in  soils  containing  alkali  salts  in  ^jj  analysis  of  a  sample  of  disintegrated  concrete  from 
large  quantities  is  experimental.  this  gewer  showed  the  sulphate  content  to  be  2.54  per  cent. 

2.  Porous  tile,  due  to  the  use  of  lean  mixtures  or  relatively  rpj^g  egnprete  from  which  the  sewer  was  made  consisted  of 
drj'  consistence,  are  subject  to  dismtegration.  limestone,    sand    and    cement.      Although    we    have    no    an- 

.3.     some  dense  tile  are,  under  certain  cond:t>ons.  subject  to  ^^  ^^^^^  materials  It  may  be  assumed  that  with  the 

surface  dismtegration.  „..                    ^j.,,                   *            »-,              u* 

4.  Disintegration  is  manifest  by  partial  disruption,  caused  by  exception  of  the  cement  the  concrete  materials  would  not 
the  expansion  resulting  from  the  crystallization  of  salts  in  the  contain  any  sulphate.  If  we  assume  that  the  cement  used 
pores  and  by  softening,  resulting  from  chemical  action  of  the  contained  2  per  cent  SO;,,  (the  standard  specifications  re- 
solutions with  the  constituents  of  cement.  quire  that  Portland  cement  shall  not  contain  more  than  1.75      ' 

5.  ^Vhile  results  obtained  will  not  permit  of  a  definite  state-  pgp  gg^t  SO.),  and  that  the  concrete  was  mixed  in  pro- 
ment  as  to  the  relative  effect  of  the  various  constituents  of  the  portions  1  part  cement  to  7  parts  of  aggregate,  then  the  SO, 
salts,  indications  are  that  the  greater  the  quantity  of  sulphate  .^  ^^^  concrete  would  be  0.25  per  cent,  yet  the  analysis 
and  magnesium  ^'<^''^^\^^^J'\''^^^'^!^^^^^^^^              concentration  ^^^^^^^ 

of  salts  the  greater  will  be  the  disintegrating  effect.  „          ,          ^                i«           «            ii_                            uj- 

6     Tile   made   bv  the  process  commonly   used,   which   allows  Samples   of  concrete   from   four  other   sewers   where  dis- 

the  removal  of  forms  immediately  after  casting,  are  subject  to  integrated  concrete  was  found  showed  SO,  content  5.02  per 

disintegration  where  exposed  to  soils  or  waters  containing  one-  cent,  5.0.3  per  cent.  2.35  per  cent  and  5.90  per  cent.     These 

tenth  per  cent  or  more  alkali  salts  similar  in  composition  to  those  percentages   are   all   very   much   higher  than   could   be  rea- 

encountered  in  this  investigation.  sonably    expected    and    confirm    the    results    of    laboratory 

7.    The  hand-tamped  tile  of  plastic  consistency,   as  made  in  experiments    which    show    that    solutions    containing    mag- 

this    investigation,    are   not   equal    in    quality   to    machine-made  ^ggj^j^    ^^^    godlum    sulphate    react   with   the    cement   and 

tile   of  ^  the   same  mixture,   and   they   do  not   resist   alkali   action  ^^^^   ^^^   limestote. 

^^S^^Steam-cured    tile    show    no    greater    resistance    to    alkali  From   various   minor  laboratory   experiments   carried   out 

action  than  tile  which  are  cured  by  s.vstematic  sprinkling  with  by  the  writer  at  different  times  a  conclusion  was  reached 

^ater.  tli3-t   some   Interesting  information   might   be  obtained   and 

9.  Tile  made  of  sand  cement  have  less  resistance  to  alkali  some  light  thrown  upon  the  disintegration  of  the  concrete 
action  than  tile  made  of  Portland  cement  of  the  same  proper-  j^y  determining  the  action  of  the  various  alkali  solutions 
tions.  upon  the  sands  used  locally  In  the  composition  of  concrete. 

10.  The  tar  coating,  as  used,  is  not  effective  in  preventing  the  Accordingly  some  tests  were  made  using  a  sand  known 
absorption  of  alkaU  salts  from  the  soil.                             ^..,«nHn=r  locallv  as   Birds   Hill   sand,   and   having  the   following  com- 

11.  The   cement-grout   coating   is   not   effective   in   preventing  ■                                             ,                         o                             <= 
the  absorption  of  alkali  salts  from  the  soil.  position: 

12.  No  advantage  is  found  in  introducing  ferrous  sulfate  into        giuga    (SO,)     .^y.47^54 

the  cement  mixture.  Iron  and  aTumiria'  (FeaOj&.iioO:,)    28.32 

If   cement   draintile   are   to   be   used   in  alkali   soils   or   waters        Loss  on  ignition   19.32 

containing  0.1  per  cent  or  more  of  salts,   similar  in   composition        j'i™"eTium^(M-) 057 

to  those  encountered  in  this  investigation,   they  should  be  made        ^  ~  =      ■ ' — ; — 

of  good  quality  aggregate  in  proportions  of  not  less  than  1  part  99.46 

Portland  cement   to   3   parts   aggregate.     The   consistency  should  It  was  found  that  .009  per  cent  was  soluble  In  water  and 

preferably  be  quaking,  which  has  proved  the  most  resistent  of  qj  this   .0012   per   cent   existed   as   w^ater  soluble   sulphates, 

all  mixtures  used.     This  is  wetter  than   that  generally  used  in  gtgted  as  SO,.     The  sand  was  then  extracted  with  the  fol- 

commercial   tile   plants   and   will   probably   require   the   retention  iQ.5yijj„  solutions- 

of   the   tile   in   the   molds   for   several  hours,   unless   some   means  ^      ^^^^  magnesium  sulphate. 

are  found  to  hasten  the  hardening  of  the  cement.  2.     59'o    calcium    sulphate   plus    10%    sodium    chloride. 

Tests    at    University    of    Wyoming.-The    University    of  ^^^^^    experiments    showed    that    to    some    extent   these 

Wyoming    Agricultural    Experiment    Station,    Bulletin    No  ^jj^j^jj^g  goUitions  had  a  solvent  effect  upon  the  lime  in  the 

113,   published   in   March,   1917,   summarizes   the  results   of  ^^^^^      ^^^^^  ^^^^^  ^^^^  ^^^  brought  to  a  definite  conclu- 

their  work  with  the  following  conclusions:  ^j^^^  ^^^^j  (^„.tller  Investigation  is  necessary  along  this  line. 

1.     cement  put  into  solutions  of  alkali  sets  as  we  1  as  m  water.  ^^^^^   ^^^^   ^^^^  ^^^^   ^^   briquettes   made 

2  In  solutions  of  sod  um  sulphate  CaSOj  2H2O  is  formed.  .                                    <,    1    *„    o    v,„ 

3  In  solution  of  magnesium  sulphate  CaSO.  2H.O  and  with  cement  and  limestone  m  proportions  of  1  to  3  by 
M-'COH)-.  are  formed.  -veight.     The  limestone  was  graded  so  that  its  grains  would 

°4.    In  solution  of  sodium  chloride  a  silicate  is  formed.     The  be  the  same  size  as  those  of  standard  Ottawa  sand.     The 

high  percentage  of  sodium  in  this  silicate  is  likely  the  reason  for  briquettes  were  placed  in  the  following  solutions: 

the  increase  of  insoluble  sodium  in  the  cement.                             ^  5^^  magnesium  sulphate. 

5      Sodium  chloride  in  solution  or  its  presence  in  solution  with  10%  sodium  sulphate, 

other  alkali  salts,  has  its  effect  chiefly  through  a  solvent  action.  5'ii  paloium   sulphate  plus  5%   sodium  chloride. 

6.  Of  the  solutions  tested  the  5  per  cent  sodium  sulphate  had  ^^d  also  in  a  solution  made  from  white  soil  deposit  having 
the  greatest  disintegrating  effect.  the   composition: 

7.  Solutions  containing   (mixed)   chlorides,  sulphates  and  car-        calcium  sulphate   62.5 

bonates  had  the  least  effect.  Magnesium  sulphate    37.5 

8.  Mortars  disintegrate  faster  than  neat  cement.  These   briquettes    showed   rapid   deterioration   by   soften-  • 

9.  The  formation  of  compounds  of  greater  molecular  volume  ^^  ^^^  reduction  in  tensile  strength,  and  also  by 
than  the  volume  of  calcium  hydroxide  is   not  the  cause  of  the  ^^^   ^^^^^.^^   becoming   turbid. 

dismte^at^ion^of^cemen^^^^   of   the   disintegration   of   cement   is  Tests   of  Greater  Winnipeg   Water   DIstrlct.-In  previous 

due    to    the    alkalis   forming    compounds    with    the    elements    of  experiments   some   indication   had   been   given    that   mortar 

cement,   which   are   subsequently   removed   from   the  cement   by  coming  into  contact  with  the  alkali  ground  water  before  it 

solution.  iiad  thoroughly  hardened  would  disintegrate  rapidly.  With 

Experiences  at  Winnipeg  with   Disintegrated   Qoncrete. —  this  in  mind  a  series  of  tests  were  made  in  connection  with 

The  conclusions  drawn  in  all  these  summaries  are  more  or  the  officials  of  the  Greater  Winnipeg  Water  District. 

less  supported  by  experimental  work  and  yet  they  are  to  Four  sands  were  selected  for  these  tests  differing  both  In 

some   extent    contradictory.     This   shows   the   necessity   of  grading    and    chemical    composition.      A    large    number    of 

further  work  and  research  on  the  question.     However,  the  briquettes  were  made  from  these  sands  for  1  to  2  and  1  to 
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3  raortars.  A  set  of  neat  cement  briquettes  were  also 
made  for  comparison. 

For  each  mortar  ^0  briquettes  were  made  and  cured  24 
hours  in  a  moist  closet,  ;o  of  these  were  then  placed  in  the 
following  solutions: 

(1)  Distilled  water;  (2)  tap  water:  (3)  10  per  cent  mag- 
nesium sulphate;    (4)   lo  per  cent  sodium  sulphate. 

The  remaining  20  briquettes  were  steamed  by  being 
placed  on  a  rack  over  water  in  a  copper  boiler  such  as  is 
used  for  testing  cement  pats.  The  temperature  was  main- 
tained as  nearly  as  possible  at  150°  V.  .After  48  hrs.  steam- 
ing the  briquettes  were  placed  in  solutions  correspondlnK 
to  tho.se  used  for  the  unsteamed  sets.  From  the  five 
briquettes  in  each  of  the  sulphate  solutions  two  were  re- 
moved and  kept  In  air  for  24  hours  and  then  replaced  in 
solution  24  hours.  This  treatment  was  continued  through- 
out the  test  which  was  for  a  period  of  3hi  months.  Some 
of  the  briquettes  disintegrated  and  some  remained  firm. 
In  general  1  to  2  mortars  withstood  the  action  of  the  sul- 
phates better  than  the  1  to  3  mortar.s  and  the  unsteamed 
briquettes  better  than  the  steamed.  Some  of  the  latter 
were  so  badly  swollen  and  disintegrated  that  it  was  thought 
advisable  not  to  break  them  but  to  keep  ftem  for  e.vhibition. 
In  order  to  throw  some  light  on  the  cause  of  the  failure  of 
some  of  the  mortars  to  resist  the  action  of  the  sulphates 
some  density  tests  were  made  on  the  various  mortars 
used   in   these  briquettes. 

On  comparing  the  figures  obtained  for  density  with  the 
resistance  of  the  mortars  to  the  alkali  solutions  it  was  ob- 
served that  in  general  for  a  given  cement  content  the  mor- 
tar with  the  lowest  density  disintegrated  first. 

In  the  case  of  standard  Ottawa  sand  1  to  3  mortar  there  is 
insufficient  cement  paste  present  to  fill  the  voids  in  the 
sand.  These  briquettes  disintegrated  very  badly.  The 
neat  cement  specimens  were  practically  unacted  upon.  One 
of  the  mortars  on  removal  from  the  sulphate  solutions 
showed  a  strength  after  3^4  months  of  GOO  lb.  whereas  the 
strength  of  same  mortar  in  distilled  water  for  same  time 
was  360  lb. 

To  summarize  the  results  of  these  experiments.  As  far 
as  they  have  gone  they  seem  to  indicate  that  the  action 
of  the  sulphates  on  mortar  is  proportional  to  the  porosity  of 
the  mortar.  In  view  of  the  fact  that  comparatively  little 
time  has  been  available  to  go  into  this  matter  thoroughly 
the  re.'sults  of  these  tests  should  only  be  taken  as  pointing 
to  a  line  of  further  investigation  which  should  vield  most 
interesting  results. 


Ten  Rules  for  Foremen 

The  following  rules  are  reprinted  from  a  recently  issued 
bulletin  of  the  National  Safety  Couiuil: 

Bo  fair.  Have  no  favorites  and  no  scapegoats.  A  fore- 
man has  to  act  as  judge  many  times  every  day;  therefore 
he  must  be  just. 

Make  few  promises  and  keep  them.  A  foreman  must  be 
exact  In  this  particular.  Sometimes  a  foreman  forgets  that 
his  job  requires  a  high  standard  of  truth  and  honor. 

Don't  waste  anger— use  it.  Anger  is  valuable  and  should 
not  be  used  carelessly.  Keep  your  most  forceful  language 
for  special  occasions. 

Always  hear  the  other  side.  Never  blame  a  worker  until 
he  has  been  given  a  chance  to  give  his  point  of  view. 

Dont  hold  spite— forgive.  When  you  have  had  to  scold 
a  v.orker.  go  to  him  later  and  show  him  his  faults  in  a 
friendly  way. 

Never  show  discouragement.  Never  let  yourself  be  beat- 
en. A  foreman  must  have  perseverance  and  the  "never  say 
die"  spirit. 

Notice  good  work  as  well  as  bad.  Let  the  workers  see 
that  you  can  appreciate  as  well  as  condemn. 

Watch  for  special  ability.  Take  a  keen  human  interest 
In  your  workers.     Put  each  one  where  he  can  do  his  best. 

Take  your  full  share  of  blame.  This  Is  the  most  difficult 
of  all.  The  foreman  who  can  share  both  blame  and  praise 
with  his  workers  has  discovered  the  secret  of  managing 
men. 

Prevent  accidents.  Educate  or  eliminate  the  careless 
man.    The  good  foreman  Is  known  by  his  men. 


Qualifications  and  Opportunities 

for  Engineer  Salesmen   in 

Export  Field* 

Uy  S.  T.  HKNUV, 
Vice- President.  Allied  Conmruction  llarhlncry  Corporation. 
Large  and  permanent  export  markets  for  standard 
American  engineering  machinery  can  be  built  up  abroad 
by  the  introduction  of  American  methods  of  using  such 
machinery.  The  introduction  abroad  of  American  Indus- 
trial methods  was  a  slow  and  tedious  process,  until  recently. 
Several  large  American  manufacturers  had,  however,  con- 
ducted such  introductory  work  with  marked  success.  They 
had  sent  into  various  countries  of  the  world  sales  engi- 
neers, who  were  well  grounded  in  the  use  of  their  machin- 
ery While  these  engineers  went  as  salesmen,  their  work 
was  to  educate  the  engineers  and  the  industrial  men  of 
other  countries  regarding  American  methods.  They  had 
to  show  these  prospective  customers  why  our  way  waa 
the  cheaper  way.  They  had  to  prove  that  the  use  of  our 
standard  machines  would  produce  results  more  quickly  and 
economically  than  special  machinery.  These  men  worked 
under  great  handicaps.  But  they  made  good.  They  dem- 
onstrated that  it  was  then  highly  practicable  to  sell  stand- 
ard American  machinery,  instead  of  merely  taking  orders 
that  were  offered  for  special  machines. 

In  the  last  two  or  three  years  conditions  have  changed 
completely.  The  world  has  learned  more  in  that  time  about 
.American  engineering  machinery  and  American  engineer- 
ing methods  than  could  have  been  forced  upon  it  in  a  gen- 
eration through  the  most  strenuous  commercial  efforts.  En- 
gineers from  everywhere  know  the  wonderful  results  our 
forces  have  achieved  In  building,  equipping  and  operating 
port  works,  railways,  highways,  and  machine  shops  in 
France.  The  world  Is  ready  now  to  adopt  American  Indus- 
trial methods. 

That  this  change  has  occurred  is  demonstrated  by  the 
character  of  the  inquiries  that  are  being  received  by  every 
American  manufacturer  of  engineering  machinery  who  has 
made  any  real  effort  to  secure  export  business.  The  great 
bulk  of  engineers  from  overseas  do  not  inquire  now  about 
the  technical  details  of  the  machines  only.  They  want  to 
know  how  the  machines  are  used.  They  want  to  know 
whether  the  problems  that  they  have  to  meet  can  be  solved 
by  American  methods.  The  whole  Industrial  world  wants 
to  be  educated  in  our  way  of  doing  engineering  work. 

If  the  opportunity  is  handled  right,  no  limitations  of  the 
trade  possibilities  thus  presented  need  be  considered.  The 
thing  is  to  put  the  work  in  the  hands  of  men  who  are  thor- 
oughly schooled  in  American  method.«  of  using  American 
machinery.  It  goes  without  saying  that  these  men  must 
have  commercial  sense.  They  must  know  how  to  deal 
with  other  business  men.  But  above  all  they  must  have 
the  "know  how"  of  what  they  are  trj-ing  to  introduce.  They 
must  be  able  to  sell  Ideas,  not  merely  to  take  machinery 
orders. 

A  few  examples  may  Illustrate  bow  engineer  salesmen  of 
siich  qualifications  work.  These  examples  also  will  indi- 
cate the  type  of  men  required  to  introduce  American  engi- 
neering methods  and  to  sell  the  standard  American  ma- 
chinery used   in  following  such   methods. 

Take  the  largest  American  manufacturer  of  mining  ma- 
chinery: This  concern  and  Its  predecessors  consistently 
h:v:c  followed  for  a  generation  a  policy  of  using  engineer 
salesmen  abroad.  The  company  has  branch  offices  or  agen- 
cies in  all  of  the  countries  In  the  world  where  mining  and 
(|ii:irrylng  are  done  on  any  considerable  scale.  In  each  of 
the^e  branches  or  agencies  there  is  located  one  or  more 
engineers  who  have  had  considerable  experience  In  Ameri- 
can methods  of  mining  and  quarrying. 

These  men  are  actually  selling  drill  holes  in  the  rock 
and  tons  of  ore  In  the  car,  instead  of  rock  drills  and  com- 
pressors. When  a  new  proposition  comes  up  they  help  to 
study  the  conditions  to  be  met  and  advise  what  equipment 
Is  best  suited  to  these  conditions.     In  the  case  of  existing 

•Vrom  a  paper  presented  Nov.  14  bofore  the  Technical  Publicity 
.\siK>cinllon. 
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works  they  must  go  right  in  and  prove  how  American 
machinery  and  American  methods  will  save  money  as  com- 
pared with  what  is  being  used.  When  up  against  cheap 
peon  labor  in  Mexico,  tor  example,  it  is  not  easy  to  get  a 
native  mine  owner  to  substitute  an  expensive  mechanical 
plant  for  plentiful  hand  labor.  He  must  be  shown  that  the 
cost  per  ton  of  ore  brought  to  the  surface  is  less  with  such 
a  plant. 

Work  of  this  kind  is  too  deep  water  for  a  commercial 
salesman  who  can  readily  switch  from  shoes  to  millinery. 
It  requires  men  who  know  from  experience  what  the  cus- 
tomer wants  to  know.  Men  of  these  qualifications  become 
practically   a    part   of   their   customer's   organizations. 

Here  is  another  case:  American  sawmill  machinery  is 
used  quite  extensively  in  a  far  eastern  country,  as  a  result 
of  the  work  of  a  single  American  engineer  salesman.  This 
man  knew  thoroughly  American  methods  of  cutting  timber, 
handling  logs  and  running  saw-mills.  When  he  went  to 
this  country  a  few  years  ago  he  was  totally  unfamiliar  with 
the  language.  He  went  out  and  lived  among  the  timber 
operators  where  he  learned  their  language,  their  customs 
and  their  conditions.  He  did  not  meet  the  peculiar  de- 
mands of  the  local  lumbermen  for  machinery.  Instead,  he 
showed  them  how  American  methods  could  cut  more  and 
better  lumber  for  them  at  less  cost.  These  American 
methods   required   standard   American   machinery. 

Scarcely  a  logging  or  a  saw-mill  job  comes  up  in  that 
country  now  without  this  man  being  consulted  in  regard  to 
it.  His  knowledge  of  the  engineering  side  of  the  business, 
his  keen  commercial  sense,  and  his  willingness  to  get  right 
out  on  the  firing  line  far  outweighed  his  previous  lack  of 
knowledge  of  the  language  and  customs.  No  commercial 
salermen,  familiar  with  the  language  and  the  customs  of 
the  country,  but  lacking  the  engineering  knowledge  of  the 
trade,  could  have  hoped  to  make  good  at  all  in  this  work. 

Numerous  other  examples  of  the  success  of  American  en- 
gineer salesmen  abroad  could  be  cited.  One  more  in  an 
entirely  different  field  should  be  sufficient  to  indicate  the 
possibilities.  In  this  case  hand  labor  is  employed  in  exca- 
vating and  loading  into  small  cars  great  quantities  of  a 
certain  kind  of  commercial  salt.  The  material  lies  almost 
at  the  surface  in  a  stratum  that  is  comparatively  uniform 
in  thickness  and  character  over  large  areas  of  level  ground. 
The  industry  is  almost  exclusively  in  the  hands  of  English. 
German  and  native  concerns.  Their  engineers  were  con- 
vinced that  it  was  impracticable  to  use  anything  except 
hand  labor  in  extracting  the  material  from  the  ground  and 
loading  it  into  cars.  The  climatic  and  other  conditions 
were  such,  at  the  same  time,  that  it  is  very  difficult  to  keep 
labor  on  the  job. 

Working  under  these  great  handicaps  the  industry  has 
become  one  of  the  principal  lines  of  business  of  an  impor- 
tant country.  Each  of  the  workings  involves  a  large  in- 
vestment for  an  extensive  refinery  and  tor  railways  lead- 
ing from  the  point  where  the  material  is  excavated  to  this 
refinery.  The  limitation  on  production  is  the  amount  of 
material  that  can  be  delivered  to  the  plant.  The  cost  of 
blasting  and  excavating  the  material  also  is  a  large  part 
of  the  total  cost  of  delivering  the  refined  salt  to  the  dock 
for  shipment. 

Eased  upon  the  opportunities  thus  presented  an  Amer- 
ican concern  sent  an  engineer  salesman  to  study  the  sit- 
uation. As  a  result  of  the  work  that  has  been  done  by  this 
man  in  introducing  American  methods  of  excavating  and 
handling  the  material,  the  indications  are  that  the  whole 
indiistry  will  be  completely  changed,  so  far  as  the  field 
operations  are  concerned.  The  market  thus  presented  for 
standard  American  equipment  is  a  tremendous  one. 

Wherever  you  find  an  American  sales  engineer,  trained 
for  work  in  foreign  fields,  you  will  find  him  introducing 
American  methods  in  the  manner  that  these  examples 
illustrate.  At  home  you  will  find  that  the  executives  who 
have  had  experience  with  men  of  this  calibre  are  con- 
vinced what  overseas  policy  they  must  follow  to  get  results. 
The  ordinary  commercial  salesman  simply  will  not  do.  The 
engineer  salesman,  of  proper  qualifications,  is  almost  as- 
sured of  success  in  realizing  on  the  opportunities  that  are 
presented  in  foreign  markets  to  American  engineering  ma- 
chinery manufacturers. 


Scarcity  of  the  right  kind  of  men  is  the  one  big  problem 
in  adopting  a  sales  engineering  policy  in  export  market- 
ing. So  many  qualifications  are  desirable  that  an  enumera- 
tion of  them  would  appear  to  reduce  the  candidates  to  a 
very  few.  Just  as  it  is  in  domestic  work,  however,  it  rarely 
is  possible  to  find  a  man  who  matches  up  completely  to  the 
req'urements   of  the   job. 

It  is  comparatively  easy  to  find  men  who  are  thoroughly 
grounded  in  American  methods  of  using  any  line  of  engi- 
neering machinery.  When  these  men  are  sorted  on  the 
basis  of  ability  to  deal  with  business  men,  the  percentage 
of  rejections  is  large.  Those  who  do  pass  this  test  are 
nearly  all  eliminated  when  considered  as  to  their  commer- 
cial sense.  This  does  not  necessarily  apply  to  their  com- 
mercial experience,  but  rather  to  their  ability  to  sense  a 
commercial   situation. 

The  few  candidates  who  are  left  w-hen  these  few,  sim- 
ple tests  have  been  applied  would  nearly  all  be  discarded 
on  account  of  a  lack  of  knowledge  of  any  foreign  languages. 
It  frequently  is  necessary,  therefore,  to  overlook  this  very 
essential  qualification  and  to  send  out  to  a  foreign  coun- 
try a  man  who  *|ust  learn  the  language  after  he  arrives. 
Any  man  who  goes  out  thus  handicapped  is  bound  to  have 
to  work  under  very  great  difficulty.  Experience  gained  by 
a  number  of  American  engineering  machinery  manufactur- 
ers has  demonstrated,  however,  that  such  a  handicap  is 
far  less  serious  than  a  lack  of  knowledge  of  American 
methods  of  using  the  machinery  to  be  marketed. 

This  conclusion  is  heresy  in  the  minds  of  most  people 
experienced  in  regular  commercial  export  trade.  Right 
here  it  is  well  to  draw  a  very  definite  line  between  the 
marketing  abroad  of  commodities  and  articles  of  ordinary 
commerce  and  the  sale  of  engineering  machinery.  In  the 
one  case  it  is  unquestionably  necessary  to  adapt  the  com- 
modity or  article  to  the  needs  of  the  country.  For  ex- 
ample, it  is  impracticable  to  attempt  to  substitute  an 
American  hatchet  for  a  Cuban  machete.  It  is  likewise  neces- 
sary for  a  salesman  of  shoes  to  know  the  whims  of  the 
average  man  and  woman  of  the  country  in  which  he  is 
trying  to  do  business.  But.  antiquated  industrial  and  en- 
gineering methods  are  much  the  same  the  world  over. 
When  the  operations  affected  are  sufficiently  large  to  jus- 
tify the  use  of  machinery,  instead  of  hand  labor,  the  work 
is  nearly  always  in  charge  of  men  who  can  understand 
engineering  arguments.  These  arguments  are  the  same 
everywhere.  It  certainly  is  a  handicap  not  to  be  able  to 
present  them  in  the  language  of  the  men  to  whom  an  en- 
gineer salesman  must  talk.  It  is  a  far  greater  handicap, 
however,  not  to  know  what  the  arguments  are. 

The  lack  of  business  qualifications  in  most  American 
engineers  is  a  sad  reflection  on  the  work  of  our  engineer- 
ing schools.  It  is  a  fact,  however,  that  the  courses  in  these 
schools  tend  to  give  most  of  the  young  men  who  take  them 
an  entirely  wrong  viewpoint  of  the  commercial  side  of  en- 
gineering. Our  technical  societies  also  have  over-stressed 
the  ethical  side  to  such  an  extent  that  an  engineer  who  has 
anything  to  do  with  business  loses  more  or  less  of  his  pro- 
fessional standing.  This  seems  strange  in  light  of  the  fact 
that  engineering  is.  after  all.  a  matter  of  dollars  and  cents. 
Such  an  attitude  on  the  part  of  engineers  toward  business 
is  probably  a  relic  of  the  old  days  of  pure  science  educa- 
tion. Whatever  the  cause  may  be,  the  time  has  arrived 
when  our  engineering  schools  and  our  engineering  socie- 
ties will  either  have  to  get  a  new  viewpoint  regarding  com- 
mercial affairs  or  fail  to  produce  the  engineer  salesmen 
which  American   industry   needs  so  greatly. 

Many  suggestions  have  been  made  as  to  what  courses  our 
technical  schools  should  give.  One  suggestion  in  regard 
io  the  foreign  language  work  required  of  engineer  students 
may  not  be  amiss  here.  It  would  seem  that  these  courses 
could  be  given  in  a  practical  way.  Young  engineers  should 
study  a  language  as  it  is  studied  by  men  who  must  have  it 
for  commercial  use  abroad.  Most  important  of  all.  the 
student  should  be  thoroughly  convinced  in  advance  of  the 
value  of  the  language  to  him.  With  some  practical  plan  in 
place  of  the  kind  of  language  study  now  given,  one  of  the 
chief  handicaps  to  American  engineer  salesmen  abroad 
would  soon  be  eliminated. 
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Construction   of    Concrete   Grain 
Bins  With  Steel  POrnis  Sup- 
ported on  Central  Mast 

A  ri-»)ln.  .':;,. "iiMi  bu.  lapurily,  coiureli-  araiu  Htorage  tank 
«a.s  built  in  f.  weeks'  time  with  a  Bang  of  ;">  men,  by  the 
I'olk.  Oenung.  Polk  Co..  ol  Fort  Branch.  Ind..  for  the 
llanley  Milling;  Co.,  .'f  Coshoi'ton.  I).  The  battery  ron!<iHtK 
(if  four  iL'ft.  firc-ular  bins  .".I  it.  hiKh.  spaced  "S  In.  apart, 
with  straight  connecting  walls,  forming  a  central  Interstice 
bin  of  about  the  same  capacity  as  the  circular  tanks.  The 
foundation  Is  a  V-'-ln.  reinforced  concrete  slab.  30  ft.  square 
with  a  12  in.  by  \'l  in.  footing  around  the  outer  edge.  This 
foundation  slab  forrus  the  roof  of  the  i\  ft.  by  (>  ft.  conveyor 
tunnel,  extending  under  the  bins  i.nd  paralleling  the  flour 
mill. 

The  circular  walls  of  the  bins  are  t;  in.  thick,  and  the 
straight  connecting  walls  are  8  in.  thick.  The  reinforcing 
in  the  bin  walls  is  ',^  In.  square  twisted  steel  rods  on  8  In. 
renters  In  the  first  :;o  ft.,  and  %  in.  rods  on  8  In.  centers 
for  the  remaining  2J  ft.  Tlie  straight  walls  carry  the  same 
reinforcing  longitudinally,  the  bars  extending  into  V-shoped 
grooves  cast  in  the  circular  walls  at  the  point  of  contact. 
Vertically  the  reinforcing  consists  of  %-in.  bars  on  29'4-in. 
cent»'rs.  The  bins  have  :i  unit  construction  concrete  roof. 
S  in.  thick  at  the  ronter  ai.d  4  in.  at  the  edge.  The  roof 
reinforcing  is  H-'n.  steel  bars,  on  t;-in.  centers.  Surmounting 
the  roof  Is  a  12-ft.  circular  concrete  monitor,  containing  the 
elevator  and  turn  heads;  all  spouting  Is  done  directly  into 
the  tops  of  tanks  and  within  the  monitor. 

The  concrete  walls  for  two  circular  bins  were  constructed 
simultaneously.  Steel  forms  of  the  standard  type  em- 
ployed by  the  contractors  for  construction  of  cylindrical 
structure.^  were  employed.     These  forms  are   I  ft.  high,  and 


Radi 


,  Scaffolds 


twlatt. 


Fig.  1  —  Arrangement   of    For 

are  made  with  steel  plates  having  exterior  horizontal  angle 
stlffeners  and  vertical  angle  flanges  at  the  joints  between 
sections  which  are  disconnected  to  permit  stripping  and 
moving  th(?  forms.  The  forms  and  scaffolds  are  suspended 
from  a  mast,  consisting  of  a  heavy   |-in.  pipe  centered  with 


the  bin,  and  are  moved  upwardly  as  the  work  progresses 
by  means  of  steel  Jacks  with  a  4-ft.  stroke,  carried  on  an 
iron  collar  attached  to  the  mast.  A  radial  derrick  arm 
with  trolley  hoist  for  elevating  and  delivering  concrete  to 
the  forms  also  Is  attached  to  the  mast.  The  arrangement  Is 
shown    in    KIg.    l.    l-lgun-    j    shows    work    underway    on    the 


Fig.   2— Work    Under    Way   on   the   Second    Pair   of    Bini. 

second  pair  of  bins  after  completion  of  the  first  pair.     All 
the  workmen  on  the  job  ire  shown  In  the  Illustration. 


Quantity  Surveys  for  Buildings 

Coniiietitive  methods  are  more  vicious  today  than  evei. 
The  age  of  efficiency  which  we  are  at  present  enveloped  In 
is  producing  many  fine,  high  class  specialists,  but  in  reality 
the  whole  scheme  is  nothing  but  a  most  scientific  method  of 
price  reduction.  For  instance,  if  through  your  efficiency- 
man  you  can  save  a  dollar  a  thousand  in  laying  brick,  what 
becomes  of  the  dollar?  The  next  job  you  figure  you  reduce 
that  bid  a  dollar  a  thousand  on  brick  and  pass  the  result 
of  your  scientific  organization  work  over  your  head  back 
into  the  pockets  of  capital. 

Out  of  all  the  chaos  there  finally  comes  a  ray  of  light, 
more  than  a  hope,  a  sure  time  proven  process  that  will  elim- 
inate the  evils  of  the  present  day  competitive  menace. 

This  acknowledged  remedy  is  known  as  the  "Central 
Quality  Survey"  method.  Cnder  its  guiding  hand  a  full 
value  and  uniform  competitive  list  of  quantities  can  be  estab- 
lished in  any  market;  it  gathers  statistical  information  of 
inestimable  value,  to  in  turn  be  imparted  to  all.  It  covers 
costs,  estimating,  standardization,  credits,  insurance,  and 
such  legal  matters  as  must  necessarily  come  under  its  scope; 
it  has  full  association  powers  and  has  proven  to  be  a  direct 
producer  of  profits  for  those  who  have  had  the  perseverance 
to  incorporate  the  work. 

This  method  touches  the  fundamentals  of  your  business; 
it  has  as  its  first  purpose  the  object  of  creating  a  full  value 
list  of  quantities  on  each  and  every  job.  Skilled  "Quantity 
.Surveyors"  draw  the  items  off  the  plans.  Interview  the  archi- 
tects, obtain  all  necessary  details  and  information  and  are 
held  responsible  to  Interpret  actually  what  is  going  to  be 
used  on  each  and  every  job. 

\\>  all  know  each  Item  on  a  plan  represents  a  certain 
value,  and  every  Item  omitted  is  an  absolute  loss.  The  Items 
on  a  plan  represent  the  material  you  w'lll  be  obligated  to 
buy,  and  the  labor  you  must  pay  for  in  executing  the  work. 
Therefore,  the  Interpretation  of  every  plan  must  be  as  near 
perfect  as  possible,  free  from  confusion,  and  the  only  way  to 
slop  confusion  Is  to  have  a  job  listed  by  one  man  carefully 
and  properly  and  all  competitors  accept  this  uniform  and 
correct  Interpretation.  In  fact.  It  Is  the  most  economic  most 
••fflclent,  most  properly  applied  principle  ever  submitted  to 
the  building  interests.— C.  K.  Flamboe  in  a  Builders'  Bulle- 
tin of  the  Master  Iluilders'  Association  of  Wisconsin. 
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"It  Was  Our  Trained   Engineers 

Who  Were  Ready  in  the  Hour 

of  Need  to  Do  the  Deed" 

By  Wm.  P.  COMSTOCK  in  Architecture  and  Building. 

With  lofty  thoughts  and  stilted  ethics  the  architect  has 
strode  along  without  an  appreciation  of  the  progress  about 
him,  ever  changing,  searching,  specializing.  Business — 
life — is  a  continuous  revolution.  New  precepts,  rule  to  be 
superseded  by  even  other  newer  precepts.  The  professional 
practice  of  architecture  has  not  kept  pace  and  is  therefore 
doomed.  It  must  be  reborn  from  the  ashes  of  the  past,  even 
as  the  legendary  phoenix. 

All  have  not  been  blind.  Some — many,  even — have  seen 
the  light  and  remodeled  their  course  to  meet  the  modern 
trend.  These  are  the  successful  architects  and  busy  build- 
ers of  today  who  have  met  the  demands  of  current  develop- 
ment and  from  them  won  a  deserved  return.  Chance  or 
accident  has  not  been  an  element  in  their  progress  which 
has  been  based  on  the  sound  business  principle  of  true 
service  rendered  for  value  received. 

The  famed  architects  of  antiquity  were  master  builders. 
They  designed  freely  and  wrought  wonderfully  with  the 
clay  on  their  hands.  They  lived  in  the  heydey  of  the  artizan 
and  craftsman;  they  were  the  leaders  who  rose  above  their 
fellows  by  the  sheer  might  of  their  gifted  prowess.  Times 
have  changed. 

This  is  the  age  of  standardization,  machine  made  quantity 
production,  rule  by  the  multitude  not  by  the  few  and  yet 
our  art  lives  on  and  reaches  ever  higher  levels  of  attain- 
ment. Let  our  architects  read  the  signs  of  the  times  and 
rise  to  new  pinnacles  based  on  our  modern  productiveness. 

When  our  country  went  to  war  there  was  a  sudden  and 
enormous  demand  for  construction  on  a  vast  scale;  the  Quar- 
termaster's Corps  of  the  Army  had  to  provide  housing  for 
the  new  armies;  extensive  additions  were  necessary  to  ex- 
isting manufacturing  plants  and  even  greater  new  fac- 
tories were  built  over  nigh^  as  it  were;  office  and  executive 
buildings  of  great  extent  were  demanded  to  house  the  ever 
extending  executive  departments  of  the  Government;  hous- 
ing for  operatives  became  a  crying  need  in  our  great  in- 
dustrial centers;  construction  on  a  vast  scale  was  necessary 
to  meet  the  needs  of  our  colossal  new  war  machine,  to  build 
our  ships  and  supply  the  materials  of  war. 

To  make  possible  this  accomplishment,  in  all  its  ramifi- 
cations vast  to  the  extent  of  being  almost  incomprehensible, 
the  organization  of  our  Government  departments  was  ex- 
tended many  fold;  the  personnel  increased  with  a  rapidity 
which  was  marvelous  and  an  organization  of  professional 
talent  created  which  today,  after  a  year  of  war,  is  perfected 
and  efficient  in  a  remarkable  degree.  What  is  the  status 
of  this  organization?  How  was  it  made  up?  And  how  was  it 
possible  for  the  Government  in  its  hour  of  need  to  imme- 
diately get  assistance? 

It  was  the  trained  engineers  of  the  country  who  became 
the  technical  advisers  of  the  Government  on  planning,,  de- 
sign and  construction,  utilization  of  existing  facilities  to  the 
utmost,  expansion  of  them  and  creation  of  new  utilities.  It 
was  our  trained  engineers,  already  well  organized  in  our 
great  building  construction  firms  into  harmonious  working 
units,  companies,  even  regiments,  who  were  ready  in  the 
hour  of  need  to  do  the  deed. 

Professionally  as  such  our  architects  have  not  been  a 
factor  in  the  greatest  building  emergency  the  country  ever 
saw.  Individually,  to  many  the  greatest  praise  is  due.  They 
have  donned  the  uniform,  striven  at  home  and  fought 
abroad  and  given  of  their  best  in  ability,  effort  and  resource- 
fulness. But  as  a  profession  in  the  oft  vaunted  position  of 
autocrats  of  the  building  industry  they  have  been  wanting. 
And  the  reason  is  not  beyond  discernment;  it  is  an  in- 
heritance from  the  past;  architectural  practice  has  not  kept 
pace  with  the  times. 

The  after-war  period  in  the  building  industry  will  be  a 
time  of  great  enterprise  and  expansion.  In  this  the  archi- 
tect should  play  a  prominent  part  but  his  days  of  autocracy 
are  over  and  his  success  will  depend  on  his  ability  to  co- 
operate, not  dictate.     Now   when  the  architect   secures  a 


job  he  calls  on  the  foundation  builder  to  figure  his  foot- 
ings, he  depends  on  the  steel  contractor  to  design  the  struc- 
tural members,  he  depends  on  the  plumbing  contractor  to 
draw  up  his  plumbing  layout,  he  expects  the  electrical  con- 
tractor-— but  why  go  on? — and  when  the  building  is  finished 
he  zealously,  often  belligerently,  demands  exclusive  credit 
for  its  entire  design  and  construction. 

The  day  for  this  is  past — and  why?  The  architect  has 
been  losing  business.  Others  who  build  better,  more  effi- 
ciently and  more  economically  under  the  name  of  archi- 
tectural or  engineering  contracting  firms  have  taken  the 
work  from  him  and  they  work  on  the  principle  of  coopera- 
tion, not  autocracy. 


Box  Caissons  with  Concrete  Bottoms  Used 

in  Construction  of  Mystic  River 

Bridge  Pier 

The  box  caisson  method  was  employed  in  the  construction 
of  two  large  channel  piers  in  the  Mystic  River  bridge  of  the 
Boston  Elevated  Ry.  The  largest  pier  was  124  ft.  x  19  ft.; 
the  other  was  34.17  ft.  by  19.16  ft.;  both  were  carried  down 
to  about  grade  69.5.  The  work  was  carried  out  by  the 
Hugh  Nawn  Contracting  Co.  in  the  following  manner: 

The  site  of  the  pier  was  first  dredged  to  a  depth  of  about 
3  ft.  below  the  cut-off  of  the  piles,  which  were  then  driven, 
and  cut  to  grade  by  a  circular  saw  mounted  on  the  pile- 
driver  gins.  Guide  piles  were  then  driven  around  the  site 
of  the  pier,  the  caissons  floated  in  place,  gradually  sink- 
ing, to  position  as  the  concrete  forms  inside  them  were 
filled. 

The  bottoms  of  the  caissons  were  really  concrete  scows, 
the  bottom  dimensions  being  of  the  exact  sizes  of  the  pier 
footings  and  were  4  ft.  in  height,  being  divided  into  com- 
partments about  9  ft.  wide  by  cross  partitions.  Around 
the  bottom  there  projected  a  lip  or  flange  having  eye  bolts 
cast  into  it,  to  which  the  wooden  sides  were  attached  by 
liook  bolts  extending  for  the  full  height  of  the  sides,  and 
wore  tightened  by  set  nuts  seating  on  the  top  sills. 

The  concrete  caissons  were  built  on  ways,  and  launched 
at  the  north  end  of  the  bridge.  The  floor  was  of  3-in.  spruce 
planks  greased  and  laid  on  the  ways  in  such  a  manner  that 
by  sawing  through  six  planks  the  caisson  was  launched. 
The  planks  were  thickly  studded  with  20d.  nails  to  hold  the 
concrete  floor  and  sides  which  were  cast  directly  in  the 
forms. 

The  caissons  were  thoroughly  reinforced,  the  sides  and 
flange  being  12  in.,  the  bottom  6  in.,  and  partitions  9  in. 
thick,  made  of  1:2:4  concrete. 

Wooden  sides  were  made  in  two  sections,  the  bottom  one 
being  16  ft.  and  the  top  one  17  ft.  in  height.  The  frame 
was  of  10-in.  by  10-in.  and  10-in.  by  12-in.  hard  pine,  the 
bottom  set  was  sheathed  with  2-in.  spruce  planed,  and 
the  top  set  was  sheathed  with  2-in.  spruce  planed.  The 
edges  of  the  plank  were  beveled  to  provide  tor  calking  with 
oakum.  These  sides  were  used  from  three  to  four  times 
each,  and  on  account  of  their  substantial  and  careful  con- 
struction gave  no  trouble  whatever;  in  most  cases  a  single 
3-in.  duplex  pump  would  handle  all  the  leakage,  in  many  in- 
stances under  14  ft.  to  15  ft.  head,  by  pumping  a  few  mo- 
ments at  a  time. 

The  advantages  of  this  method  were,  economy  of  ma- 
terial, work  all  done  in  the  dry,  speed  of  operation  and  ac- 
curacy as  to  grade  and  alignment.  The  largest  caisson 
sunk,  which  was  124.6  ft.  long  and  19. 5  ft.  wide,  was  suc- 
cessfully launched  with  lower  sides  in  place,  floated  and 
sunk  in  place  without  trouble. 

The  general  construction  features  of  the  Mystic  River 
bridge  were  described  by  Mr.  Clarence  T.  Fernald  in  a 
paper  presented  Sept.  18  before  the  Boston  Society  of 
Civil  Engineers.  The  above  note  has  been  abstracted  from 
Mr.  Fernald's  paper. 

43%  Capacity  of  Structural  Shops  Contracted  For. — The 
records  of  the  Bridge  Builders  and  Structural  Society,  as 
collected  by  its  secretary,  show  that  during  the  month  of 
October  43  per  cent  of  the  entire  capacity  of  the  bridge 
and  structural  shops  of  the  country  was  contracted  for. 
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Factory  Stairs  and  Stairways* 

I)y  C.  I-.  II.  AKNOLIJ. 

Id  solving  the  stairway  proble-n,  conslderatiun  must  be 
given  to:  (1)  number;  d')  location;  (3)  size;  (1)  type; 
(5)  materials;  (C)  safety  treads;  (7)  proportions;  (8» 
landings;  (9)  handrails;  (10)  enclosures;  (11)  lighting; 
(121   wear. 

Number. — Where  building  codes  are  in  force,  the  mini- 
mum number  of  .stairways  permltf'd  Is  usually  ample.  Per- 
hap.s  the  most  usual  code  requirements  are  one  stairway 
plus  one  for  each  o.OOO  sq.  ft.  of  lot  area.  In  cases  where 
the  code  provision  Is  insufflclen;,  and  where  there  Is  no 
code.  It  Is  essential  to  consider:  (n)  safety;  (b)  capacity; 
(c)  convenience. 

Safety :  No  building  over  two  stories  In  height  Is  safe 
with  less  than  two  stairways.  Large  floors  require  an  in- 
creased number  of  stairs  even  If  but  few  people  occupy 
the  floor. 

Two  4-ft.  stairways  for  buildings  having  up  to  20.000  sq. 
ft.  of  floor  area,  with  one  additional  4-ft.  stair  for  each 
additional  10,000  sq.  ft.,  is  the  least  number  that  it  is  pru- 
dent to  use. 

If  the  building  is  liable  to  be  used  for  purposes  which 
may  permit  the  occupants  to  be  closely  spaced,  the  num- 
ber should  be  increased  to  two  fo-  the  first  12,000  sq.  ft. 
plus  one  for  each  additional   COOO  sq.  ft. 

At  least  one  and  preferably  all  of  the  stairways  should 
be  carried  to  the  roof. 

Capacity:  In  densely  populated  buildings  the  number 
of  stairways  must  be  increased  to  prevent  dangerous  over- 
crowding when  all  the  occupants  try  to  leave  at  once.  In 
such  cases,  20  in.  in  width  for  each  lOO  persons,  the  Bos- 
ton rule  for  theater  exits,  is  high,  and  10  to  14  in.  would 
be  ample. 

Convenience:  No  question  of  convenience  should  be  per- 
mitted to  cause  stairs  fo  be  so  located  that  any  occupant 
of  a  factory  would  be  obliged  to  travel  over  100  ft.  to  reach 
an  exit. 

Location. — Every  stairway  should  communicate  directly 
with  an  exit  from  the  building.  The  stairs  should  be  dis- 
tributed with  a  fair  degree  of  uniformity  and  so  placed 
as  to  reduce  as  much  as  possible  the  maximum  distance 
to  be  traversed  to  reach  an  exit.  On  each  floor  the  land- 
ing should  be  so  placed  that  lines  of  men  going  from  shop 
to  locker  room,  locker  room  to  stairs,  and  shop  to  stairs, 
should   not    conflict. 

It  is  also  highly  desirable  to  avoid  obstructing  the  fore- 
man's view  of  the  room.  When  practicable,  the  separate 
tower  or  wing  is  the  most  satisfactory  location.  The  locker 
and  toilet  rooms  and  the  elevator  can  be  in  the  tower, 
thus  leaving  the  main  building  clear  of  obstructions  and 
giving  the  foreman  an  unobstructed  view  of  the  room  and 
permitting  greater  freedom  in  the  floor  layout. 

Size.-  -\  clear  width  of  44  in.  to  4S  In.  between  handrails 
will  allow  the  passage  of  two  lines  of  people  at  once  and 
the  main  stairs  should  never  be  less  than  this.  If  wider, 
the  width  should  be  in  multiples  of  22  in.  to  24  in.,  the 
number  of  handrails  being  such  that  It  is  never  less  than 
44  In.  nor  more  than  48  in.  between  rails. 

Where  the  number  of  employes  Is  large,  it  is  better  to  In- 
crease the  number  of  4-ft.  stairs  than  to  increase  the  width. 
Even  when  the  number  of  employe.s  in  a  building  is  large, 
only  one  floor,  as  a  general  thing,  will  be  densely  populated 
This  crowded  floor  is  as  likely  to  be  at  the  top  as  at.  the 
bottom.  Therefore,  It  Is  the  usual  practice  to  make  fac- 
tory stairways  of  constant  width  throughout  their  entire 
lencth. 

Occasionally  a  factory  building  must  be  designed  to  ac- 
commodate dense  population  on  two  or  more  floors.  In  this 
case  the  employes  from  the  upper  floors  coming  down  at 
the  full  capacity  of  t>'e  stairways  will  find  the  lower  flights 
already  taxed  to  the  utmost  and  serious  congestion  will 
result.  The  remedy  is  Increased  widths  for  the  lower 
flights. 

Additional  stairways  from  the  lower  crowded   floors  may 


•■From  the  N'ovi-rntior  .lourniil  .Xmcrloan  Soclpt.v  of  Mochan- 
'rnl  EnelncerH:  ahBiract  of  a  paper  to  he  presented  at  the  New 
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not  cure  the  trouble  because,  in  the  excitement  of  an 
emergency,  when  free  and  quick  egress  is  most  important, 
the  occupants  of  the  lower  floors  are  likely  to  rush  to  the 
busiest   stairway  and   leave  their  own   Bpoclal   exit   unused. 

Special  stairs,  not  usi-d  for  general  Ingress  and  egress, 
may  be  as  narrow  as  20  In.  In  clear  width;  they  may  be 
steep,  or,  if  not  much  used,  they  may  have  winders  or  b« 
spiral. 

Type. — Kxcept  for  special  cases  used  by  but  few  people 
for  intra-department  shortcuts,  spiral  stairs  and  winders 
should  never  be  permitted  in  a  factory.  Straight  runs  alone 
are  permissible.  When  the  story  height  exceeds  9  ft.,  the 
flights  should  be  cut  and  Intermediate  landings  used.  The 
landings  should  be  rectangular  and  the  flights  should  be 
not  less  than  three  risers  nor  more  than  9  ft.  high. 

The  Intermediate  landing  is  of  lifTle  use  if  the  flights  are 
in  line.  A  turn  at  the  landing  serves  to  limit  a  fall.  A 
180'  turn  has  the  further  advantage  of  reducing  the  floor 
space  required  In  fact,  the  stairway  of  minimum  floor  area 
(barring  spirals)  has  a  landing  and  a  180°  turn  every  4  ft. 
in   its   hei^'ht. 

Materials. — The  factory  stairs  are  usually  of  wood,  cast 
iron,  steel  or  steel  with  wood  tread,  steel  with  cast-iron 
tread,  steel  with  stone  tread,  steel  with  concrete  tread,  or 
reinforced   concrete. 

The  wooden  stair  in  multi-story  factories  is  not  good 
practice.  It  Is  combustible  and  unsanitary.  In  buildings 
of  mill  construction,  however,  especially  the  smaller  ones 
when  not  over  four  stories  in  height,  sprinkled  wood  may 
be  acceptable.  The  wood  must  be  smooth,  closely  jointed, 
free  from  beads  and  not  less  than  2  in.  thick,  making  a 
slow-burning  construction.  It  is  Imperative  that  the 
wooden   stairs  be  enclosed  in  a  fireproof  well. 

The  saving  in  cost,  however,  over  a  non-combustible 
stairway  is  not  great  enough  to  warrant  the  risk  except 
in  special  cases.  Cast  iron  and  steel,  while  non-combusti- 
ble, are  not  fireproof.  Nevertheless,  they  are  permissible 
when,  as  it  always  should  be,  the  stairway  is  in  a  fire- 
proof enclosure,  since  any  fire  hot  enough  to  weaken  the 
metals   would   render  the  stairway  <mpassable. 

Steel  channels  are  more  reliable  for  stringers  and.  ex- 
cept for  short  flights,  cheaper  than  cast  iron,  and  are  more 
generally  used.  Risers  are  usually  of  angle  and  steel  plate 
or  pressed  steel.  Treads,  while  usually  of  cast  iron,  are 
frequently  of  checkered  steel  plate,  wood,  slate  or  concrete. 

Cast  iron  and  steel  plate,  wear  slippery  and  hence  they 
are  dangerous  and  should  never  be  used  without  some  sort 
of  safety  tread. 

Wood,  because  of  its  inflammability,  s'.iould  not  be  used 
except  as  a  safety  tread  over  a  solid  sub-tread.  Slate  does 
not  wear  slippery,  but  it  is  more  expensive.  It  must  be 
backed   up  by  steel  plate  and  replacements  are  expensive. 

Concrete  as  a  tread  on  steel  stairs  has  no  special  advan- 
tage. The  steel  plate  under  tread  is  needed  as  it  is  for 
v.ood  or  slate,  and  to  facilitate  casting  the  steel  is  usually 
carried  up  to  form  a  nosing.  This  is  dangerous.  The  con- 
crete is  liable  to  crack  off  or  wear  below  the  top  of  the 
steel,  leaving  a  lip  over  which,  sooner  or  later,  some  one 
will  trip  and  fall. 

Reinforced  concrete  makes  perhaps  the  most  satisfac- 
tory stair  if  properly  designed  and  built.  There  should  be 
a  good  flllet  between  tread  and  riser  for  sanitary  reasons, 
at  least.  There  shotild  be  a  nosing,  which  is  not  dlfScult 
to  cast  if  made  with  a  large  flllet. 

Safety  Treads.— Steel,  cast  iron,  and  oncrete  w^ear  slip- 
pery and  .so  become  dangerous.  Consequently,  some  form 
I'f  safety  tread  must  be  used.  Safety  treads  are  made  of: 
(al  lead;  (b)  abrasive  material;  (c)  a  combination  of  the 
two;    (d>   cork;    (e)    wood. 

Lead  Safety  Tread:  The  lead  safety  tread  is  made  by 
inserting  plugs  of  lead  In  pockets  In  a  steel  frame,  the 
whole  being  fastened  to  the  tread  proper  by  screws.  This 
of  course  wears  more  rapidly  than  cast  Iron  or  steel,  but 
does  not  become  slippery  and  has  no  afllnity  for  ice  or 
snow.  It  Is  easily  replaced  when  worn.  The  chief  objec- 
tions to  it  are  that,  owing  to  the  grooves  between  'he  lead 
plugs,  it  Is  difRcult  to  keep  clean,  and  there  is  a  chance  for 
a  heel  to  catch  In  the  grooves. 

Abrasive  Safely  Tread:      The  abrasive  tread  Is  made  of 
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aliindum  or  carborundum  cast  into  hard  metal,  leaving  the 
grit  projecting  slightly  above  the  surface  of  the  metal. 
The  abrasive  is  also  imbedded  in  the  rounded  nosing  to  pre- 
vent slipping  on  the  edge  of  the  step. 

This  type  of  safety  tread  is  made  to  be  used  as  the  com- 
plete tread  as  well  as  the  renewable  safety  tread  bolted  to  ■ 
a  sub-tread.  It  is  also  made  as  a  nosing,  this  form  being 
especially  useful  on  concrete  stairs. 

This  is  probably  the  most  durable  tread  in  heavy  traffic. 
It  is.  however,  hard  and  noisy  and.  like  the  lead  tread,  it 
is  difficult  to  keep  entirely  clean.  There  is  also  a  chance 
that  the  grit  may  be  too  sharp :  Instances  are  known  where 
the  shoe  has  been  gripped  so  firmly  as  to  cause  a  fall. 

Combined  Lead  and  Abrasive  Safety  Tread:  A  third  type 
of  safety  tread  is  mad^  of  grains  of  abrasive  in  a  lead  mat- 
rix, the  whole  carried  on  a  steel  plate.  It  is  made  either 
grooved  or  flat,  and  with  the  anti-slip  surface  carried  to  the 
front  edge. 

The  flat  top  is  a  great  advantage  as  it  makes  it  possible 
to  keep  the  stairs  clean.  For  outdoor  use,  it  shares  with 
the  lead  tread  the  advantage  that  snow  or  ice  do  not  adhere. 
It  also  shares  with  the  other  type  of  abrasive  tread  the 
.danger  of  too  acute  a  grip. 

With  either  of  the  above  three  types  of  tread,  it  is  not 
necessary  to  cover  the  entire  width  of  the  tread.  If  the 
front  edge  of  the  step  to  a  depth  of  3  in.  to  3%  in.  is  pro- 
tected by  a  non-slipping  surface,  the  remainder  of  the  tread 
only  needs  to  be  brought  up  flush  with  the  safety  strip, 

Cork  Tread:  Cork  as  a  safety  tread  is  not  so  well  known 
nor  so  widely  used  as  it  deserves  to  be.  It  is  impervious 
to  almost  all  liquids  and  hence  is  easily  kept  in  a  really 
sanitary  condition.  It  is  roiseless,  wears  surprisingly  well 
and  is  the  pleasantest  of  all  materials  on  which  to  walk. 

Unfortunately"  its  lack  of  strength  makes  it  necessary  to 
use  a  metal  or  wood  nosing.  This  is  not  dangerous,  how- 
ever, because  owing  to  the  elasticity  of  the  cork,  the  nosing 
w  ill  wear  ahead  of  it. 

When  stairs  are  liable  to  rough  usage,  as  by  dragging 
heavy  pieces  up  or  down,  the  cork  tile  is  sometimes  used 
with  a  nosing  having  a  lead  or  abrasive  non-slip  surface. 

For  use  as  a  safety  tread,  the  cork  is  fompressed  into 
tiles  %  in.  thick  by  9  to  12  in.  sq.  These  are  cemented  to 
the  sub-tread. 

Wood  Safety  Tread:  Except  under  the  heaviest  traffic, 
wood  makes  a  splendid  safety  tread.  Laid  directly  on  top 
of  a  solid  steel  or  concrete  base  and  exposed  only  on  the 
top  and  front  edge,  the  fire  risk  is  practically  eliminated. 

Wood  offers  one  of  the  most  satisfactory  surfaces  to  step 
on.  It  is  never  slippery  and  it  is  cheap.  The  worst  objec- 
tion to  it  is  from  a  sanitary  viewpoint  because  it  absorbs 
expectoration. 

The  wood  should  be  either  oak.  maple  or  edge-grain  yel- 
low pine  to  wear  well,  the  last-named  being  undoubtedly  the 
longest-lived.  Each  tread  should  be  made  in  three  pieces. 
The  rear  strip  will  never  need  to  be  renewed  and  the  center 
strip  but  rarely. 

Proportions.— Although  the  pitch  of  stairs  must  be  kept 
within  comparatively  narrow  limits  for  best  results,  still  it 
is  possible  to  make  a  sate  and  reasonably  comfortable  stair 
at  almost  any  pitch  if  due  regard  is  paid  to  relation  of  rise 
to  length  of  run. 

The  natural  length  of  steps  decreases  rapidly  as  the 
grade  increases,  even  on  a  ramp  where  the  surface  offers 
equal  foothold  at  all  points. 

Failure  to  take  this  fact  into  consideration  results  in  a 
stair  which  is  awkward  and  tiresome,  with  a  pronounced 
tendency  to  produce  stumbling  and  falls. 

The  length  of  the  foot,  or  rather. of  the  shoe,  is  not  an 
important  factor.  For  one  thing,  the  actual  length  of  the 
tread  exceeds  the  run  by  the  amount  of  the  nosing.  For 
another,  practically  all  the  work  of  ascending  and  descend- 
ing stairs  is  done  by  the  ball  of  the  foot.  In  ascending  the 
weight  is  borne  on  the  ball  of  the  foot  in  the  middle  of  the 
step  while  the  heel  projects  in  the  air.  In  descending,  the 
toe  projects,  the  weight  being  borne  on  the  ball  on.  or  just 
back  from,  the  edge  of  the  step,  the  heel  barely  touching  the 
step. 
For  adults,  making  the  length  of  the  run  plus  twice  the 


rise  equal  to  24  in.  to  241,2   in.  can  be  relied  upon  to  give 
satisfactory  proportions. 

By  this  rule,  the  rungs  of  a  ladder  should  have  a  12-in. 
spacing,  which  is  the  recognized  standard,  and  a  45° 
stair  would  have  an  8-in.  rise  and  an  S-in.  run,  which  a  wide 
experience  shows  to  be  entirely  satisfactory.  A  horizontal 
grating  would  have  a  24-in.  spacing,  which,  although  a  trifle 
short,  is  nevertheless  within  the  bounds  of  practicability. 

In  factory  practice,  the  tendency  is  to  make  the  stairs 
steep  in  order  to  save  room.  Observation  by  several  people 
over  a  period  of  years  and  under  a  wide  variety  of  circum 
stances  confirms  the  opinion  that  an  Sin.  rise  by  an  8-in.  run 
is  the  steepest  stair  practicable  for  general  use  and  that  7%- 
in.  rise  by  9-in.  run  is  much  better.  Some  building  codes  pre- 
scribe 7%  in.  as  the  maximum  height  or  run.  Although  7-in, 
rise  by  10-in.  run  makes  probably  the  easiest  of  all  stairs  ' 
the  improvement  over  7Vi  in.  by  9  in.  is  not  wholly  worth  the 
extra  floor  space  consumed. 

Out-of-doors  stairs  or  steps  should  be  made  with  only  6-in. 
rise,  if  possible.  In  any  case,  the  rise  and  run  must  be  uni- 
form throughout  the  entire  length  of  the  stairway.  Other- 
wise, falls  will  be  frequent. 

Landings. — All  landings  should  be  rectangular  and  at  least 
as  deep  as  the  stairs  are  wide.  The  surface  should  be  of  the 
same  material  as  the  stair  treads.  Attempts  to  save  room 
by  cutting  off  corners  or  reducing  the  size  of  landings,  or  by 
the  introduction  of  winders  or  straight  steps  invariably  re- 
sult in  accidents,  especially  when  the  stairs  are  crowded  and 
every  one  is  in  a  hurry. 

Handrails, — Each  line  of  people  on  the  stairway  should 
have  a  continuous,  firmly  supported  handrail  at  a  convenient 
height  and  of  such  size  and  shape  as  to  be  readily  and  se- 
curely grasped. 

The  material  may  be  of  wood  or  metal.  If  of  metal,  the 
rail  will  usually  be  iron  or  occasionally  brass  pipe  and  of 
11,2  in.  or  11,4-in.  iron-pipe  size.  The  114-in.,  although  some- 
what small,  has  the  advantage  that  the  fittings  are  more 
generally  carried  in  stock.  Large  sizes  are  used  but  they 
are  objectionable  as  they  cannot  be  grasped  securely  in  the 
frantic  effort  to  recover  from  a  misstep,  especially  by  a  per- 
son with  small  hands. 

T-bars  and  special  rolled,  drawn  or  cast  handrail  sections, 
are  frequently  used  but,  except  for  the  architectural  effect, 
they  have  no  advantage  over  the  cheap  and  homely  wrought- 
iron  pipe. 

If  the  rail  is  of  wood,  it  should  be  of  oak,  ash  of  some  other 
non-splitting  hardwood:  never  yellow  pine.  It  may  be  a 
round  bar  not  less  than  1%  in.  in  diameter  nor  more  than  21/4 
in.,  or  it  may  be  one  of  the  stock  patterns  carried  by  the 
mills. 

In  any  case  it  must  be  strongly  supported  at  a  height  of 
31  to  33  in.  above  the  front  edge  of  the  step.  Around  the 
landing,  the  height  should  be  36  in. 

Open  stairs  require  either  a  second  rail  at  half  height  or 
a  strong  wire  netting  between  stair  and  rail. 

Enclosures. — Notwithstanding  the  fire  risk,  the  danger 
from  things  dropped  or  thrown,  the  chance  for  falls  and  the 
increased  difficulty  of  heating,  open  stairways  are  frequently 
found  in  factories. 

Every  stairway  should  be  enclosed  in  a  fireproof  well.  In 
many  cities  a  wire  grill  is  permitted  between  stairs  and 
elevators  in  the  same  well.  A  solid  partition  is  more  satis- 
factory and  pays  for  the  extra  room  and  expense. 

Choice  of  material  will  be  governed  by  the  same  con- 
siderations as  in  the  case  of  the  other  partitions. 

The  space  under  the  bottom  flight  must  be  left  open 
and  kept  clean  unless  filled  up  solid  with  non-combustible 
material. 

If  the  stairs  extend  to  the  roof,  the  enclosure  should  be 
carried  above  the  roof  in  the  form  of  a  bulkhead  or  pent- 
house high  enough  to  allow  a  door  6  ft.  6  in.  to  7  ft.  in 
height. 

If  the  roof  flight  is  a  ladder  or  a  very  steep  stair,  the 
pent-house  may  be  replaced  by  a  scuttle,  or  better,  by  a 
companion. 

The  door  or  scuttle  should  be  hooked,  latched  or  bolted 
in  such  a  way  that,  at  any  time,  it  can  be  opened  readily 
from  the  inside. 

The  roof  of  the   stair  well   should   be  a   skylight   with  a 
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Hire  nettioK  under  the  glusx  to  catch  pieces  of  glans  In 
case  of  breakage. 

At  each  story  liberal  wlre-glaHs  windows  with  metal 
frames  should  be  provided  so  that  the  whole  shaft  shall 
be  as  light  as  may  be  in  daylight.  The  better,  the  Illumi- 
nation Is.  the  f«»wer  days  in  a  year  will  artillciai  light  be 
u  quired. 

All  stairway  openings  should  be  closed  with  Underwriter 
automatic  tire  doors  opening  with  the  outKoing  current. 
The  outside  doors  need  not  be  lire  doors  but  should  open 
out.  Where  there  is  much  trallic.  the  tire  doors  mav  be 
KUi>pleniented  by  glazed  double-actlnp  doors. 

The  locks  on  all  these  doors  should  be  such  that  under 
no  circumstances  can  a  person  be  locked  In. 

Care  should  be  exercised  to  locate  these  doors  so  that 
they  may  be  opened  without  risk  of  crowding  some  one 
i>IT  the  landing  and  so  that  a  stream  of  people  descending 
ciinnot   prevent  them   from   ueini;  opened. 

Lighting.-  In  the  artificial  illumination  of  the  shaft,  bril- 
liancy is  not  required  but  thorough  distribution  is.  A  light 
.should  be  placed  at  each  floor  and  each  turn.  The  lighting 
should  be  in  duplicate. 

Since  there  is  always  a  likelihood  of  a  small  group  of 
employes  being  in  the  place  at  nicht  after  the  stair  lights 
are  out,  it  is  quite  necessary  to  reduce  to  a  minimum  the 
distance  one  must  grope  in  the  dark.  For  this  reason 
the  electric  lights  should  have  double-acting  switches  at 
each  end  of  each  circuit  and  the  emergency  lights,  whether 
gas.  candle  or  lantern,  should  be  so  placed  that  each  flight 
c.;n  be  lighted  on  the  spot. 

Wear.— Mr.  F.  A.  Waldron.  during  the  years  1890.  to 
i !«!(;,  at  the  Yale  &  Towne  Manufacturing  Co.,  made  ex- 
tensive experiments  on  the  wear  of  wooden  treads  con- 
structed in  three  pieces.  Hard  maple,  on  account  of  its 
superiority  for  flooring,  was  taken  as  a  basis  of  compari- 
son. Mr.  Waldron's  method  was  to  use  the  hard  maple  on 
every  other  step,  putting  the  wood  on  trial  on  the  alter- 
nate steps.  Ordinary  yellow  pine  proved  to  be  very  short- 
lived. Edge-grain  yellow  pine,  on  the  other  hand,  proved  to 
be  by  far  the  most  durable,  outwearing  the  maple  two  to 
one. 

Where  safety  treads  3  in.  or  3^^  in.  wide  are  used,  prac- 
tically all  the  wear  will  come  on  the  safety  tread  and  only 
this  will  need  renewal. 

Railway  Practice  in  Design  of  Con- 
crete Floor  Slabs  and  Flat 
Top  Culverts 

Several  years  ago  Mr.  Geo.  H.  Tinker,  Bridge  Kngineer. 
.\ew  York.  Chicago  &  St.  Louis  R.  R..  sent  a  letter  to  bridge 
engineers  of  various  railroads  asking  the  following  ques- 
tions: 

(1)  In  the  designing  of  flat  top  culverts  or  reinforced 
concrete  floor  slabs,  what  is  your  practice  in  considering 
the  distribution  of  axle  loads—longitudinally,  transversely 
and   vertically? 

(L'l  In  connection  with  the  above,  what  impact  allowance 
do  you  use'.' 

In  the  f)ctober  Bulletin  of  the  American  Railway  Kngineer- 
ing  Association  Mr.  Tinker  gives  an  abstract  of,lhe  replies  to 
the  questionnaire,  and  a  summary  and  short  analysis  of 
some  of  the  salient  points.    Table  1  summarizes  the  replies: 

I'nder  the  head  of  ■'Distribution  of  axle  loads,  longitudi- 
nally." It  will  be  noticed  that  1:.'  engineers  use  "concen- 
trated" loads  and  six  "uniform"  loads.  These  generally 
mean  the  same  thing.  I.  e..  a  moment  taken  from  the  mo- 
ment table  for  concentrated  loads  or  an  equivalent  load  de- 
duced from  it.  Combining  these.  It  appears  that  .'>•',  per  cent 
use  the  moment  table,  28  per  cent  distribute  an  axle  load 
over  .".  ft  ,  ir,  per  cent  over  I  ft    and  :!  per  cent  over  2  ft. 

Referring  to  distribution  transversely,  it  should  be  noted 
that  all  of  those  noted  as  <i  ft..  !i  ft  ,  1"  ft.  or  tie.  indicate  a 
uniform  distribution  for  the  length  of  the  tie  or  slightly 
mord.  depending  on  whether  the  writer  considers  the  dis- 
tribution at  the  level  of  the  base  of  rail  or  a  few  inches 
below  the  bottom  of  the  tie.     Those  given  as  12  ft.,  13  ft.. 


or  H  ft.,  are  included  with  those  Rpecifying  uniform  dis- 
tribution for  the  distance  between  tracks.  From  this  is  ap- 
pears that  71  per  cent  distribute  over  the  length  of  the  ties, 
23  per  cent  over  the  distance  between  tracks,  and  6  per 
cent  over  a  distance  of  5  or  C  ft. 

By   "vertical"  distribution   is   meant  the  lateral   distribu- 

TABL,E  I-Sl'M.MARY  OF  REPLIES. 
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tion  at  varying  depths  below  the  rail.  Five  each,  or  15 
per  cent,  specify  vertical,  6  in.  per  foot  and  12  in.  per  foot, 
and  four,  or  12  per  cent,  24  in.  per  foot.  Eleven  others 
have  been  shown  as  (vertical),  as  best  indicating  the  dis- 
tribution as  shown  by  the  context.  Combining  these,  it 
appears  that  44  per  cent  prefer  a  vertical  distribution  as 
against  56  per  cent  who  prefer  a  lateral  distribution  varying 
from  3  in.  per  foot  to  24  in.  per  foot.  It  should  be  noted 
that  24  in.  per  foot  is  a  slope  of  45°  at  each  end  of  the  tie. 

The  impact  requirements  are  various  and  intricate.  Some 
of  the  salient  points  may  be  indicated  as  follows: 

39  per  cent  use  50  per  cent  impact;  45  per  cent  use  50 
per   cent  or  less. 

42  per  cent  use  100  per  cent  impact;  55  per  cent  use  over 
50  per  cent. 

GO  per  cent  use  constant  impact  for  all  depths  of  fill. 

31  per  cent  use  varying  impact  for  different  depths. 

51   per  cent  use  a  simple  percentage  of  impact. 

45  per  cent  use  a  formula. 


Breaking  Up  Brick  Masonry  With 
Dynamite 

By  CHAS.  E.  RIKER. 

A  bank  in  this  locality  had  a  large  vault.  It  was  made 
of  brick  set  in  the  best  Portland  cement  and  guaranteed  to 
be  fire  and  burglar  proof.  The  walls  were  20  in.  thick  and 
the  vault  was  14  ft.  long,  12  ft.  wide  and  7%  ft.  high.  The 
roof  was  2^i  ft.  thick,  supported  by  six  12-in.  I-beams, 
each  weighing  325  pounds.  The  whole  constituted  a  ton  of 
steel  and  49  tons  of  brick  and  cement. 

When  the  bank  took  up  new.  quarters  across  the  street, 
it  was  necessary  to  dispose  of  the  vault  and  I  was  em- 
ployed to  remove  it.  There  were  five  plate  glass  windows 
40  ft.  away,  besides  seven  transoms,  four  small  windows 
and  four  glass  doors  which  were  in  close  range.  The  brick 
side  walls  were  4  ft.  away  and  the  ceiling  14  in.  from  the 
top  of  the  vault. 

I  protected  the  plate  glass  by  a  canvas  screen  hung  from 
the  ceiling.  The  windows  I  boarded  over.  Five  feet  away 
from  the  vault  on  one  side  with  only  a  thin  brick  wall  in- 
tervening were  girls  selling  dry  goods  and  on  the  other  side 
several  girls  trimming  hats. 

I  first  drilled  a  12-in.  hole  into  the  wall  of  the  vault  near 
the  door  and  loaded  it  with  l-o  cartridge  of  40%  dynamite, 
tamping  the  charge  with  damp  sand.  Before  firing  the 
charge,  I  placed  some  heavy  planks  and  timber,  also  a  heavy 
canvas,  over  the  bore  hole.  The  shot  which  of  course  was 
a  light  one,  merely  loosened  a  number  of  bricks,  but  it 
gave  me  an  idea  how  heavily  I  could  load. 

I  then  loaded  three  holes  18  in.  apart  and  18  in.  from  the 
free  end  of  the  wall,  which  were  fired  simultaneously  by 
means  of  a  blasting  machine.    These  holes  were  also  loaded 


The  Strength  of  Large  Brick  Piers 

A  final  report  on  an  investigation  of  the  strength  of  large 
brick  piers  has  been  issued  as  Technologic  Paper  No.  Ill 
by  the  U.  S.  Bureau  of  Standards.  The  investigation  was 
conducted  in  the  Pittsburgh  Laboratory  of  the  Bureau  in 
co-operation  with  the  National  Brick  Manufacturers'  Associa- 
tion. Its  purpose  was  to  determine  the  strength  developed  by 
brick  piers  of  normal  size  as  used  in  modern  buildings.  Tests 
were  made  on  40  piers  30  in.  x  30  in.  x  10  ft.  high,  and  four 
supplementary  piers  of  the  same  cross  sectional  dimen- 
sions by  5  ft.  high.  The  bricks  used  were  representative 
of  lour  districts  east  of  the  Mississippi  River.  The  con- 
clusions based  on  the  results  of  the  investigations  and 
study  of  previous  tests  were  as  follows: 

The  primary  failure  of  brick  piers  is  caused  by  a  trans- 
verse failure  of  the  individual  bricks. 

The  ultimate  strength  of  the  pier  may  be  increased  by 
any  method  of  construction  which  will  increase  the  depth 
of  the  component  parts  of  the  pier.  This  may  be  done  by 
(1)  laying  the  bricks  on  edge  instead  of  flat,  (2)  breaking 
joints  every  few  courses  instead  of  every  course,  or  (3) 
using  bricks  of  more  than  ordinary  thickness. 

The  strength  of  the  pier  may  be  increased  by  the  intro- 
duction of  wire  mesh  in  all  horizontal  joints.  The  increase 
is  slight,  however,  unless  the  mesh  is  used  in  every  joint. 

Varying  the  number  of  header  courses  used  does  not  ap- 
preciably affect  the  ultimate  strength  of  the  pier. 

The  mortar  joints  should  be  made  as  thin  as  possible. 
They  should  be  of  uniform  thickness.  For  this  reason  reg-- 
ularity  in  shape  of  the  bricks  is  essential. 

The  ultimate  strength  of  brick  piers  is  proportional  to 
the  compressive  and  transverse  strength  of  the  bricks 
used  in  their  construction. 

The  kind  of  mortar  used  is  important  in  its  effect  on  the 
strength  of  brick  masonry.  A  pure  lime  mortar  is  ineffi- 
cient when  a  high  compressive  strength  is  desired.  In 
a  mortar  of  1  part  Portland  cement  to  3  parts  sand,  25 
per  cent  by  volume  of  the  cement  may  be  replaced  by  hy- 
drated  lime  without  appreciably  afi:ecting  the  strength  of 
brick  piers.  Higher  percentages  of  lime  up  to  50  per  cent 
by  volume  may  be  used  on  piers  of  small  cross  sectional 
d'mensions. 

The  following  empirical  formulas  for  use  in  computing 
the  strength  of  brick  piers  are  derived  from  the  tests  of 
the  investigation: 

(1)  P  =  K  p 

(2)  P  =  K  R,  where 

P^the  ultimate  unit  compressive  strength  of  the  pier, 
p  ^  the   unit  compressive  strength  of  the  single  bricks, 
R  =  the  unit  transverse  strength  or  modulus  of  rupture  of 

the  single  bricks, 
K  is  a  constant  depending  upon  the  grade  of  mortar  used, 
and  for  which  the  following  values  are  given: 


Mortar.  Values  to  be  determined  by  tests  of  individual  bricks. 

(15   per  cent   lime;   85  per  cent  cement)    to  3   parts    f  Unit  compressive  strength  flat  ==  p 

sand    by  weight ■(  Unit  compressive  strength  on  edge 


Modulus  of  rupture  from  transverse  test  =  H. 

I"  Unit  compressive  strength  flat  =  p 

1  part  lime  to  6  parts  sand \  Unit  compressive  strength  on  edge  =r  p 

I  Modulus  o£  rupture  from  transverse  test  ^  R. 

[  Unit  compressive  strength  flat  =  p 

1  part  cement  to  3  parts  sand .' . .   -  Unit  compressive  strength  on  edge 


[Modulus  o£  rupture  from  transverse  test  =  R. 


Value  ot  K. 
0.26 

.30 
1.25 

.11 

.14 

.65 

.27 

.32 
1.45 


with  light  charges  as,  of  course,  it  was  necessary  to  break 
up  the  concrete  in  small  bites  rather  than  to  attempt  to 
smash  it  up  with  one  charge  as  would  have  been  easily  pos- 
sible had  it  been  out  in  the  open  and  there  had  been  no 
necessity  for  protecting  nearby  buildings  and  glass. 

The  job  was  finished  in  fourteen  days.  The  salvage  was 
mine  and  reckoned  as  part  of  my  compensation.  I  sold  the 
I-beams  for  $31;  some  miscellaneous  junk  for  $1.75;  and 
the  brick  and  other  salvage  material  for  sufficient  to  make 
my  total  receipts  $235.75.  I  paid  $28.83  for  team  hire, 
$44.25  for  labor,  $2.60  for  dynamite,  $5  for  electric  blasting 
caps  and  $5  for  incidental  expenses.  My  own  time  I  figured 
at  $5  per  day. 


Italy  Preparing  for  Reconstruction  Period. — Italy  has 
started  on  a  definite  reconstruction  program  and  nearly 
3,500,000,000  lire  ($665,000,000)  have  been  appropriated  to 
carry  it  out,  according  to  an  oflicial  dispatch  of  Nov.  20 
from  Rome.  Measures  have  been  adopted  to  permit  all 
war  factories  to  resume  peace  production  immediately. 
One  billion,  eight  hundred  million  lire  have  been  designated 
for  railway  reconstruction;  one  billion  for  public  works  and 
drainage  of  harbors:  five  hundred  million  for  other  works 
of  public  utility,  and  one  hundred  million  to  cope  with 
the  situation  created  by  the  large  number  ot  unemployed. 
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Standardization  of  Detail  in  High- 
way Bridge  Design 

It  is  not  common  for  the  plans  of  an  important  structure 
Uesigned  to  meet  certain  conditions  ul  one  location  to  be 
used  a  second  time  with  but  little  change.  Nevertheless, 
there  are  occasions,  as  Mr.  M.  \V.  Torkelson,  Bridge  Kn- 
gincer  of  the  Wisconsin  Highway  rommission,  points  out 
In  an  article  in  the  Concrete  Highway  Magazine,  when  by 
simple  nltcrations  old  plans  can  be  made  to  serve  for  a 
new  bridge.  In  his  article,  which  is  reprinted  below,  Mr. 
Torkelson  shows  the  advantages  of  standardizing  details 
in  highway  bridge  design,  and  di.scusses  briefly  this  fea- 
ture as  employed  in  the  work  of  the  Wisconsin  Highway 
Commi.'^sion. 

In  addition  to  its  standard  designs,  which  number  about 
200  the  Wisconsin  Highway  Commission  has  prepared  ap- 
proximately 2,000  special  bridge  designs  which  range  from 
the  simplest  abutment  plan  to  highly  complex  reinforced 
concrete  arch  and  girder  designs.  All  of  these  special  de- 
signs are  worked  out  in  very  complete  detail  and  records 
are  carefully  kept  indexed  by  type  and  dimensions,  so 
that  when  need  arises  for  any  particular  kind  of  bridge 
It  is  a  simple  matter  to  select  a  plan  most  nearly  fitting 
the  structure  needed.  Sometimes  very  siinple  alterations 
which  can  be  shown  on  the  blueprints  will  make  the  old 
plans  serve.  Generally  new  drawings  must  be  made  so 
that  there  will  be  no  misunderstanding  about  what  is  in- 
cluded in  any  particular  contract,  but  with  the  old  plans 
to  serve  as  a  guide,  the  work  is  greatly  facilitated.  Often 
a  new  design  is  made  by  utilizing  portions  of  several  pre- 
vious plans,  which  may  vary  widely  but  which  nevertheless 
contain  the  elements  used  in  the  proposed  new  structure. 
The  practice  followed  is  illustrated  by  the  following 
example: 

Recently  one  of  our  counties  decided  to  build  a  bridge 
consisting  of  a  steel  span  of  80  ft.  over  the  main  stream 
channel  with  three  30-ft.  reinforced  concrete  spans  at  one 
end  and  one  30-ft.  reinforced  concrete  span  at  the  other. 
Arrangements  bad  been  made  for  immediate  construction. 
The  builder  was  on  the  ground  and  plans  were  desired 
with  the  least  possible  delay. 

The  design  was  most  unusual  and  an  individual  plan 
absolutely  necessary,  but  as  the  fmilder  was  ready  to  pro- 
ceed, a  search  was  made  through  designs  already  on  hand 
to  see  what  could  be  adapted  to  the  new  work.  An  abut- 
ment plan  was  found  which  fitted  exactly  and  a  super- 
structure plan  which  showed  every  bar  required  in  the 
superstructure  detail,  the  only  change  necessary  being 
that  the  bill  of  bars  was  doubled  The  prints  of  these  old 
drawings  together  with  a  hastily  drawn  layout  sketch  and 
some  written  instructions  were  forwarded  to  the  builder 
in  the  same  day's  mail,  thus  enabling  him  to  at  once  begin 
work  on  the  abutments  and  to  order  steel  reinforcement 
for  the  superstnicturp,  which  required  accurate  shop 
bending.  The  80-ft.  steel  span  had  already  been  ordered, 
the  Commission's  standard  design  being  used. 

The  situation  required  piers  of  simple  yet  special  de- 
sign. Plans  were  made  within  two  days  and  placed  in  the 
builder's  hands.  He  was  then  in  possession  of  a  complete 
bill  of  all  material,  including  details  of  all  bars  and  the 
working  plan  within  three  days  after  the  time  our  offlce 
was  advised  the  work  was  under  way.  Abutment  and  su- 
perstructure plans  were  then  redrawn  for  the  particular 
case  at  hand  and  the  individual  plans  and  Hpecitications 
made  up.  The  design  of  the  superstructure  and  abutments 
was  simple,  the  greater  portion  of  the  work  being  mere 
tracing. 

During  June  and  July,  1918,  the  Commission  designed 
and  furnished  complete  plans  and  specifications  in  sets 
of  four  for  152  brldtes  averaging  about  three  complete  de- 
signs per  day.  Kach  design  is  made  to  (it  the  particular 
site  where  it  Is  to  be  built.  Quantities  are  calculated  and 
details  of  each  bar  shown  on  the  plans  so  that  thf  com- 
plete bill  of  bars  can  be  purchased,  bent  in  a  shop  to  an 
accurate  template. 

The  force  by  which  this  was  accomplished  under  the 
writer's    direction    consists    of   an    assistant,    three    drafts- 
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tuen  and  a  stenographer.  While  a  numUer  of  the  plans 
wr.-  standard  designs  reiiulring  only  slight  adju^^tment. 
I  lure  was  u  considerable  number  of  Important  special 
jobh.  One  in  particular  involved  an  unusual  amount  of 
new  work  ancT  kept  our  best  draftsmen  completely  occupied 
for    three    weeks. 

It  is  the  practice,  when  any  new  feature  is  introduced, 
to  work  out  all  details  with  utmost  completeness.  When 
this  feature  is  used  on  another  Job,  the  new  design  ia  a 
very  simple  matter.  This  practice,  together  wUh  the 
complete  record  of  the  details  of  work  already  turned  out, 
makes  possible  our  large  output. 

Great  care  must  be  taken,  however,  in  determining  the 
extent  to  which  standardization  shall  be  carried.  L'n- 
deviating  adherence  to  standard  designs  often  produces 
poor  results,  considered  both  from  the  standpoint  of  de- 
sign as  affecting  a  particular  loc.ition  and  from  the  stand- 
point of  economy.  Proper  design  requires  consideration 
of  the  needs  of  each  location  and  proper  provision  there- 
fore, even  in  a  country  bridge.  It  has  been  suggested  that 
a  concrete  pile  trestle  will  serve  for  all  locations,  the  only 
variations  being  in  length  and  width  of  trestle  and  length 
of  pile«,  but  this  Is  as  absurd  as  it  would  be  to  expect  one 
style  of  garment  to  fit  all  figures,  the  only  alteration  be- 
ing in  the  amount  of  cloth.  There  must  be  individual  de- 
sign, and  the  methods  briefly  described  above  are  effective 
■n  producing  it  at  low  cost. 


Plans  Made  for   Building  Operations    to 
Cost  $450,000,000 

A  recent  survey  of  the  building  situation  made  by  the 
F.  W.  Dodge  Co.,  indicates  that  plans  and  specifications  have 
been  prepared  for  new  construction  that  will  cost  at  least 
1450,000,000.  These  figures  are  based  on  reports  from 
about  400  widely  distributed  architects  and  engineers,  and 
cover  private,  semi-public  and  municipal  projects,  the  prog- 
ress of  which  has  been  retarded  by  war  time  restrictions  on 
non-essential  construction.  A  partial  list  of  the  new  opera- 
tions follows?  , 


Ijocation. 

.New   York    

BufTalo    . '  14 

Newark     g 

Boston    .  ■  ]  12 

Worcester,  Mass .  .*  7 

Kast  .Massachusetts  cities. .                             . . !  17 

Maine  and  New  Hampshire g 

<  'onnecticut     9 

Plulaiielphla.  Pa 42 

Trenton  and  Camden,   N.  .1 11 

lOast    Pennsylvatila   cities 15                  4  250  000 

Baltimore    ig                   4.160,00ti 

I'lttshurKh 42                 15.375.000 

19  .■51.450,000 

2                   3.53.1.000 

6                   2.005.000 

42               144.047,OOu 


No.  of 

reports.  Total  cost, 

itl  J  7»,575,U00 

14  3,S93.000 

8  4.235.0011 

12  20.816. OJ'j 

7  i;i2n.onii 
17  ;i.88r..ooo 

8  1,350.000 

9  6,089,000 
42  43.740,000 

3.955,000 


land,  f\ 
(^oliinitius.  O. 
<'inclnnati.  O. 
(hicaKO,  III.    .. 

Totals    3,53  1377.300.000 

Of  the  total,  $189,951,000  Is  for  industrial  and  office  build- 
ings; |42,4:1.>,000  is  for  apartments,  stores  and  restaurants: 
$104,014,000  is  for  institutions,  churches,  and  municipal,  and 
$.'!8.171.000  for  miscellaneous  schools. 


One  Engineering   Society   Acts  to  Secure 
"After  the  War  Work" 

The  Engineers  Society  of  St.  Paul  at  one  of  its  meetings 
in  October  considered  the  qucstii  n  of  employment  fr.-  the 
returning  soldiers,  particularly  the  engineering  unit:'.  The 
following  resolution  was  adopted  by  the  Society: 

Wherea.s,  A  larse  Held  for  ilie  omplo.vmcnt  of  lx)th  skilled 
and  common  labor  can  Ih;  provided  by  promptly  undorlnkini;  the 
construction  of  extensive  pul>llc  lniprovement«.  such  as  high- 
ways, pnvinc  brldKea.  sewers  and  waterworks,  and  also  of  pri- 
vate projects,  many  of  which  have  l>een  suspended  during  the 
war;  tie  It  theroforo 

Resolved.  That  public  ofnclals  and  private  Interest.^  who  will 
have  Hueh  construction  work  In  charKO  bo  urged  to  take  imme- 
diate action  toward  completing  the  preliminary  steps  and  formu- 
lating plans  for  such  construction  work. 
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War  Industry  Board  Removes  All  Restric- 
tions on  Building  Construction 

The  War  Industries  Board  has  removed  all  restrictions 
on  non-war  construction,  and  building  operations  of  any 
character,  which  were  suspended  by  the  war,  may  now  be 
resumed  without  further  permits.  Chairman  Baruch  of  the 
War  Industries  Board  announced  on  Nov.  21  that  D.  R. 
McLennan,  chief  of  the  non-war  construction  section  of  the 
board,  had  telegraphed  the  order  to  chairmen  of  State  Coun- 
cils of  Defense.    This  official  announcement  states: 

"The  action  taken  permits  all  building  operations  of  what- 
ever character,  held  up  in  the  interest  of  the  war  program, 
to  proceed.  No  further  permits  will  be  required  from  the 
War  Industries  Board  or  the  State  Councils,  through  whom 
control  over  the  situation  in  each  state  was  maintained. 
Immediately  following  the  signing  of  the  armistice  on  Nov. 
11,  the  non-war  construction  section  took  steps  to  loosen 
the  restraints  on  the  industry,  and  in  a  formal  order  issued 
that  day  removed  a  great  many  of  the  barriers.  Since  then, 
and  with  a  view  to  assisting  the  industry  back  to  a  com- 
plete peace  basis  as  quickly  as  possible,  a  careful  canvass 
has  been  made  of  the  conditions  in  each  state  with  respect 
to  building  materials,  transportation,  and  the  supply  of  fuel 
and  laljor.  In  this  investigation  the  non-war  construction 
section  sought  the  views  of  the  industry  itself  and  of  the 
State  Councils  of  Defense.  The  replies  received,  coming 
from  practically  all  the  states,  showed  an  unanimous  opin- 
ion in  favor  of  such  action." 


Saving  of  Coal  by  Covering  Boilers 

A  practical  test  of  coal  consumption  in  covered  and 
uncovered  boilers  is  cited  by  Mr.  Glen  D.  Bagley,  in  a 
paper  in  the  November  Journal  of  the  American  Society 
of  Mechanical  Engineers.  The  test  was  made  in  a  mine 
plant  at  Bruceton,  Pa.,  where  there  were  two  boilers  of 
80  and  60  HP.,  locomotive  type,  having  675  sq.  ft.  of  ex- 
posed surface.  The  tests  covered  a  period  of  24  hours. 
Conditions  of  load,  etc.,  were  practically  the  same  during 
both  tests.  During  the  first  test  while  the  boilers  were 
uncovered,  10,784  lb.  of  coal  was  burned  to  evaporate 
58,000  lb.  of  water.  In  the  second  test,  after  the  boilers 
had  been  covered  with  2  in.  of  85  per  cent  magnesia  blocks 
and  plastic,  9296  lb.  of  coal  was  burned  to  evaporate  59,500 
lb.  of  water,  or  1500  lb.  more  water  evaporated  with  1488 
lb.  less  of  coal  burned.  If  calculated  for  an  equal  evapora- 
tion of  water,  the  saving  in  coal  would  be  1700  lb.  per  day. 
The  calculated  saving  based  on  laboratory  experiments  was 
between  1400  and  1500  lb.  per  day.  This  saving  amounts  to 
15  per  cent  of  the  coal  burned  due  to  covering  the  boilers 
alone,  as  the  pipe  lines  were  not  included  in  the  test. 


Liquid  Wax  Paint 

A  liquid  wax  paint,  which  is  claimed  to  penetrate  beneath 
the  surface  of  wood,  filling  the  pores  with  an  imperishable 
plastic  wax  filler,  has  been  placed  on  the  market  by  The 
Reilly  Co.,  Indianapolis.  Ind.  The  full  application  can  usually 
be  made  m  one  coat,  either  by  means  of  the  brush  or  by 
spraying  apparatus.  The  paint  can  be  applied  in  cold . 
weather  equally  as  well  as  in  warm  weather,  the  only  re- 
quirement being  that  the  surface  be  dry.  This  paint  is  also 
put  up  in  a  special  type  for  waterproofing  and  protecting 
brick  and  concrete.  The  trade  name  of  this  product  is 
weatherwax. 


Continuance    of    Student    Army    Training    Corps    in    State 

Universities  Recommended. — At  a  meeting  of  the  National 
Association  of  State  Universities  at  Chicago  on  Nov.  12, 
resolutions  were  adopted  recommending  the  continuance 
of  the  Student  Army  Training  Corps  until  June,  1919,  and 
a  readjustment  of  school,  college  and  university  courses  by 
January.  A  committee  was  appointed  to  place  the  resolu- 
tions before  the  war  department.  Speakers  said  that  the 
military  training  of  young  men  was  necessary  to  a  limited 
extent. 


Associated  General  Contractors  of  America 

A  new  national  contracting  organization — Associated  Gen- 
eral Contractors  of  America — was  formed  at  a  convention 
held  at  Chicago  Nov.  20  and  21.  About  250  delegates,  rep- 
resenting the  largest  contracting  companies  in  the  country, 
attended  the  meetings.  The  following  officers  were  elected: 
President,  D.  A.  Garber  of  the  Northeastern  Construction 
Co.,  New  York  City;  first  vice  president,  W.  A.  Rogers  of 
Bates  &  Rogers,  Chicago;  seccnd  vice  president,  T.  T. 
Flagler  of  the  Flagler  Co.,  Atlanta,  Ga.;  third  vice  presi- 
dent, John  W.  Cowper  of  the  John  W.  Cowper  Co.,  Buffalo, 
N.  Y.;  treasurer,  C.  F.  Mullen  of  the  Master  &  Mullen  Co., 
Cleveland,  O.  The  following  were  elected  members  of  the 
Board  of  Directors:  Noble  F.  Hoggedon,  New  York;  F.  J. 
Maclsaac,  New  York;  C.  W.  Gompertz,  San  Francisco,  and 
George  Watson,  Dallas,  Texas,  for  1  year  term;  Richard  Por- 
ter, Portland,  Ore.,  A.  P.  Greensfelder,  St.  Louis,  Edward 
Haupt,  Chicago,  and  Thomas  Bentley,  Toledo,  tor  2  year 
term;  E.  J.  Thomas.  Memphis,  Tenn.,  L.  C.  Wason.  Boston, 
M.  D.  Smith,  Detroit,  and  H.  B.  Hanger,  Richmond,  Va.,  for 
3  year  term.  The  general  offices  of  the  association  will  be 
located  in  Chicago. 

The  objects  and  membership  conditions  are  set  forth  as 
follows  in  the  constitution: 

The  objects  of  the  Association  are  to  promote  better  relations 
l)etween  private  owners  and  public  bodies,  their  architects  or  en- 
Sineers  on  the  one  hand,  and  contractors  on  the  other;  to  main- 
tain high  professional  standards  in  the  conduct  of  work;  to 
comljat  unfair  practices;  to  encourage  efficiency  among  contrac- 
tors; to  support  contractors  and  contractors'  associations  in 
efforts  to  rectify  conditions  of  an  unsatisfactory  cliaracter;  to 
encourage  those  methods  of  contracting  for  work  which  relieve 
the  contractor  of  improper  risks,  and  to  encourage  sound  busi- 
ne.ss  methods  tending  to  raise  the  standing-  of  contractors  gen- 
erally in   the   business  world. 

Only  General  Contractors,  either  individuals,  firms  or  cor- 
porations, who  have  been  engaged  tor  at  least  2  years  in  gen- 
eral contracting  prior  to  applying  for  membership  in  this  Asso- 
ciation, or  who  have  established  a  reputation  for  skill,  honesty 
and  responsibility,  shall  be  eligible  for  membership.  They  must 
also  undertake  work  in  its  entirety.^  partly  at  least  with  their 
own   constructing   forces. 

Members  of  the  Association  must  be  Associated  Organiza- 
•tions  of  general  contractors,  individuals,  firm  or  corporations 
engaged  in  general  contracting.  Only  such  members  of  Asso- 
ciated Organizations  as  fulfill  the  above  requirements  shall 
have   voting   represe-ntation    in    this   Association. 

Personals 

Captain  W.  P.  Dodge,  formerly  yard  foreman  for  the  St. 
.lolin'.s  Ri\er  .Ship  Yard  Co..  Jacksonville,  Fla.,  has  been  appointed 
as.'.^i.starit    superintendent. 

G.  C.  Thayer,  fornierlv  connected  with  the  Cramp  ship  yard 
at  Philadelphia,  has  been  appointed  general  manager  of  the 
Merchant  .'Shipbuilding  Corporation  of  Harriman,  N.  J. 

W.  C.  Wangler,  assistant  city  engineer  of  Dayton.  O.,  has  been 
appointed  bridse  engineer,  to  succeed  George  P.  Baker,  who  at 
present  is  :',  lieutenant  in  the  U.  S.  Engineers'  Reserve. 

S.  D.  Moses,  heretofore  resident  engineer  of  the  Southern 
P.y.  at  Alexandria,  Va.,  has  been  appointed  superintendent  of 
liridges  and  buildings,   with   headquarters  at  Richmond,   Va. 

Charles  D.  Weirback,  formerly  city  engineer  of  AUentown. 
Pa.,  has  been  promoted  to  captain  in  the  army  in  recognition  of 
his  work  as  sanitary  engineer  at   the   Hog  Island  ship  yards. 

Robert  E.  Kline,  formerly  an  engineer  and  contractor  of  Day- 
ton, O..  has  been  appointed  district  engineer  for  all  New  England 
loast  ship  yard  activities  of  the  Emergency  Fleet  Corporation. 

John  H.  Sawkins  has  been  appointed  assistant  professor  in 
er.gineering.  drawing,  surveying  and  descriptive  geometry  at 
I'nion  College.  He  formerly  was  connected  with  Henry  Steers, 
Inc.,  contracting  engineers,  New  York  City. 

Charles  P.  Richardson,  assistant  engineer  of  track  elevation  of 
the  Chicago,  Rock  Island  &  Pacific  Ry.,  has  been  appointed 
engineer  of  water  service,  to  succeed  J.  M.  Brown,  who  has  been 
appointed  corporation   engineer  of  maintenance  and  construction. 

Obituaries 

Lieut.  W.  C.  Ackeson,  formerly  an  engineer  of  the  People's 
X;itional  Gas  Co..  Pittsburgh,  was  killed  in  action  Oct.  14. 

Philip  Tumulty,  a  contractor  and  real  estate  operator  of  Jer- 
sey City,  N.  J.,  died  Xov.  20.  He  was  father  of  Joseph  P. 
Tumulty,   secretary   to   President  Wilson. 

Pierre  de  Peyster  Ricketts,  mineralological  and  mining  en- 
gineer, who  for  34  years  was  professor  of  analytical  chemistry 
and  assaying  at  Columbia  University,  died  Nov.  21,  in  his  71st 
vear.     He'  was  the  author  of  "Notes  on  Assaying." 


Trade  Publications 

The  Milwaukee  Corrugating  Co.,  JSIilwaukee.  Wis.,  has  .lust 
issued  a  booklet  describing  the  uses  of  its  products — inside  cor- 
ner beads — in  preventing  cracks  in  plaster.  The  publication  con- 
tain.5  an  interesting  discussion  of  the  causes  of  these  cracks. 
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Roads  and  Streets — 1st  Wednesday 

(a)  Roads  (c)   Street   Cleaning 

(b)  Strsets  (d)    Municipal    Miscellanies 

Waterworks  and  Hydraulics — 2nd  Wednesday 

<a)   Waterworks  <c)   Irrigation    and    Drainage 

(b)   Sewers  and  Saol-  (d)   Power 
tmtlon 


Railways  and  Govt.  Works — 3rd  Wednesday 

(a)  Excavation      and  (c)   Uarbora   and    Docks 

Dredging 

(b)  Rivers  and  Canals       (d)   Railway    Conatructloj 

Buildings  and  Structures — 4tb  Wednesday 

(a)  Buildings  (c)   Ship  Construction 

(b)  Bridges  (dl    Miscellaneous    Struct 
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E.  &  C.  Index  Furnished  Only  on 
Request 

Hitherto  it  has  been  customary  to  send  the  inde.x  of  our 
articles  to  every  subscriber.  In  order  to  conserve  paper 
the  Index  for  the  six  months  ending  Dec.  31  will  be  sent 
only  to  subscribers  who  send  a  postal  card  or  letter  re- 
questing a  copy  of  the  index.  It  will  assist  us  If  those  de- 
siring the  index   will  notify   us  at  once. 


Why  Federal  Government  Should 
Vastly  Increase  Its  Appropria- 
tion for  State  Aid  in  Road 
Building 

During  the  last  few  years  this  country  has  averaged 
about  a  quarter  of  a  billion  dollars  annual  expenditure 
for  road  construction,  and  many  people  have  spoken  of 
this  as  If  it  were  a  huge  sum.  The  war  has  at  least 
seired  to  give  Americans  an  economic  perspective,  so  that 
we  are  in  little  danger  of  ever  again  regarding  a  quarter 
of  a  billion  dollars  annually  for  roads  as  being  at  all 
adequate.  Ten  times  that  sum  would  be  none  too  large 
an  amount  to  spend  even  in  norniul  years.  In  the  abnor- 
mal year  of  post  bellum  readju-stment  that  confronts  us. 
It  would  be  an  act  of  true  economy  were  $5,000,000,000  ex- 
pended for  Improved  roads  and  streets  In  America.  Hugo 
as  this  sum  looks.  It  equals  only  two  months'  expenditure 
for  war  purposes  by  the  Federal  government.  There  are 
2,500.000  miles  of  roads  In  America,  and  scarcely  one  milo 
in  ten  is  better  than  a  dirt  road.  In  England  and  In  France 


there  is  not  a  public  dirt  road  to  be  found  anywhere. 
All  are  paved  in  some  manner. 

Our  excuses  for  our  disgraceful  lack  of  an  adequate  sys- 
tem of  hard  roads  never  have  been  sound.  We  have  point- 
ed to  our  excellent  railways,  both  steam  and  electric,  and 
have  tried  to  argue  that  their  excellence  excused  the 
poorness  of  our  roads.  We  have  contrasted  our  great 
area  with  the  small  areas  of  France  and  England,  and 
have  tried  to  make  out  of  that  an  excuse  for  our  stupen- 
dous mileage  of  dirt  roads.  But  all  such  arguments  are 
sophistical.  The  plain  fact  is  that  In  spite  of  our  fre- 
quent talk  about  "the  necessity  of  good  roads"  we  have 
almost  none,  and  mainly  because  the  farmers  were  either 
indifferent  or  positively  antagonistic  to  large  appropria- 
tions for  roads. 

The  automobile  has  at  last  served  to  open  the  eyes 
of  the  farmers,  so  we  shall  never  again  witness  their  op- 
position to  road  appropriations.  This  was  well  shown  by 
the  recent  balloting  In  Illinois  on  the  proposed  $60,000,000 
road  bond  issue,  which  was  carried  by  a  vote  of  4  to  1. 
Even  more  striking  was  the  result  in  Pennsylvania  where 
the  $50,000,000  highway  bond  issue  was  carried  Nov.  5 
by  a  majority  of  more  than  200,000,  whereas  it  was  de- 
feated by  40,000  five  years  ago. 

Clearly  the  great  majority  of  both  farmers  and  city 
residents  now  favor  extensive  road  Improvement.  We 
face  a  new  era,  we  who  have  struggled  for  25  years  to 
arouse  a  lethargic  public.  The  public  Is  at  last  awake  and 
ready  to  endorse  any  sound  project  for  the  building  of  an 
adequate  system  of  highways  in  this  country.  The  year 
before  America  entered  the  war  we  had  secured  the  pas- 
sage of  a  Federal  road  bill  providing  $7.'i. 000.000,  to  be 
matched  dollar  for  dollar  from  the  treasuries  of  the  states. 
.\Imost  none  of  this  money  has  been  spent.  It  will  form 
"a  good  starter,"  but  that  Is  all.    Congress  should  now  be 
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asked  to  multiply  it  by  thirty,  and  to  provide  that  it  shall 
be  expended  as  rapidly  as  is  consistent  with  economy. 
The  $75,000,000  was  to  have  been  spread  over  five  years, 
but  "conditions  have  changed  so  greatly  that  thirty  times 
that  sum  should  be  expended,  not  in  five  years,  but  in 
one  year. 

The  Office  of  Public  Roads  is  now  merely  a  bureau  of 
the  Department  of  Agriculture.  It  should  be  made  a  de- 
partment itself,  for  it  is  destined  to  be  one  of  the  most 
important  branches  of  our  government,  the  Department 
of  Roads.  Under  the  management  of  an  able  executive 
who  is  also  an  able  highway  engineer,  Logan  Waller  Page, 
the  Office  of  Public  Roads  has  already  performed  import- 
ant and  admirable  service.  But  the  infant  bureau  has 
grown  to  man's  estate,  and  should  now  become  a  separate 
department  of  the  government.  Roads,  in  common  with 
railways,  serve  our  agricultural  communities,  but  they 
also  serve  every  person  in  the  land.  Hence  the  Office 
of  Public  Roads  should  not  remain  subordinate  to  the 
Department  of  Agriculture. 

With  this  change  it  will  be  evident  to  everyone  that 
America  at  last  has  joined  the  other  great  nations  of 
the  world  in  regarding  good  roads  as  being  great  national 
assets.  Who  will  ever  again  say  that  roads  are  of  pure- 
ly local  importance?  Every  qualified  student  of  the  war 
has  said  that  without  her  splendid  system  of  national 
highways,  France  would  have  lost  the  war  four  years  ago. 
The  end  of  the  war  was  greatly  hastened  by  those  same 
roads  over  which  more  than  150,000  motor  trucks  car- 
ried both  men  and  supplies.  At  the  end  of  September  a 
leading  German  military  critic,  Baron  von  Ardenne,  said: 
Circumstances  are  now  such  that  only  successful  defense 
can  be  our  aim,  for  the  enemy  can  transfer  reserves  all  over  the 
front  by  means  of  a  countless  column  of  motor  wagons;  but  such 
wealth  in  vehicles  is  denied  the  German  command. 

This  is  a  tribute  to  allied  and  American  motor  trucks 
as  a  factor  in  winning  the  war,  but  it  is  equally  a  tribute 
to  the  foresight  of  Napoleon  Bonaparte,  for  it  was  he  who 
founded  the  system  of  national  highways  for  which  France 
has  been  famous  for  more  than  a  century. 

Entirely  aside  from  the  military  need  of  a  great  system 
of  hard  roads  in  America  there  is  a  social  and  industrial 
need  of  even  greater  importance.  Elsewhere  in  this  is- 
sue we  have  quoted  Secretaries  Lane  and  Redfield  on 
this  aspect  of  the  road  problem.  To  make  farm  life  more 
attractive  there  must  be  provided  roads  that  will  be  usable 
every  day  of  the  year.     This  much  is  a  social  necessity. 

Reduction  in  the  cost  of  transportation  is  only  one  of 
the  economic  ends  attained  by  building  hard  roads.  Hoover 
has  stated  that  half  the  perishable  products  of  our  farms 
rot  on  the  farms  for  lack  of  prompt  delivery  to  the  mar- 
kets. Coming  from  any  less  authoritative  source  such  a 
statement  would  seem  incredible.  Coming  from  Hoover 
we  may  be  sure  that  it  was  based  on  facts.  Hence  it  is 
clear  that  the  nation  could  spend  billions  of  dollars  to 
great  advantage  in  building  hard  roads,  if  only  to  save 
the  food  now  wasted  for  lack  of  roads  that  can  be  used 
efficiently  every  day  of  the  year. 

Secretary  Lane  says  that  the  farmers  unaided  financial- 
ly by  the  public  can  not  be  expected  to  build  an  adequate 
road  system.  As  well  expect  the  farmers  to  finance  the 
railways  as  to  finance  the  roads.  The  entire  public  should 
bear  the  financial  burden  of  road  building.  In  part  this 
is  now  accomplished  by  county  road  appropriations,  in 
part  by  state  appropriations,  and  in  part  by  federal  appro- 
priations. It  is  about  the  federal  appropriations  that  we 
are  now  speaking. 

The  federal  government  since  It  came  into  being  142 
years  ago  has  expended  less  than  $25,000,000  for  roads. 
It  really  owes  a  stupendous  debt  to  the  states  upon  whose 
roads  it  has  been  dependent  for  mail  deliveries  and  other 
service.  It  should  pay  that  debt  now  and  with  compound 
interest,  now  when  millions  of  war  workers  and  millions 
of  soldiers  are  available  to  build  the  roads. 

A  few  daily  paper  editors  of  narrow  vision  have  already 
begun  to  oppose  any  federal  appropriations  intended  to 
provide  work  for  men  during  the  period  of  readjustment. 
If  the  work  so  provided  were  useless  work,  such  opposi- 
tion  would   be   sound.     But   no   one   dares   call   road   work 


useless.  The  argument  is  made  that  our  returning  sol- 
diers neither  expect  nor  need  charity  from  Uncle  Sam. 
True,  but  they  will  both  expect  and  need  work.  They 
will  want  useful  work,  too,  work  in  which  they  will  feel 
the  pride  of  real  accomplishment.  Such  work  is  the  build- 
ing of  public  highways. 

All  our  engineering  societies  and  clubs  should  ally  them- 
selves with  chambers  of  commerce  and  other  bodies  of 
public  spirited  men  in  urging  Congress  to  make  adequate 
appropriations  at  once  for  federal  road  work  and  for  fur- 
ther federal  aid  to  the  states.  The  $75,000,000  already 
appropriated  is  but  a  pigmy  purse  for  a  giant  job. 


Who  Is  an  Engineer? 

Whoever  has  not  studied  the  chapters  on  Definition  in 
several  works  on  logic  can  hardly  appreciate  what  con- 
stitutes a  scientific  definition.  Moreover,  even  after  study 
ing  the  science  of  defining  terms,  unless  a  person  has  had 
a  good  deal  of  practice  in  applying  the  principles  laid  down 
by  the  logicians,  he  is  apt  to  fail  in  his  attempts  to  write 
definitions  that  will  meet  all  the  logical  requirements.  It 
is  often  difficult  enough  to  write  an  ideal  definition  of  a 
class  of  physical  things,  but  the  difficulties  multiply  when 
the  "thing"  is  a  class  of  mental  activity.  Attempt  to  de- 
fine "good,"  'beautiful,"  "science,"  "economics,"  and  "engi- 
neering," if  you  wish  to  appreciate  the  Inherent  difficulties 
in   specifying  classes   of  mental   activity. 

To  write  a  definition  of  "definition"  is  itself  uot  so  sin: 
pie  a  task  as  it  seems.  Even  the  logicians  differ  in  defin- 
ing "definition."  Yet  "definition"  should  be  itself  defined 
before  any  attempt  is  made  to  write  definitions.  We  offer 
the  following. 

An  ideal  definition  is  the  most  concise  specification  of  a 
class,  which  clearly  includes  every  member  of  the  class  yet 
clearly  excludes  every  non-member. 

Let  us  now  attempt  to  apply  this  criterion  to  .some  of 
the  definitions  of  engineering. 

A  century  ago  Tredgoid  formulated  a  definition  that  was 
adopted  by  the  British  Institution  of  Civil  Engineers.  It 
was:  "Engineering  is  the  art  of  directing  the  great  sources 
of  power  in  nature  for  the  use  and  convenience  of  man." 

This  definition  fails  to  specify  the  field  of  engineering, 
for  under  it  may  be  included  ordinary  farming.  Moreover, 
the  definition  fails  to  specify  the  directing  of  human  en- 
ergy, for  the  expression  "the  great  sources  of  power  in  na- 
ture is  commonly  taken  to  mean  only  "external  energies'' 
such  as  gravitation,  steam  power,  etc.  The  energy  of  the 
human  mind  and  body  Is  thus  excluded  from  this  definition. 

The  late  A.  M.  Wellington,  in  his  great  book  on  the  Eco- 
nomic Theory  of  Railway  Location,  was  perhaps  the  first 
to  rebel  against  the  Tregold  definition.  He  wrote:  "It 
would  be  well  if  engineering  were  less  generally  thought 
of,  or  even  defined,  as  the  art  of  constructing.  In  a  cer- 
tain important  sense  it  is  the  art  of  not  constructing:  or. 
to  define  it  rudely  but  not  inaptly,  it  is  the  art  of  doing 
that  well  with  one  dollar,  which  any  bungler  can  do  with 
two  after  a  fashion."  Wellington,  it  will  be  noted,  made 
no  serious  attempt  to  write  a  scientific  definition  of  engi- 
neering, but  he  performed  an  inestimable  service  in  in- 
troducing the  conception  of  the  engineer  as  an  economist. 

When  the  editor  of  Engineering  and  Contracting  wrote 
his  Handbook  of  Cost  Data,  he  decided  to  begin  with  a 
discussion  of  the  meaning  of  the  term  engineering.  Ac- 
cordingly he  framed  the  following  definition:  "Engineer- 
ing is  the  conscious  application  of  science  to  the  problems 
of  economic  production."  This  definition  may  be  regarded 
as  including  all  classes  of  men  who  apply  science  in  solv- 
ing economic  problems,  whether  the  science  be  one  of 
the  physical  sciences  or  one  of  the  mental  sciences,  or 
any  combination  thereof.  Among  the  mental  sciences  we 
have  the  "science  of  management"  in  so  far  as  its  psycho- 
logical laws  are  concerned.  The  writer  saw  no  need  of 
specifying  any  particular  science,  such  as  management, 
when  he  had  specified  all  science. 

This  definition  excludes  not  only  pure  scientists,  but  it 
excludes  those  who  apply  science  for  other  purposes  than 
"economic  production."     Thus  the  doctor  is  excluded,  be- 
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cause  he  applies  .science  to  alleviate  suffering  and  secure 
health.  The  artist  is  escluded,  for  his  application  of  scienc- 
is  for  the  purpose  of  producinK  beautiful  i-ffectB  As  stated 
IB  the  Jlandbooic  of  Tost  Data,  "this  dellnUion  may  ulti- 
mately ho  regarded  as  too  broad.'  Thus  it  might  be  held 
;hat  It  does  not  exclude  farmers  who  apply  scientific  prin- 
ciples, yet  do  not  make  it  their  main  occupation  to  apply 
science.  To  remove  this  defect,  as  far  as  may  be,  the 
definition  may  be  modified  to  read  thus: 

An  engineer  is  one  whose  vocation  Is  the  systematic 
study  and  application  of  science  to  the  problems  of  eco- 
nomic production. 

The  word  -production"  Is  to  be  given  its  broadest  eco- 
nomic significance.  The  word  "systematic"  Is  Introduced 
lo  make  dear  the  fact  that  the  "application  of  science"  is 
not   desultory,  spasmodic  or  incidental. 

It  should  be  recognized  at  once  that  no  definition  of  any 
class  of  mental  activity  can  be  framed  that  will  perfectly 
define  the  boundary  line  between  it  and  other  classes,  un- 
less some  more  or  less  arbitrary  division  is  established. 
Thus,  to  define  symbolic  logic  so  as  to  exclude  mathematics 
is  impossible,  except  it  be  arbitrarily  decided  that  sym 
bolic  logic  shall  exclude  definite  quantitative  terms.  And 
so  it  is  with  every  other  branch  of  knowledge.  Neverthe- 
less, in  spite  of  the  fact  that  different  classes  of  knowl- 
edge overlap  or  merge,  it  is  not  an  idle  attempt  to  indicate 
the  approximate  boundaries  and  the' extent  of  overlap. 

Mr.  A.  H.  Krom,  director  of  the  division  of  engineering 
of  the  V.  S  Employment  Service,  has  written  the 
following  definition  for  the  use  of  his  department: 
'An  engineer  is  one  who  economically  directs  man  power 
and,  by  scientific  design;  utilizes  the  forces  and  materials 
of  nature  for  the  benefit  of  mankind."  For  reasons  above 
given,  this  definition  seems  somewhat  too  broad.  In  its 
purport,  however,  it  does  not  differ  from  the  definition  that 
the  editor  formulated  in  his  Handbook  of  Cost  Data.  Mr. 
Krom  has  retained  the  Tredgold  thought  "for  the  benefit 
of  mankind."  which  to  the  editor  seems  superfluous:  for  if 
the  engineer  directs  "economically"  it  follows  that  his  di- 
recting must  be  "for  (he  benefit  of  mankind."  However, 
it  may  be  desirable  thus  to  emphasize  the  public  service 
that  engineers  perform.  The  two  very  important  words, 
economics  and  science,  receive  proper  recognition  in  this 
definition.  The  definition  is  commendable,  but  seems  to 
need  a  clause  or  adjective  that  will  lessen  its  scope  and 
specify  morp  exactly  who  is  entitled  to  be  called  an  engi- 
neer. 


The  Government  as  Unprepared 
for  Peace  as  It  Was  for  War 

Governments  have  a  farully  of  nc\.T  being  prepared 
for  a  radical  change  even  when  the  change  is  in  sight. 
From  the  day  the  Lusitania  was  sunk.  .America's  entrance 
into  the  world  war  was  prognosticated  by  many  business 
and  professional  men.  Yet  two  years  later  when  America 
entered  the  conflict  it  entered  unprepared. 

From  the  early  part  of  .July  when  the  allies  and  Ameri- 
cans began  their  uninterrupted  advance  that  culminated 
In  the  enemy'.s  surrender  four  months  later,  many  keen 
observers  predicted  victory  in  the  spring  of  1919,  and 
not  a  few  were  the  forecasts  of  victory  before  Christmas 
of  1018.  With  victory  predicted  last  summer  by  General 
Pershing  as  probable  within  a  year,  still  our  government 
took  no  steps  to  provide  for  the  transition  period  of  in- 
dustrial readjustment  following  the  close  of  hostilities. 
In  fact  even  yet  the  government  is  gasping  with  astonish- 
ment at  the  end  of  the  war,  and  has  announced  no  definite 
policy  of  government  aid  during  the  imminent  period  of 
readjustment.     As  the  "Iron  Age"  remarked  Nov.  5: 

Events  h.-iM-  moved  so  fa.«t  In  Kuro|ifl  ihiit  ofTIrlal  WnBhlnc- 
'on  Is  waklni;  up  with  some  alann  to  find  that  It  hn«  made  prac- 
t lenity  no  preparation  for  ponre  For  six  months  ohsorvors  have 
lieen  pointing  out  the  danger  of  that  iinpreparcdncss,  but  nil  the 
responsible  ofTletala  have  dccliirod  that  Its  mere  dlscu.islon  wouM 
Interfere  with  the  work  of  war.  Therefore  nothlnR  has  been 
done. 

.Inst  what  the  reconstruction  work  will  he  no  one  seems  lo 
have  a  clear  idea.     The  fact  that  European  Governments  on  Imth 


Hides  of  the  wor  xone  have  b.  en  busy  for  yea™  miipplns  out  re- 
eon.^iruelion  p'nns  aeema  to  mean  little  to  the  offlelals  In  Wnsh- 
Inirton.  It  I.-,  dinicult  to  escape  the  conclusion  that  they  believe 
a  eo.iple  of  days  of  liard  thmking  will  enable  us  to  cauh  up 
with  the  |)roblem  European  oitlclals  have  been  working  for  years 
to  solve.  It  Is  also  dinUrult  to  escape  the  conviction  tiiat  offlclal 
WnshlnKton  has  the  same  feeline  toward  the  economic  ajipeci« 
of  i*ace  that  It  had  toward  the  economic  aspects  of  war  It 
feels  a  certain  sanctity  about  impreparedness.  It  has  such  u 
hiKh  confidence  In  the  enormous  power  of  our  Industrial  slrenhth 
that  It  feels  preparedness  Is  unnecessary,  and  that  there  Is  no 
problem  which  our  Industries  cannot  meet,  at  Mre  alarm  speed 
wltliout  .my  advance  preimratlon. 

The  president  has  been  absorbed  In  war  matters,  and 
is  now  about  to  devote  himself  to  peace  negotiations 
Congress,  accustomed  to  await  his  leadership,  has  done 
nothing  toward  preparing  an  industrial  readjustment  pro 
gram.  All  Is  headless,  yet  never  was  there  greater  need 
of  intelligent  leadership.  Apparently  this  leadership  must 
create  itself.  Organizations  of  business  men  acting  in  co 
operation  with  engineering  societies  seem  best  fitted  to 
plan  the  national  readjustment.  Civil  engineering  societies 
in  particular  should  lose  no  time  in  asserting  their  leader 
ship 


Why  Large  Sums  Should  Be  Ap- 
propriated for  Public  Works 

Secretary  of  Agriculture  Houston  has  said  that  highway 
building  will  be  "a  vital  factor  in  the  reconstruction  period.'' 
and  that  the  federal  government  and  states  have  on  hand 
$75,000,000  not  expended  last  year,  owing  to  the  stoppage 
of  road  work.  We  are  glad  to  record  Secretary  Houston's 
approval  of  an  extensive  road  building  program  as  "a  worth> 
project  for  the  employment  of  the  surplus  labor  su4)ply  ex- 
pected to  result  from  the  demobilization  of  the  army."  But 
when  will  he  and  other  federal  officials  cease  talking  as  if 
such  sums  as  $75,000,000  would  go  far  in  employing  men 
rendered  idle  by  demobilization? 

There  are  4,000,000  men  In  our  army  and  it  is  estimated 
that  twice  as  many  more  are  engaged  directly  or  lndirectl.\ 
on  war  work.  Twelve  million  men  at  $4  a  day  is  nearly 
$50,000,000  a  day.  The  $75,000,000  to  which  Secretary  Hous- 
ton refers  would  serve  to  keep  these  12,000,000  men  busy 
a  day  and  a  half! 

While  the  government  cannot  be  expected  to  provide  work 
for  all  who  will  soon  be  idle,  and  while  road  work  at  best 
could  keep  only  one  or  two  million  men  busy,  surely  gov- 
ernment officials  and  congressmen  should  be  made  to  realize 
at  once  that  really  large  sums  of  money  must  be  appro- 
priated for  roads  and  other  public  works,  unless  there  is 
to  be  much  suffering  during  1919. 


Who  Shall  Pay  for  Paving? 

To  the  editor:  The  koynole  of  comraonsent-e  has  again 
been  struck  by  Mr.  E.  R.  Dutton's  article  in  your  Nov.  •', 
issue  on  "Who  Shall  Pay  for  Paving?"  As  Mr.  Dutton  log 
ically  asserts,  ".  .  .  improve  the  street  or  road  and 
the  land  immediately  takes  on  an  added  value  by  reason 
of  such  improvement,  and  such  enhanced  value  Is  attrib- 
uted directly  to  the  improvement.  In  other  words,  the 
lmpro\ement  is  a  decided  benefit  lo  such  land.'' 

All  forms  of  public  progress  and  activity  are  reflected  in 
the  land  adjacent  thereto,  and  are  measured  by  the  land- 
values.  These  values  constitute  the  "unearned  Increment" 
that  is  now  being  pocketed  by  land  owners  and  speculators 
at  the  expense  tif  the  public.  This  wealth  Is  the  easiest 
kind  of  "easy  money"  and  has  poker  playing  and  horse 
racing  "beaten  by  a  block"  when  it  comes  to  picking  the 
"one-hestbet ."  But  because  we  have  legalized  this  method,  by 
law  and  custom  since  time  began,  "business"  men  cannot 
see  the  folly  of  allowing  landlords  to  pocket  wealth  that 
belongs  In  the  public  treasury.  Christopher  Columbus  was 
considered  a  fool  because  he  maintained  that  the  eiirth  i.- 
round.  Henry  Oeorge  is  considered  a  fool  because  he  has 
maintained  that  our  taxation-deal  is  not  square.  Being 
geometricians,  we  agree  that  every  obtuse  angle  has  a  sup- 
plementary acute  angle,  and  we  will  eventually  admit  that 
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our  present  taxational  obtuseness  is  supplemented  by  acute- 
ness  of  industrial  indigestion,  or,  in  the  words  of  Mr. 
Dutton,  "In  no  city  lias  it  been  successful  to  compel  the 
general  public  to  pay  a  very  large  part  of  the  expense,  as 
they  will  not  stand  for  it,  and  therefore  no  work  will'  be 
done." 

Single-tax   will   eventually   receive    the   same   recognition 
as  does  the  roundness  of  the  earth. 

THOMAS  N.  ASHTON,  C.  E. 

Fall  River,  Mass. 


Suggests  an  Engineer  for  Mayor  of 
Chicago 

To  the  Editor:  The  executive  committee  of  the  Chicago 
Chapter,  American  Association  of  Engineers,  in  session  Nov. 
23,  passed  a  resolution  recommending  to  the  public  the 
nomination  of  an  engineer  for  the  next  mayor  of  the  city 
of  Chicago. 

Since  there  seems  to  be  a  real  desire  on  the  part  of  the 
political  parties  to  co-operate  for  the  good  of  the  city  and 
elect  a  mayor  capable  of  carrying  out  the  great  construc- 
tion program  which  will  certainly  begin  at  the  close  of  the 
war,  then  why  not  select  a  man  from  the  engineering  pro- 
fession who  is  fitted  by  education  and  experience  to  direct 
such  projects? 

Engineers  are  not  seeking  offices  depending  upon  public 
patronage,  but  an  enlightened  public  would  do  well  to  seek 
the  engineer.  This  association  has  no  recommendation  to 
make  nor  does  it  enter  into  partisan  politics,  but  it  is  con- 
fident that  in  a  great  engineering  center  like  Chicago  sev- 
eral engineers  can  be  found  who  are  fully  capable  of  direct- 
ing the  affairs  of  the  city — affairs  which  are  to  a  large  ex- 
tent engineering  problems. 

It  would  be  significant  if  Chicago  should  recognize  the 
vital  importance  of  the  work  performed  by  the  engineers 
in  this  war  by  honoring  the  profession  through  the  selec- 
tion of  one  of  its  members  for  its  highest  office.  Practically 
100  per  cent  of  the  engineers  of  this  country  have  been 
engaged  throughout  the  war  on  essential  and  important 
work.  It  was  the  engineers  who  planned  and  built  the  can- 
tonments, the  tanks,  the  airplanes,  the  Liberty  motor,  the 
Eagles,  the  ships  and  the  guns.  It  was  the  engineers  "over 
there"  who  planned  and  built  the  docks,  the  railroads,  the 
engines,  the  telephone  systems,  manned  the  signal  corps, 
directed  the  artillery,  constructed  the  bridges  under  fire, 
and  fought  with  guns  when  called  upon. 

They  have  at  least  helped  to  win  the  war.     Are  they  not 
worthy  of  any  honor  which  can  be   bestowed  upon  them? 
ROBT.   W.    SHELMIRE, 
Secretary  Chicago  Chapter,  American  Association  of 
Engineers. 


Convention  of  American  Road  Builders'  Association. — 
The  Sixteenth  Annual  Convention  of  the  American  Road 
Builders'  Association  will  be  held  at  the  Hotel  McAlpin, 
New  York  City.  Feb.  25-28.  The  program  which  is  being 
prepared  will  include  technical  sessions  every  forenoon 
and  afternoon,  a  dinner  on  one  evening,  an  exhibition  by 
material  and  machinery  dealers  and  manufacturers,  and  a 
number  of  entertainments.  The  exhibition  will  be  held  in 
the  roof  garden  and  will  comprise  displays  of  models,  pho- 
tographs, sample  of  materials,  and  the  like. 


Pavement  Layouts  Inadequate  for 
Motor  Traffic 

By  WM.  M.  KINNEY. 

That  a  pavement  may  be  several  feet  wider  than  the 
combined  wudth  of  two  automobiles  and  yet  not  allow  those 
two  machines  to  pass  on  a  curve  should  be  more  generally 
realized.  Motor  cars  in  turning  occupy  a  considerably 
greater  width  of  pavement  than  when  on  a  straightaway. 
The  longer  and  wider  the  car  the  greater  is  the  extra  width 
necessary.  In  considering  this  matter  it  should  be  remem- 
bered that  increasing  the  radius  of  the  curve  will  lessen 
the  amount  that  must  be  added  to  the  standard  straight 
pavement.  This  fact  furnishes,  therefore,  an  additional  rea- 
son for  constructing  curves  with  longer  radii.  Since  the 
same  principle  applies  at  street  intersections,  increasing 
the  curb  radius  will  do  much  toward  relieving  congestion, 
often  making  a  narrow  pavement  as  effective  as  one  wider 
but  with  a  short  radius  for  the  curb  returns,  where  much 
of  the  congestion  occurs  at  the  intersections.  The  two 
photographs  bring  out  forcefully  mistakes  which  have  been 
made  in  pavement  layouts. 

In  Fig.  1,  which  shows  a  curve  with  a  28-ft.  inside  radius 
on   a   pavement   in   Chicago,   13   ft.   is  the    width    between 


Pennsylvania  State  Highway  Engineers  iVIeet. — The  semi- 
annual convention  of  the  Pennsylvania  State  Highway  En- 
gineers was  held  in  the  Capitol  Building  Nov.  13  and  was 
presided  over  by  Commissioner  J.  Denny  O'Neil.  These 
meetings  are  held  for  the  purpose  of  bringing  about  closer 
co-operation  among  the  various  divisions  and  to  acquaint 
the  engineers  with  any  new  ideas  that  may  have  developed 
during  the  season.  The  men  in  charge  of  the  15  engineer- 
ing districts  reported  that  the  roads  are  in  fine  shape  and 
that  the  only  delay,  or  cause  for  dissatisfaction,  concerning 
road  work  progress  has  been  on  new  construction,  where 
contractors  have  been  unable  to  secure  labor  or  materials. 
However,  all  uncompleted  roads  will  be  put  in  travelable 
shape  for  the  coming  winter. 

(1 


Fig.   1 — Curve   With   28   Ft.   Inside   Radius;   Widtli    Between    Fences 
is    13    Ft. 

fences.  Allowing  5%  ft.  for  the  over-all  width  of  each  au- 
tomobile, 6  in.  clearance  at  each  fence  and  1  ft.  between 
the  cars,  one  might  suppose  that  with  care  the  automobiles 
could  pass.  As  a  matter  of  fact,  if  each  is  turning  on  n 
constant  radius,  there  is  a  circular  band  3  ft.  wide  at  the 
center  of  the  pavement  which  must  be  used  by  both  ma- 
chines. This  over-lapping  of  lanes  is  due  to  the  fact  that 
each  automobile  is,  in  effect,  a  rectangular  body  moving 
with  the  inner  side  tangent  at  the  rear  axle  to  the  circle 
around  which  the  car  is  traveling  and,  therefore,  a  width 
much  in  excess  of  the  breadth  of  the  machine  is  covered. 
Assuming  no  clearance  at  the  fences,  the  width  of  this  cen- 
tral strip  needed  by  both  of  the  automobiles  remains  2  ft. 
To  provide  1  ft.  between  the  automobiles  and  the  same 
clearance  at  each  fence,  the  pavement  must  be  IS  ft.  wide. 
This  is  for  cars  of  average  wheel  base — 12  ft.  from  the  rear 
axle  to  the  front  of  the  fenders. 

One  large  truck  by  itself  would  have  none  too  much 
room  to  keep  clear  of  the  fences,  as  a  car  with  a  lo-ft. 
wheel  base  and  breadth  of  7  ft.  6  in.  requires  a  width  of 
101/^  ft.  On  the  curve  under  discussion  with  a  15-in.  clear- 
ance at  each  side,  the  entire  13-ft.  distance  available  is 
needed.  These  dimensions  for  widths  were  found  from  the 
equation :  W  =  R,  —  R,  where  R,  =  V  (R,  -h  B)=  -|-  L=  x  W 
is  the  width  of  pavement,  Ri  the  turning  radius  of  the  in- 
ner rear  wheel,  R,  the  turning  radius  of  the  outer  front  cor- 
ner of  the  machine,  B  the  breadth  of  the  car  and  L  the 
distance  from  the  rear  axle  to  the  front  of  the  fenders. 

Transferring  attention  to  the  question  of  curb  radii  at 
intersections,  it  is  true  that  considerable  progress  has  been 
made   in   convincing  engineers  of  the   need  for  adopting  a 
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radius  of  1.'  to  20  ft.  as  a  iiilnlniuui  fur  curb  returns.  Yet 
on  some  of  ChUiigo's  drives  used  solely  by  fast  moving 
motor  vehUlfs.  layouts  which  could  easily  be  chauK<.'d  ar< 
still  found,  where  short  curb  rudll  and  abrupt  turns  make 
ditnculi   the  observance  of  traftlc   rules,   whereas  the   nat- 


FlQ.    I — Showing    How    Short    Curb    Radius    Aggravates    Difficulty 
of   Turning. 

ural  and  convenient  way  to  drive  should  be.  so  far  as  possi- 
ble, the  lawful  way. 

For  example,  one  instance  occurs  where  a  much-used 
boulevard  is  divided  at  a  circular  grass  plot,  a  drive  for 
one-way  iraffic  only  lying  on  each  side  of  the  large  center 
space.  Since  the  direction  of  the  boulevard  changes  45' 
at  this  r-'int.  traffic  moving  in  one  direction  is  obliged  to 
travel  farther  and  to  turn  more  sharply  in  passing  around 


Fig.  3 — Reconstruction  of  Curbs  With  Longer  Radius,  as  Indicated 
by   Dotted   Lines,  Would   Expedite  Traffic   Movement. 

the  grass  plot  than  Is  tratllc  in  the  opposite  direction.  As 
shown  in  Fig.  2  where  an  automobile  is  seen  making  one 
of  the  two  reverse  turns  necessary  In  going  around  the 
longer  way,  a  short  curb  radius  aggravates  the  difflculty 
of  turning.  There  Is,  therefore,  little  cause  for  surprise 
that  autonioblllsts  frequently  drive  through  on  the  wrong 
side  instead   of   keeping   to   the   right  of  the  center  space. 


even  though  following  the  former  course  may  easily  re- 
sult in  a  collision. 

Kfconstruction  of  the  curbs  with  longer  radii,  as  indi- 
cated by  the  dotted  lines,  would  expedite  movement  of 
traffic  by  making  the  turns  more  gradual  and  in  this  way 
lessen  the  Incentive  for  using  the  left  drive.  By  Increasing 
the  turning  radius  of  the  machine,  centrifugal  force  devel- 
oped would  be  made  smaller  and  the  likelihood  of  skidding 
thereby  decreased. 

The  additional  width  provided  would  also  be  of  much  value. 
With  the  present  curbs,  only  one  machine  at  a  time  can 
pass  safely  between  the  lighting  standard  and  the  con- 
crete barrier,  so  that  on  a  drive  wide  enough  for  two  lines 
of  vehicles  each  way  on  straight  sections,  northbound  traffic 
at  these  turns  is  throttled  down  to  a  single  line.  At  present 
much  of  the  paved  area  is  never  used. 

Since  the  use  of  motor  vehicles  is  ever  being  extended, 
it  Is  essential  that  plans  for  future  paving  work  be  designed 
to  accommodate  motor  traffic,  and  in  addition,  that  pave- 
ments now  in  place  be  changed  to  conform  to  the  new  re- 
quirements, wherever  possible. 


Concrete  Road  Maintenance  Methods  of 
Wayne  County,  Michigan 

The  following  notes  on  the  road  maintenance  work  of 
the  Road  Commissioners  of  Wayne  County.  Michigan,  are 
abstracted  from  the  report  of  the  Commission  for  the  year 
ending  Sept.  30,  1918: 

The  entire  mileage  of  concrete  roads  of  the  county  was 
gone  over  one  or  more  times  during  the  year,  with  tar. 
torpedo  sand  and  granite  chips,  making  the  necessary 
small  surface  repairs  to  the  concrete  roads  and  tarring 
the  joints  and  cracks.  The  Commission  finds  that  this  work 
can  be  best  handled  by  the  gang  system,  consisting  of  a 
foreman  and  about  five  men.  who  work  together  continu- 
ously. The  sand,  stone,  chips  and  Tarvia  in  barrels  are 
distributed  from  the  nearest  unloading  point  by  the  Com- 
mission's motor  trucks.  The  tarring  gang  is  equipped  with 
a  portable  tar  kettle,  a  team,  wagon  and  wire  brooms, 
shovels,  tar  pots  and  other  necessary  small  tools.  The 
cracks,  joints  and  depressions  up  to  1  in.  in  depth 
are  very  thoroughly  cleaned  and  filled  flush  with  tar.  heat- 
ed to  1'2.T°  F.  In  case  of  slight  holes,  stone  chips  are  add- 
ed to  fill  the  depression  and  for  joints  and  cracks.  Just 
sand  is  added,  in  both  cases  care  being  exercised  to  use 
just  enough  tar  to  bind  the  stone  chips  and  not  to  bleed 
or  push  under  traffic. 

Where  holes  appear  in  the  concrete  surface  or  comers 
crack  away,  at  expansion  joints,  it  is  the  policy  to  make 
these  repairs  with  new  concrete,  mixed  and  cured  the 
same  as  the  original  pavement.  One  crew,  consisting  of 
a  foreman  and  about  eight  men.  makes  up  a  very  economi- 
cal gang  for  this  work.  They  are  equipped  with  a  small, 
batch  concrete  mixer  and  the  necessary  small  tools.  The 
plan  is  to  dig  out  the  concrete  through  its  entire  thick- 
ness where  holes  or  broken  places  appear,  and  to  replace 
with  new  concrete.  The  materials  for  this  work  are  dis- 
tributed by  the  Commission's  motor  trucks  to  convenient 
points  along  the  shoulder  of  the  road.  This  crew  also 
makes  any   extensions   or   repairs   to   concrete   culverts. 

.■\  weed  cutting  gang  Is  kept  organized  during  the  en- 
tire season,  starting  In  about  the  first  of  June,  cutting 
weeds  outside  of  the  shoulders  which  cannot  be  reached 
by  mowing  machines.  Farmers  living  along  the  line  of 
the  road  are  employed  to  cut  all  weeds  which  can  be 
reached  from  the  line  of  the  road  with  a  mowing  machine. 


Caring  for  Traffic  In  Concrete  Road  Construction. — On 
certain  sections  of  the  Washington-Haltimoro  Boulevard, 
where  there  were  no  parallel  roads  to  care  for  traffic,  the 
20-ft.  concrete  pavement  was  put  down  in  10-ft.  strips,  one- 
half  the  road  being  concreted  at  n  time,  while  the  other 
half  was  left  open  to  traffic.  The  10  ft.  strips  were  bound 
together  by  steel  dowels  IS  In.  long  and  %  In.  in  diam- 
eter. No  Joint  opening  was  left  and  the  seam  where  the 
two  strips  come  together  Is  scarcely  visible. 
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Snow  Removal  from  Trunk  Line 
Highways 

The  methods  employed  during  the  winter  of  1917-18  by 
the  State  Highway  Departments  of  Pennsylvania  and  Con- 
necticut in  the  removal  of  snow  from  trunk  line  highways 
were  described  by  Mr.  George  H.  Biles,  Second  Deputy 
Highway  Commissioner  of  Pennsylvania,  and  Mr.  Charles 
J.  Bennett,  Connecticut  State  Highway  Commissioner,  in 
papers  presented  at  a  conference  held  Nov.  11  by  the  High- 
way Traffic  Association  of  New  York.  Abstracts  of  the 
papers  follow. 

Pennsylvania  Methods  of  Keeping  the  Main  Roads  Open  in 
Winter. 

The  first  steps  taken  to  cope  with  the  situation  were  to 
provide  an  organization  to  prosecute  the  task  efficiently. 
This  was  but  an  enlargement  of  the  regular  force  of  main- 
tenance employes. 

The  division  of  maintenance  of  the  department,  com- 
posed of  the  assistant  engineers,  superintendents,  foremen, 
caretakers,  labor,  etc.,  took  complete  charge  of  the  snow 
removal  work  under  the  direct  supervision  of  the  second 
deputy  commissioner.  From  the  inception  of  this  division 
in  1913,  surveys  and  studies  have  been  made  of  snow  condi- 
tions and  data  compiled  that  have  and  will  continue  to  serve 
in  good  stead,  tor  there  are  many  points  where  it  has  been 
developed  that  the  construction  of  snow  fence  is  the  most 
economic  practice.  Considerable  of  this  snow  fence  has 
been  constructed  up  to  the  present  time  and  is  ready  to  be 
put  in  place.  At  present  prices,  this  costs  approximately 
50  ct.  per  running  toot  in  place  and  the  design  closely  ap- 
proximates the  railroad  standards. 

Due  to  the  war  conditions,  a  new  class  of  traffic  had  to 
be  reckoned  with  in  the  United  States— motor  convoys— 
the  imperative  nature  of  which  justified  some  of  the  un- 
usual measures  taken.  As  an  example,  arrangements  were 
made  with  the  Weather  Bureau  officials  to  wire  forecasts  of 
approaching  storms  to  the  central  office  at  Harrisburg, 
which  information  was  communicated  immediately  to  the 
local  forces.  This  affords  an  opportunity  to  anticipate 
conditions  and  organize  accordingly.  The  War  Depart- 
ment also  wired  proposed  convoy  movements,  whose  sched- 
ule was  followed  closely  from  the  time  they  reached  the 
western  limits  of  the  state  until  they  passed  out  toward 
the  seaboard.  Stations  were  established  along  the  lines 
of  the  highways  at  the  larger  towns  where  motor  truck 
equipment  with  snow  plow  attachments,  road  machines, 
drags,  shovels,  etc.,  were  located.  The  care  takers  or  pa- 
trolmen, who  were  regularly  employed  on  the  road,  were 
used  as  a  nucleus  to  create  the  forces  to  handle  the  work. 
Systems  of  reporting  were  devised  through  telephone,  tele- 
graph and  mail,  depending  upon  the  conditions,  to  convey 
to  the  central  office  the  exact  status  of  the  work  at  all 
times.  This  information  upon  receipt  was  charted  and  made 
available  at  once,  from  which  a  bulletin  was  prepared. 

Snow  removal  work  resolves  itself  into  snow  fighting 
from  the  time  the  first  snow  makes  its  appearance.  Work 
begins  when  heavy  falls  come  by  breaking  through  a  track 
with  road  drags  or  small  "V"  shaped  plows  drawn  by  teams. 
These  are  followed  by  the  road  machines  or  motor  trucks 
with  the  snow  plow  attachments.  Turnouts  are  made  at 
convenient  intervals  and' as  soon  as  possible  thereafter  the 
road  opened  to  the  desired  width  of  from  14  to  18  ft.,  de- 
pending upon  the  traffic.  On  improved  roads  every  effort 
is  made  to  remove  the  snow  within  a  few  inches  of  the 
metal  of  the  road  in  order  that  no  opportunity  is  given 
the  traffic  to  track.  What  snow  remains  that  does  not  melt 
is  removed  entirely. 

These  methods  apply  particularly  to  improved  roads,  for 
if  traffic  is  permitted  to  track  during  periods  of  freezing 
and  thawing  on  such  highways,  the  surface  becomes  affected 
to  various  degrees,  depending  on  the  type  of  the  road.  Penn- 
sylvania has  a  number  of  miles  of  waterbound  macadam 
roads  with  bituminous  surface  treatments  on  the  main 
trunk  lines,  and  in  order  to  preserve  them  during  such 
periods  it  is  essential  to  distribute  the  traffic.  On  the  un- 
improved roads  the  snow  is  not  taken  off  entirely  down 
to  the  surface,  but  several  inches  is  left  remaining  for  the 
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travel  to  pack,  and  as  it  softens  more  snow  is  dragged  from 
(he  sides,  in  order  to  keep  the  surface  comparatively 
smooth  at  all  times.  Rolling  of  snow  is  done  on  the  lesser 
important  lines,  but  this  has  not  been  very  satisfactory  on 
the  roads  where  there  is  much  motor  traffic,  on  account 
of  the  rough  condition  that  results  when  the  surface  be- 
comes cut  up.  The  snow  being  rolled  and  wet  from  time 
to  time  with  sleet  and  rainstorms,  becomes  almost  as  hard 
as  ice.  However,  there  are  a  number  of  roads  where  the 
travel  is  light  and  used  mostly  by  horse-drawn  vehicles, 
where  this  method  will  suffice. 

In  the  work  just  described,  especial  attention  was  given 
to  the  drainage- and  cuts  were  made  through  the  banks  of 
snow  to  the  ditch  lines  at  certain  intervals  where  possible 
and  drains  and  culverts  kept  open  and  free  from  obstruc- 
tion. This  precautionary  measure  produced  very  good  re- 
sults, for  when'  the  snow  passed  away  in  the  spring  the 
roads  bad  come  through  the  winter  in  better  shape  than 
they  had  any  previous  time,  in  spite  of  the  fact  that  they 
have  been  subjected  to  greater  traffic  and  increased  weight 
of  loads. 

The  heavy  drifted  condition  required  especial  treatment^. 
Drifts  were  so  deep  and  banks  so  high  on  either  side  of 
the  road  in  some  places  that  snow  had  to  be  shoveled  and 
hauled  out.  Snows  up  to  12  in.  in  depth  can  be  handled 
advantageously  with  road  machines  and  from  12  to  36  in., 
if  not  too  heavy,  it  can  be  moved  with  motor  trucks  with 
plow  attachments,  with  excellent  results.  The  truck  is  run 
along  the  one  side  of  the  highway  and  back  on  the  opposite 
side  at  the  rate  of  about  4  miles  per  hour  and  carries  a 
small  crew  of  men  with  shovels  that  are  used  when  the 
snow  piles  up  in  front  of  the  blade,  which  it  will  do,  es- 
pecially when  the  snow  is  wet.  When  there  is  a  greater 
depth  than  3  ft.,  a  large  "A"  shaped  plow  is  used.  This 
implement  is  30  in.  high  at  the  nose  and  6  ft.  at  the  back 
with  20-ft.  legs  and  16  ft.  wide  at  the  back,  held  together 
with  movable  braces.  It  is  drawn  by  a  heavy  tractor,  and 
has  proven  a  very  economical  and  effective  device.  The 
movable  braces  are  provided  for  the  purpose  of  permitting 
vehicles  to  pass  during  the  operation.  The  light  tractors 
for  this  work  do  not  hold  the  road  and  have  been  found 
unsatisfactory.  Mechanical  devices  are  preferable  in  the 
majority  of  cases,  but  if  the  drifting  is  a  continuous  per- 
formance in  cuts,  it  resolves  itself  into  a  shoveling  propo- 
sition. The  records  for  the  winter  of  1917-18,  which  cov- 
ered the  period  from  December  to  March,  show  22  snow- 
storms varying  in  depth  up  to  16  in.,  with  drifts  ranging 
from  3  ft.  to  16  ft.  in  depth,  the  general  average  being  4 
to  6  ft.  To  keep  the  roads  open  under  conditions  similar 
to  last  winter,  it  costs  from  ?50  to  $200  per  mile,  depend- 
ing upon  the  location  and  other  conditions. 

Connecticut  Practice  in  Snow  Removal. 

A  study  of  the  subject  reveals  several  fundamental  prin- 
ciples which  should  be  recognized: 

(1)  That  different  sections  of  the  country  require  differ- 
ent methods  and  degrees  of  snow  removal. 

(2)  That  the  methods  devised  should  take  into  considera- 
tion the  character  of  traffic  and  the  number  of  vehicles  of 
different  classes  to  he  accommodated. 

(3)  The  methods  to  he  devised  will  depend  entirely  on 
the  degree  of  removal  required.  For  example,  in  the  north- 
ern states  where  snowfalls  occur,  it  is  not  necessary  to 
consider  at  the  present  time  any  system  of  snow  removal 
which  will  allow  the  passage  of  trucks,  because  there  are 
few  trucks  wOiich  need  to  be  operated  in  these  sections. 
The  amount  of  snow  to  be  removed  is  so  great  as  to  make 
the  cost  of  the  work  prohibitive. 

On  the  other  hand,  in  the  Atlantic  tier  of  states  where  at 
times  the  snowfall  is  heavy,  it  becomes  necessary  to  remove 
the  snow  so  as  to  allow  the  passage  of  motor  trucks,  be- 
cause these  trucks  are  numerous  and  important  to  com- 
mercial activities.  The  universal  use  of  other  motor  ve- 
hicles for  business  or  pleasure  purposes  demands  the  re- 
moval of  snow  so  that  the  people  may  go  about  their  ordi- 
nary pursuits  by  motor,  even  in  the  winter  time. 

The  method  of  breaking  our  highways  or  for  the  removal 
of  snow  will  depend,  as  noted  above,  on  the  character  of 
traffic  to  be  accommodated.     Again,  certain  fundamentals 
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should  l>«  taken  Into  conalderatlon  in  devUlng  a  system 
of  snow  renioval. 

The  problem  of  the  trunk  highway  differs  from  the  prob- 
lem of  the  city  street,  since  the  area  to  be  organized  is  so 
large  Ihut  no  one  person  can  comprehend  the  amount  and 
character  of  the  work  to  be  done  or  personally  supervise 
the  remorai  of  any  given  snowfall.  Kvidently  snow  can 
be  more  easily  disposed  on  country  roads  than  In  the  city 
streets.  Owing  also  to  the  necessity  for  promptness  of  ac- 
tion, a  system  must  be  devised  which  will  go  into  effect  Im- 
mediately upon  the  appearance  of  snow  and  result  in  the 
prompt  removal  of  the  necessary  amount  of  snow,  such  re- 
moval to  be  completed  within  n  reasonably  short  time  after 
the  storm  and  to  such  degree  as  will  permit  of  the  passage 
■  if  the  preponderant  class  of  trafflc.  The  necessary  equip- 
ment for  the  purpose  must  be  provided  and  located  at  con- 
venient points  so  that  it  can  go  into  prompt  action,  in  many 
( ases   without   notice   from   headquarters. 

Unnc>ce9sary  work  may  often  be  done,  but  it  must  be 
recognized  that  this  work  is  emergency  work  and  the  bene- 
fits in  many  cases  are  negative. 

During  certain  storms  the  telephone  system  is  either 
seriously  hampered  or  entirely  put  out  of  commission.  Con- 
sequently a  system  of  snow  removal  to  be  effective  should 
be  independent  of  the  telephone,  and  the  men  having  the 
operation  in  charge  should  be  drilled  in  their  duties  suffi- 
ciently In  ailvance  so  that  they  will  know  what  is  to  be 
(lone  and  proceed  with  the  work  without  delay  on  the  ar- 
rival of  :i  snowfall  which  is  in  excess  of  S  in. 

The  hours  of  labor  should  not  be  restricted,  and  the  time 
of  starting  should  be  early  enough  so  that  the  forces  can 
get  the  best  of  the  storm  and  always  keep  slightly  ahead 
of  It. 

The  organization  for  this  work  should  be  elastic;  the 
foremen  or  supervisors  having  the  work  in  charge  should 
have  a  free  hand  to  employ  the  necessary  men  and  teams  to 
take  care  of  an  abnormal  snowfall.  .\  definite  district 
should  be  allotted  to  each  foreman,  or  sub-foreman,  so  that 
too  much  work  will  not  rest  upon  one  man.  It  is  remark- 
able to  note  what  an  immense  amount  of  work  can  be  done 
with  snOw  for  a  small  amount  of  money,  providing  the 
work  is  undertaken  promptly  and  under  a  systematic  plan. 
.■\rrangenients  should  be  made  so  that  the  employes  de- 
tailed for  this  work  will  report  at  headquarters  as  soon  as 
a  snow  storm  commences  and  remain  on  duty  until  the 
work  is  done  or  is  shown  to  be  unnecessary. 

One  of  the  dilhculties  in  removing  snow  is  that  the  special 
equipment  is  in  many  instances  not  suitable  for  other  pur- 
poses, so  that  an  endeavor  should  be  made  to  adapt  the  ordi- 
nary road-making  or  maintaining  machinery  to  the  purpose 
of  snow  removal.  This  has  been  done  successfully  in  many 
instances,  particularly  in  the  devising  of  scrapers  or  plows 
to  be  fixed  to  the  front  motor  trucks  for  the  purpose  of 
removing  snow  from  highway  surfaces.  These  trucks  are 
successfully  operated  in  cases  where  the  wheels  can  secure 
n  firm  grip  on  the  road  surface,  but  are  not  satisfactory  in 
operation  where  the  snow  is  allowed  to  drift  or  to  accumu- 
late to  a  depth  in  excess  of  6  in.,  which  is  again  an  argu- 
ment for  promptness  of  action.  Work  should  start  on  a 
continuing  storm  when   the  snow  is  3   in.  in  depth. 

Road  nuuhines  may  be  used  either  drawn  by  horses  or 
attached  to  the  rear  of  a  truck  and  hauled  through  the  snow. 
The  difficulty  with  road  machines  is  the  same  as  in  the 
case  of  motor  trucks — the  wheels  must  have  a  hearing  on 
the  road  surface  in  order  to  allow  the  work  to  be  done 
successfully.  As  a  matter  of  fact,  much  of  the  snow  re- 
moval work  must  be  done  and  Is  done  using  draft  animals 
and  makeshift  apparatus.  This  applies  especially  to  those 
highways  where  drifted  snow  is  to  be  removed  in  order 
that  wheel  traflic  may  be  accommodated,  the  first  opera- 
tion consisting  of  running  a  team  or  several  teams  attached 
to  a  hob  sleigh  over  the  road.  Attached  to  the  bob  sleigh 
should  he  some  form  of  plow  which  will  break  out  the  anow 
on  the  surface  of  the  road,  and  allow  a  more  efilclent  type 
of  machine  to  he  handled  by  motor  truck  or  tractor. 

In  cases  of  highways  where  It  is  necessary  to  provide 
for  the  passage  of  horse-drawn  vehicles  on  runners,  the 
use  of  snow  rollers  Is  advisable.  These  snow  rollers  con- 
sist of  heavy  wooden  rollers  drawn  by  horses  or  oyen      The 


rollers  compact  the  snow  ho  that  the  travel  can  pa«8  over 
the  top.  There  Is  no  practical  use  for  this  method  where 
trucks  are  to  be  used. 

The  main  problem  before  the  maintenance  englDeers  of 
today  is.  however,  the  removal  of  snow  on  highways  to  ac- 
commodate truck  traffic,  and  the  points  mentioned  above 
should  be  re-emphasized;  namely,  promptness  of  action  to 
a  specified  plan  which  should  go  into  effect  without  notice 
if  the  telephone  fails;  lack  of  attention  on  the  part  of  the 
help  to  hours  of  labor  or  the  time  of  day  when  the  work 
Is  to  be  done;  and  continued  service  until  the  trouble  has 
passed. 

In  Connecticut  with  an  unusual  winter  the  total  cost  of 
snow  removal  for  1917-18  was  approximately  $50,000  for 
1,000  miles  of  highway  cleareji  with  vao'lng  degrees  of  ex- 
cellence and  of  vary'ing  depths  of  snow.  In  general,  for 
work  of  this  character  In  this  section  of  the  country,  an 
estimate  of  $4.5  per  mile  per  year  should  be  made  where 
two  lines  of  truck  traffic  are  to  be  accommodated  and  the 
snow  removed  promptly. 


Causes  of  Failure  Concrete  Test  Cubes 

Coriiiiression  tests  oi  GOK  concrete  cubes  2b  days  old. 
cast  in  the  field,  were  made  in  1917  by  the  Bureau  of  Tests 
of  the  New  York  State  Highway  Commission.  The  results 
of  these  tests  are  given  as  follows  in  the  1917  report  of 
H.  E.  Breed.  First  Deputy  Commissioner: 

Compreiislon        Numl>er 
Kind   of  coars«  lbs.  per  of 

,  , ,,    ,  Mix.  aggregate.  sq.  in.  cubes 

i-l'/S-3    Stone    3,860  307 

|-lH-3    Gravel    2,890  15« 

1-2J4-5    Stone    1.710  *B 

1-2VS-5    Gravel    1,660  3» 

J-2H-5    Slag   1.700  H 

1-2     -4    Stone  an-1  gravel 2,260  14 

l-S     -6    Stone  an*!  gravel 1.360  35 

3,000  lb.  per  square  inch  is  what  is  required  for  the 
1-1 '.4-3  concrete,  and  1.800  lb.  per  square  inch  for  1-2^-5 
concrete.  Of  the  total  number  of  cubes  tested  19.6  per 
cent  failed  to  meet  these  requirements.  It  is  necessary 
to  make  an  allowance  for  all  cubes  cast  and  cured  during 
cold  weather.  The  reason  for  the  failures  has  been  at- 
tributed to  the  following: 

/^     .    .     .  ,  ,  Per  cent. 

Coated  stone  and  tjravel    44 

Sand  too  line  or  containing  too  much  silt    . . ! ! ! 24 

Poor  manipulation  in  making  cubes  "    '  10 

Poor  iiuality  of  coarse  aggregate  or  excess  of  small  sizes 9 

r.arge   excess  of   mortar   c 

Too  wet  mix   \'_ 4 

Concrete  not  well  nil.xed    .!.!!!!!!!..!!     3 

The  Mi^-S  concrete  cubes  having  stone  for  the  coarse 
aggregate  have  the'  highest  average  compression  strength 
of  any  year  since  the  Commission  has  been  testing  such 
specimens,  and  while  there  were  fewer  exceptionally  high 
breaks  than  in  other  years,  the  breaks  in  general  were  far 
more  uniform.  This  indicates  greater  care  in  the  selection 
of  materials  proper  and  in  proportioning  aggregates, 
and  more  thorough  mixing,  and  is  very  creditable  to  the 
engineers  handling  this  class  of  work. 

The  average  compression  strength  of  the  1-1^-3  gravel 
concrete  was  below  that  of  other  years.  It  will  be  noted 
from  the  table  that  44  per  cent  of  the  failures  is  due  to 
coated  coarse  aggregate,  while  9  per  cent  Is  due  to  poor 
quality  and  excessive  fine  material. 


Increasing  Radius  of  Turns  at  Street 
Intersections 

The  Street  Department  of  Asbury  Park,  N.  J.,  two  years 
ago  began  increasing  tli^  radius  of  turns  at  street  Inter- 
sections in  the  business  district.  .-Vt  the  present  time 
<;0  corners  have  been  rounded  and  it  is  planned  to  con- 
tinue the  work  into  the  residential  section  with  a  view 
to  having  every  comer  Improved  before  the  new  street 
[laving  program  Is  taken  up.  In  rounding  the  comers  a 
radius  of  10  to  IS  ft.  has  been  used;  In  one  Instance  a 
:'G  ft.  radius  was  employed.  The  improvement  also  has  been 
marked  by  a  change  in  drainage.  Outlets  to  the  storm 
water  drains  at  these  comers  are  placed  several  feet  from 
the  intersection  on  the  inside  sidewalk  line. 
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Highway  Improvementj.and  Land 
Reclamation  as  Means  for  Pro- 
viding for  Returned  Soldiers* 

Good  Roads  Saved  Paris. — And  why  has  it  been  possible 
for  France  to  carry  on  for  four  years  a  successful  war 
against  the  greatest  military  power  that  the  world  has  ever 
seen?  Because  France  had  the  benefit  of  the  engineering 
skill  and  of  the  foresight  of  two  men  who  are  1,800  years 
apart — Napoleon  and  Caesar.  Those  men  built  the  roads 
of  France.  Without  those  roads,  conceived  and  built  orig- 
inally by  Caesar  for  the  conquest  of  the  Gauls  and  for  the 
conquest  of  the  Teutons,  without  the  roads  built  by  Na- 
poleon to  stand  off  the  enemies  of  France  and  to  make  ag- 
gressions to  the  eastward,  Paris  would  have  fallen  at  least 
two  years  ago.  So  that  you  gentlemen  who  are  engaged  in 
the  business  of  developing  the  highways  of  the  country 
and  putting  them  to  greater  use  may  properly  conceive  of 
yourselves  as  engaged  in  a  very  farsighted,  important  bit 
of  statesmanship,  work  that  does  not  have  its  only  con 
cern  as  to  the  farmer  of  this  country  or  the  helping  of 
freight  movement  during  this  winter  alone,  but  may  have 
consequences  that  will  extend  throughout  the  centuries. 

The  Larger  Conception  Regarding  Transportation. — Now 
I  saw  my  first  nalionaL  service  in  connection  with  the  In- 
terstate Commerce  Commission  and  I  was  much  impressed 
by  the  theory  that  the  railroad  men  had,  which  was  a  very 
natural  theory,  arising  out  of  their  own  experience  and  out 
of  the  tact  that  there  was  a  new  force  in  the  world  with 
which  they  were  playing.  Their  conception  was  that  the 
highway  was  a  mere  means  of  getting  from  the  farm  to 
the  railroad,  that  the  waterway  was  a  mere  means  of  car- 
rying off  the  surplus  waters  from  the  hills  to  the  oceans. 
The  statement  has  often  been  made  to  me  that  there  would 
never  be  an  occasion  when  it  would  be  necessary  or  possi- 
ble to  put  into  competition  with  the  railroads  the  water- 
ways of  this  country;  that  it  would  cost  more  to  use  those 
waterways  or  to  use  highways  than  it  would  to  do  the  same 
transportation  work  by  railroad.  And  they  had  obtained 
figures  to  show  that  under  conditions  of  unlimited  compe- 
tition the  Illinois  Central,  tor  instance,  paralleling  the 
Mississippi  River,  could  do  business  at  a  cheaper  rate  than 
it  could  be  transported  by  water,  considering  the  cost  of 
bringing  it  to  the  water  station  and  unloading  it  at  the 
oher  end.  A  larger  conception  has  come  into  the  Amer- 
ican mind:  the  conception  of  the  utilization  of  all  our  re- 
sources. While  the  railroad  has  a  great  burden  cast  upon 
it;  while  it  is  the  strong  right  arm  in  this  work,  still  we 
must  remember  that  the  strong  right  arm  must  have  fing- 
ers, and  that  there  should  be  in  a  complete  physical  system 
a  good  left  arm. 

Reclaim  the  Arid  Lands  and  Drain  the  Wet  Lands. — To- 
day the  tendency  is  away  from  the  farm  toward  the  city, 
toward  industrial  life,  toward  aggregations  of  people,  away 
from  the  small  town  to  the  larger  town,  and  from  the 
larger  towns  to  the  metropolis.  People  are  being  drawn 
from  the  farms,  so  that  one-half  of  the  arable  land  this  side 
of  the  Mississippi  is  unused  today;  so  that  between  here 
and  New  Orleans  there  are  40,000,000  acres  of  land  pri- 
vately owned  and  unused;  so  that  in  the  great  Northwest. 
Minnesota,  Oregon,  Washington,  etc.,  there  are  100,000.000 
acres  of  cut-over  lands  that  are  practically  unused;  and 
we  have  a  new  nation  practically  in  the  undrained  lands  of 
our  rivers  and  our  bays  and  inlets,  lands  that  are  as  rich 
as  any  that  lie  out  of  doors,  as  rich  as  the  valley  of  the  Nile 
or  of  the  Euphrates.  In  the  far  western  country  there  is  at 
least  15,000,000  acres  of  land  that  we  can  put  under  water, 
under  water  that  land  produces  more  than  one  crop  a  year, 
and  that  an  exceptionally  rich  crop. 

We  have  been  extending  ourselves  because  of  war  in  a 
great  many  different  directions.  The  government  has  taken 
to  itself  unprecedented  and  unthought  of  powers  because 
of  the  necessities  of  our  condition.  I  say  that  to  meet  the 
problem  of  the  returned  soldier  we  ought  to  take  advan- 

*From  an  address  bv  Franklin  K.  Lane.  Secretary  of  the  In- 
terior presented  Sept.  17  at  the  Conference  of  Regional  Chairmen 
of  the  Highways  Transport  Committee,  Council  of  National 
Defense. 


tage  of  this  opportunity  to  do  the  work  now  that  must  even- 
tually be  done  and  reclaim  these  arid  lands  of  the  West. 
Turn  the  waters  of  the  Colorado  over  the  desert  of 
Arizona,  store  those  waters  in  the  Grand  River  and  in  the 
Green  River  and  let  them  flow  down  at  the  right  times  on 
that  desert  so  as  to  raise  cotton  and  cantaloupes  and  al- 
falfa. Then  come  east  and  take  the  stumps  from  these 
cut-over  lands.  Do  it  not  as  a  private  enterprise,  because 
that  is  a  slow,  slow-  process.  Men  are  discouraged  and  dis- 
heartened when  they  look  at  the  problem  of  pulling  an 
Oregon  fir  stump  out  of  the  ground.  It  really  requires 
large  capital.  Then  come  further  east  and  take  these 
lands  that  are  swamp,  that  need  draining,  and  build  ditches 
and  dikes  and  put  these  lands  into  the  service  of  America. 
This  is  what  I  call  the  making  of  the  nation. 

That  land  should  tie  up  with  all  other  land.  Means  of 
communication  should  be  a  part  of  that  general  scheme. 
We  should  have  as  good  roads  between  the  little 
farms  in  Mississippi  or  in  South  Carolina  or  in  Northern 
Minnesota  as  we  have  in  Maryland  or  in  California.  There 
is  a  work — the  work  that  I  have  in  mind,  and  for  which 
Congress  has  made  a  small  and  tentative  appropriation — 
the  work  of  surveying  this  country  and  seeing  how  many 
of  this  nation's  land  resources  have  not  been  mobilized 
and  how  best  they  can  be  used  for  providing  homes  for 
these  men  who  come  back,  as  well  as  adding  to  the  wealth 
of  the  world.  There  is  a  work  that  ties  up  directly  with 
your  work,  because  I  want  to  have  small  communities  in 
which  men  have  small  acreages  of  land,  not  to  speculate 
with  but  to  cultivate;  and  these  acreages  are  to  center  in 
small  communities  where  men  can  talk  together  and  profit 
by  their  own  mistakes  and  their  own  successes  and  where 
those  small  communities  will  be  tied  up  with  all  neighbor- 
ing communities  so  that  there  will  be  easy  access  be- 
tween all  parts  of  the  country.  Good  roads  and  a  rural 
express  must  be  had.  If  you  can  help  the  government  in 
building  good  roads  for  little  money  or  show  how  a  rural 
express  can  be  most  profitably  developed,  you  will  be  help- 
ing in  the  making  of  a  new  America. 

And  I  can  conceive  of  a  United  States  that  will  be  as 
rich  per  acre  as  France;  in  which  the  people  will  be  divided 
into  small  communities,  industrial  communities  as  well  as 
agricultural;  for  every  one  of  these  little  places  ought  to 
have  its  own  creamery,  its  own  cannery.  The  farmer  is 
the  poorest  man  in  the  world  to  develop  any  kind  of  co- 
operative scheme.  He  needs  assistance  and  is  always 
hampered  by  the  lack  of  capital.  But  now  is  our  chance 
to  see  what  can  be  done;  to  show  it  in  the  building  of 
ideal  communities,  communities  that  have  good  houses, 
that  have  good  sanitation,  that  are  on  good  land  where 
there  is  somebody  who  can  direct  them  as  to  what  should 
be  planted  and  what  should  be  avoided,  communities  which 
may  be  connected  up  with  the  world  by  highways,  by 
developing  rivers  and  by  railroads. 

We  men  w^ho  are  in  politics  today  have  seen  our  day. 
They  are  going  to  take  charge  of  the  politics  of  the  United 
States.  They  are  going  to  take  charge  of  the  social 
problems.  They  are  going  to  insist  upon  industrial  as 
well  as  social  equality.  We  know  that  this  does  not  neces- 
sarily mean  that  the  nation  must  be  run  by  them  because 
they  were  soldiers,  not  unless  they  have  the  quality  that 
gives  them  foresight  and  good  sense.  But  now  we  should 
prepare  for  them.  We  must  realize  that  these  men  are 
all  comrades,  that  they  are  going  to  work  together,  and 
we  ought  to  spread  this  feeling  throughout  the  entire  coun- 
try. The  fighting  men  themselves  ought  to  get  the  feel- 
ing that  we  have  who  have  been  left  behind  are  also  in 
the  service  of  the  country  trying  to  do  something  large 
for  the  making  of  this  nation  along  real  lines. 

You  know  that  there  is  a  big  man  and  a  little  man  in 
each  of  us;  and  the  little  man  had  his  day.  He  was  the 
selfish,  egotistic,  narrow,  money-making  fellow.  .Just  as 
soon  as  this  country  went  into  the  war  the  big  man  came 
out.  The  big  man  inside  of  us  was  challenged  and  he 
arose  at  once  and  responded.  And  so  we  found  railroad 
presidents  and  bankers,  the  automobile  men  and  the  busi- 
ness men  of  the  country  coming  down  to  Washington  and 
saying,  we  want  our  opportunity  to  help.  It  was  not 
selfish;    it  was  noble.     And   that  spirit  if  carried  out  will 
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make  this  country  a  new  land  In  which  these  boys  who 
come  back  will  And  they  have  been  cared  for;  that  help- 
fulness has  come  to  take  the  place  of  Indifference  and 
co-operation    to   supplement   Individual    Initiative. 


lowed  to  remain  on  the  street.     A  grade  of  sand   Is  used 
that  does  not  raise  a  dust. 


Sand  Spreading  Device  of  San  Fran- 
cisco Street  Cleaning  D^- 
partnient 

By  I'.  \V.  c;KI(il-:U. 
As  a  means  of  alleviating  the  slippery  condition  of  streets 
in  wet  and  foggr>  weather  the  street  cleaning  department 
of  San  Francisco  spreads  a  coarse  dry  sand  on  smooth 
surface  and  oily  pavements.  The  sand  Is  spread  by  specially 
constructed  devices  fastened  to  the  front  end  of  Elgin  motor 
Ftreet  sweepers  operated  by  the  street  cleaning  depart- 
ment. The  sand  is  carried  in  the  carrying  capacity  box 
of  the  sweeper,  and  the  spreaders  are  so  arranged  that  the 


Sand    Soreader   Attached   to    Elgin    Street    Sweeper.     The    Sand    Is 
Thrown    Ahead    of    the    Machine. 

sand  runs  from  the  bottom  of  the  carrying  capacity  box  onto 
revolving  discs,  the  centrifugal  motion  spreading  the  sand 
very  evenly  over  the  pavement. 

The  spreaders  are  operated  by  the  street  sweeper  motor, 
being  geared  to  it  by  chain.  By  means  of  two  speeds,  the 
spreaders  can  spread  a  wide  or  narrow  space.  When  the 
spreading  of  sand  is  completed,  and  the  machjne  is  to  be 
used  as  a  street  sweeper,  the  lower  door  carrying  the  two 
spreaders  Is  removed,  and  the  regular  door  placed  on.  and 
with  a  few  other  small  changes  the  machine  is  ready  to 
be  operated  for  street  cleaning. 

This  machine  is  always  run  over  the  route  before  parades 
start,  spreading  a  layer  of  sand  on  the  streets,  making  it 
easier  for  marchers.  On  foggy  and  wet  mornings,  the  ma- 
chine is  run  for  a  couple  hours  over  the  down-town  streets, 
covering  about  35  blocks  In  that  time.  It  usually  requires 
about  3  cu.  yd.  of  sand  to  cover  3o  blocks.  It  is  then  run 
to  the  yards,  convened  Into  a  street  sweeper,  and  is  op- 
erated as  a  sweeper  the  rest  of  the  day,  as  it  takes  only  a 
short  time  tc  make  the  change.  In  making  the  change  the 
chain  connecting  the  spreader  to  the  motor  is  removed,  but 
that  part  of  the  sand  spreader  attached  to  the  upper  part 
of  the  carrying  capacity  box  is  left  in  place,  as  it  does  not 
interfere  with  the  operation  of  the  sweeper.  This  innova- 
tion was  originated  by  the  superintendent  of  the  street 
cleaning  department  In  San  Francisco,  when  the  slippery 
condition  of  the  pavements  became  a  serious  problem.  This 
condition  is  Increased  In  San  Francisco  because  of  the  fact 
that  there  is  very  little  rain  In  the  summer  time,  and  the 
oil  dropped  onto  the  pavements  by  automobiles  Is  spread 
and  distributed  by  passing  vehicles  until  the  surface  of  the 
street  becomes  smooth  and  glazed.  The  action  of  the  rub- 
ber on  the  asphalt  during  the  summer  months  further  tends 
to  bring  to  ibo  surface  any  excess  oils  not  absorbed  in  the 
mixing  at  the  plant.  It  Is  this  oil  that  Is  absorbed  by  the 
dry  sand  when  spread  over  the  streets,  which  remedies  the 
slippery   condition.     The  sand   Is  not   swept   up,   but   Is  al- 
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Relation  of   Highways   to   Motor 
Transport  Efficiency* 

The  elllcii'iu  (li-vi-lopni.-ni  of  liinhway  transportation 
llirough  the  means  of  the  motor  truck  parcel  post  service, 
return  load  bureaus.  Intercity  freight  delivery,  rural  express 
and  other  methods  of  motor  transportation,  necessitates  the 
utilization  of  highways  during  300  days  of  the  year  and  the 
construction  and  maintenance  of  good  roads  everywhere. 
The  practical  development  of  this  program  calls  for  the 
expenditure  of  vast  sums  of  money,  at  least  one  billion  dol- 
lars annually. 

Tlie  cost  of  highways  of  the  future  is  problematical.  An 
indefinite  period  will  elapse  before  the  wages  of  labor  and 
the  cost  of  materials  will  be  adjusted  to  normal  conditions. 
These  economic  questions  constitute  a  pro  dem  which  must 
be  given  exhaustive  consideration.  One  phase,  upon  which 
it  is  advisable  for  all  to  deliberate,  is  the  sources  of  the 
unskilled  labor  so  largely  used  in  highway  improvement. 
The  world  war  has  materially  reduced  the  available  supply 
in  this  country  and  the  reconstruction  of  Europe  will  pre- 
vent the  usual  additions  through  the  avenue  of  immigra- 
tion. The  belief  is  rapidly  growing  that  the  solution  is  the 
importation  of  Asiatic  labor. 

Today  there  are  in  the  United  States  2,500,000  miles  of 
rural  roads.  12  per  cent  of  which  are  classed  as  improved. 
A  conservative  .estimate  would  indicate  that  not  more  than 
nne-fourth  of  1  per  cent  of  the  total  mileage  is  suitable  lor 
motor  trunk  highway  traffic.  During  1917  there  was  ap- 
propriated for  the  improvement  of  rural  roads  $300,000,000. 
This  work  is  under  the  jurisdiction  of  the  Federal  Govern- 
ment, the  State  Highway  Departments,  over  3,000  counties 
in  the  various  states,  and  the  innumerable  townships.  The 
scope  of  this  brief  resume  will  not  allow  a  discussion  of 
the  methods  of  financing  highway  improvement,  but  it  is 
advisable  to  strongly  emphasize  the  indisputable  fact  that 
it  is  reckless  financing  to  construct  roadway  surfaces,  which 
will  have  a  life  of  10  years,  with  oO-year  bonds. 

Today  there  is  no  national  system  of  highways  in  the 
Vnited  States  comparable  to  the  world  renowned  national 
system  of  France.  Indications  point,  however,  to  a  rapidly 
developing  sentiment  and  demand  for  the  creation  of  a  sys- 
tem of  interstate  highways  aggregating  between  50.000  and 
150.000  miles  which  shall  be  constructed  and  maintained 
under  the  supervision  and  at  the  expense  of  the  Federal 
Government.  Such  systems  of  highway  as  we  now  have 
are  practically  developed  through  the  individual  or  co-opera- 
tive action  of  our  state,  county  and  township  governments. 
Federal  aid  constituting  a  very  small  percentage  of  the 
total  amount  expended.  The  development  of  systems  in 
many  parts  of  the  United  States  is  in  a  chaotic  condition 
due  primarily  to  lack  or  foresight  and  wise  administration, 
local  jealousies  and   ineffective  laws. 

Efficient  and  economical  highway  improvement  has  been 
seriously  jeopardized  in  the  United  States  through  political 
interference  and  the  placing  of  highway  work  in  the  hands 
of  laymen  who  have  had  no  experience  in  this  important 
technical  profession.  Unfortunately  the  public  neither  ap- 
preciates the  character  of  the  duties  of  highway  officials 
nor  does  it  lake  proper  interest  In  the  expenditure  of  Its 
funds.  The  peoi)le  must  be  educated  with  respect  to  the 
complex  work  for  which  highway  olficiais  are  held  respon- 
sible and  the  waste  of  public  funds  directly  attributable  to 
having  highway  work  in  the  hands  of  laymen.  It  should 
be  emphasized  that  the  primary  objects  of  the  educational 
campaign  advocated  are:  First,  the  economical  and  efUcient 
expenditure  of  the  millions  of  dollars  annually  appropriated 
for  highway  work;  and  second,  the  appointment  of  mem- 
bers of  the  highway  engineering  profession  to  the  innumer- 
able positions  of  responsibility  In  public  life  .which  demand 

•'.Vddrpss  liy  .\rlliur  H.  Blnnrhnnl.  I'roslilt'nl  of  (ho  American 
Roiul  nulldcrs'  .\sPorl«llon  nnd  the  National  MiKhway  Trnfflc 
ANSorlntlon.  ilcllv.Tod  on  Novemtior  22.  lOlS.  tieforo  the  con- 
fcr.'Hce  on  "Modern  Methods  of  Motor  Transportation."  held 
tinder  the  auspices  of  the  t?olt-Stratton  Company,  1847  Broad- 
way. New  York  City. 
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the  combination  of  administrative  ability,  honest  character,  motor  bus  routes  are  given  consideration,  it  is  obvious  that 

and  the  technical  knowledge,  training,  and  experience  pos-  our  important  inter-  and  intra-state  trunk  highways  should 

sessed  by  qualified  engineers.  have  roadway  width  of  not  less  than  20  ft. 

As  in  the  case  of  many  public  activities,  it  is  practicable  During  the  next  few  years  such  other  factors  as  strength- 

in   connection    with   this   problem   to   derive    valuable    sug-  ening  of  highway  bridges,  grades,  location  and  alignment  of 

gestions  from   practice  in   foreign  countries.     A   review   of  highways,  adequate  guard  rails,  and  uniform  highway  signs 

their  histories  indicates  that  they  have  passed  through  the  must  be  given  careful  consideration. 

same  transition  period  which  we  are  entering.  In  France,  The  people  of  the  United  States  are  beginning  to  appre- 
many  years  ago,  the  people  and  the  servants  of  the  people  ciate  the  fact  that  in  order  that  value  is  received  for  the 
realized  the  advantages  accruing  from  the  establishment  money  expended  in  the  construction  of  highways  it  is 
of  a  permanent  organization  of  efficient,  well-trained  high-  necessary  that  the  highways  should  be  efficiently  main- 
way  engineers,  and  hence  there  was  created  the  renowned  tained.  Some  method  must  be  devised  by  which  the  legis- 
Department  of  Roads  and  Bridges  of  France.  Passing  latures  shall  annually  appropriate  sufficient  funds  to  prop- 
across  the  English  Channel,  we  lind  similar  conditions  in  erly  and  economically  maintain  improved  highways.  Legis- 
Great  Britain.  In  order  to  secure  a  dollar's  worth  for  every  lature  after  legislature  has  followed  the  procedure  of  dis- 
dollar  expended,  the  British  public  realized  that  it  was  counting  the  estimates  submitted  by  highway  departments, 
necessary  to  have  in  control  of  their  public  works  men  Hundreds  upon  hundreds  of  miles  of  highways  are  today 
trained  in  a  profession  directly  dealing  with  every  economic  improperly  maintained  due  to  a  lack  of  funds.  It  should 
and  engineering  phase  of  public  improvements.  It  has  be  borne  in  mind  that  if  maintenance  is  curtailed  in  one 
therefore  inaugurated  the  practice  of  requiring  that  appli-  year  in  a  given  state  to  the  extent  of  $dOO,000,  and  miles 
cants  for  a  given  municipal  or  county  position  shall  have  of  highways  are  thereby  left  unrepaired,  the  appropriation 
attained  the  grade  of  membership  in  the  Institution  of  Civil  required  in  (he  following  year  to  repair  the  damage  to  the 
Engineers  of  Great  Britain  commensurate  with  the  re-  highways  not  maintained  may  amount  to  $1,000,000. 
sponsibility  of  the  work  of  the  particular  office.  Many  lead-  It  is  of  vital  import  that  uniform  highway  traffic  laws 
ing  municipal  and  county  positions  require  that  the  appli-  should  be  placed  on  our  statutes.  Such  laws  must  cover 
cant  shall,  first  of  all.  hold  the  highest  grade  of  member-  the  physical  factors  and  the  operation  of  all  types  of  ve- 
ship  in  the  Institution,  while  positions  in  small  counties.  hicular  traffic.  Laws  will  be  based  on  available  data  and 
towns  and  districts  require  in  many  cases  associate  member-  opinions.  There  are.  at  present,  innumerable  investigations 
ship.  It  would  seem  desirable  in  this  country  that  a  step  which  should  be  made  to  ascertain  facts  pertaining  to  the 
along  the  line  of  English  practice  might  be  taken  and,  in  interrelationship  of  motor  truck  traffic  and  the  durability 
the  case  of  positions  of  highway  officials,  that  there  be  in-  and  serviceability  of  highways.  If  highway  departments 
corporated  in  the  constitution  of  a  state  or  the  ordinances  do  not  conduct  such  investigations,  they  should  be  under- 
of  a  city  the  stipulation  that  the  applicant  shall  hold  a  cer-  taken  at  once  by  motor  truck  interests.  If  the  essential 
tain  grade  of  membership  in  the  American  Society  of  Civil  data  is  not  available.,  naturally  traffic  laws  will  be  based 
Engineers  and  have  had  a  certain  number  of  years  of  ex-  upon  conservative  conclusions  reached  by  highway  officials 
perience  in  highway  work.  and  members  of  our  legislative  bodies. 

The    problems    confronting   the   highway   engineer   of   to-  

day  are  entirely  different  from  those  which  existed  1.5  years  Cnet   nf   WciiiI'Mrt    m  '•♦•l-i    T* 

ago.     At   that   time,   the   motor   vehicle    was   not   a   factor.  L^OSt   OI    xlaullng   Wltll     1  eamS 

Today  between   5.000,000   and   6,000,000   motor  vehicles   use  The   accompanying    table    prepared    by    Mr.    E.    B.    Hiatt, 

our  highways,  10  per  cent  of  which  are  motor  trucks.     In-  engineer  of  Madison  County,  Iowa,  has  been  of  service  in 

stead  of  constituting  practically  100  per  cent  of  the  traffic  estimating  the  cost  of  team  hauling  on  work  for  that  coun- 

as  in  1903,  horse-drawn  vehicles  at  present  amount  to  5  to  ty.     The  figures  are  based  on  a  rate  of  travel  of  2  miles 

20  per  ce7it  on  highways  outside  of  urban  districts.  Per  hour  with  loads  and  3  miles  per  hour  returning  empty. 

With   the   enormous    developments   of   motor   truck   high-  Forty   minutes   is   allowed   for  loading   and   unloading  3,750 

way  transportation,  which  this  country  is  to  witness  in  the  Ihs.  with  shovels.     This   weight  was  the  average  load  last 

next  5  years,  many  established  practices  in  highway  work  season.  The  vehicle  considered  was  a  common  farm  wagon, 

must  be   remodeled.     It   is   self-evident   that   the  increased  A   comparison   of  the   schedule  with   the   flat  rate  of   1   ct. 

tonnage  will  call  for  ideal  drainage,  strong  foundations  and  per  bushel   per   mile   for   hauling   wheat   in   northern    Iowa 

roadway    surfacings    suitable    for    motor    truck    traffic.      In  and   southern   Minnesota   shows  that  at  11  miles  the  rates 

this   connection  may   be   cited   the   recommendation   of  the  are    practically    the    same,    while    at    5    miles    the    county 

former  New  York  State  Department  of  Efficiency  and  Econ-  would   pay   $.138   more,  and   at   15   miles   $.085   less, 

omy   in  1915,  that  all  trunk  highways  should  be  built  with  schedule   OF    prices    for   hauling    one    TON. 

.  i,-ji.  T-^^4  ii  t Team  rates  per  day  of  ten  hours. . 

cement-concrete  foundations.     Dependent  upon   the  amount  iiii^s.                        .$.i.oo       $5.50       $6.00       $6.50       $7.00       $7.50 

and  character  of  the  traffic  to  which  a  trunk  highway  will       «-5 288         .317         .346         .375         .404         .433 

,.,,,.        .,.,.,..        ,  .^  ,  J      ^Z        *      i    _„         1-0 400  .440  .480  .520  .560  .600 

be  subjected  durmg  the  life  of  Its  surface  and  Other  factors        15 5]^l  562         ,ei3         .664         .715         .766 

influencing  its  selection,  the  following  types   are  suitable:        2.0 622         .684         .746         1808         '.S^1         igss 

''5  733  SOfi  880  9S3  1  02fi  1  100 

Bituminous    concrete;    cement-concrete;    brick:    and    stone  s.o... ...... .'.'..'.'.'.     '.su          928       1013       1097       1182       1266 

block,  £5] '.['.'.'.'.'.'.'.'.  .'.'.'.'.      '.K5         l!651         l!l4fi         i;242         l!337         l!433 

As  of  particular  interest  to  the  advocates   of  the   devel-  \l'.:.'.: ...'.::.'..'.'.    lilT?       I'.lll       lAll       lili       I'.tls       ijll 

opment  of  motor  truck  transportation  is   the   present  con-       5.0 1.288       1.4I7       1.546       l!675       L804       1^933 

dition  pertaining  to  the  width  of  pavements  on  trunk  high-  elo:  i!  i!  i! ::;:.:  i! !    lilii       Utt       013       Hu       Hit       liefi 

ways.     Reviewing    the    construction    of    the  past  few  years       6.5 1.622       1.784        i!946       2.108       2;271       2^433 

of  the   types   of   pavements   heretofore   mentioned   used   on  7't['.['.'.'.'.'.'.[['.'.'.'.[   i.'glf       2.028       I'm       l.'lg?       I'sll       I'vee 

trunk  highways,  it  is  found  that  the  widths  vary  from   12        R.o '.'.    i'.955       2.151       2.346       2.542       2'. 737       2.933 

to  18  ft.  with   a  few  instances  of  greater  widths.     In   this  I'^o'.V.'.V.'.'.'.'.'.'.V.'.'.    2.177       1.395       2  613       Isll       3  048       I'ltl 

connection  it   is  of  value  to  note   that   the   Highway   Com-  9.5. ...'..'..'. .'.".'.'.'.'.'   2.288       2.'5i7       2.746       2.975       3.204       3.'433 

mltt.ee  of  the  American  Society  of  Civil   Engineers  recom-  loj;;: :;  :■.;::::;■.■.:    f.tll       I'.ltl       lois       I'lfi       lilt       llee 

mended  several  years  ago  that  "where  motor  truck  forms  li.o.'.'.'.. .'.'.'.'.'.'..'.'.'.    2.622       2!884       3!i46       3!408       3!67l       3^933 

a  considerable  portion  of  the  total   traffic  likely   to   use  a  Ja.'o.'.: .'.'.■.■.':"  ■.■.■.'.'   f.lu       3.128       Ills       I'll?       I'Isz       4'266 

highway,   the  unit  width   of  traffic  lines   should   be   consid-  12'.5. '.'.'.'.'.'.'.'.'.!'.'.'. '.    2.955       3.251        3.546       3'.842       4.137       4'433 

ered  as  9  to  10  ft.,  instead  of  7  or  8  ft.  as  heretofore."   Fur-      \IJ,---- f^^^       |-f^|       |-|fg       flU       Jj^|       |600 

thermore.  as  far  back  as  1908,  the  First  International  Road  u.'o. '.'.'.'.'.'.'.'.'.'.'.'. '.'.'.    3288       3!617       3l946       4^275       4604       4'q33 

Congress,  held   in   Paris,  adopted   this   resolution:      "There      1^.5 3.400       3.740       4.0.80       4.420       4.760       5.100 

,,   ,    ■  ^  ,  „  ,  ■    J      <!        I,-    1        in   ot         15.0 3.511         3.862         4.213         4.564         4.915         5.266 

should  be  but  one  roadway  for  every  kind  of  vehicle,  19  ft.      15.5 3.622       3.984       4.34s       4.708       5  071        5431 

8  in.  wide  at  least."    It  is,  of  course,  well  known  that  many      16.0 3.733       4.106       4.480       4.853       5,226       .5.600 

.,.,'  ..^,,,  •  J        In.-"* 3.844         4.228         4.613         4.997         5.382         5766 

of  the  mam  county  highways  of  England  have  an  improved      17,0 3.955       4.351       4.746       5.142       5537       5933 

surface  of  from  20  to  22  ft.  and  that  the  main  trunk  high-      17.5 4.066       4.473       4.880       5.286       5.693       6.100 

■     „  ..      ,,      rt,    „,     .  'jt.-u       TKT\ *t*«       18.0.. 4  li?         4.595         5.013         5.431         5.848         6.266 

ways  of  France  are  practically  24  ft.  m  width.    ,When  the      ,^.5 4.288       4.717       5.i4fi       5.575       6.004       6  433 

rapid   development  of  touring  car.   motor  truck   traffic  and      19.0... 4.400       4.840       5.2.80       5.720       6.160       i.eh'o 
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Methods  and  Cost  of  Maintenance 
of  a  27  1-2  Acre  Park  System 

BY    H.   R.   KERHISS. 

The  follow iiiK  costs  cover  the  maintenance  from  Jan. 
I»t  to  Nov.  l.'ith.  lyis,  of  a  park  system  comprising  27Uj 
acres,  of  which  approximately  4  acres  are  In  small  parks 
and  the  halance  In  narrow  boulevards  along  the  edge  of 
pavements,  and  containing  the  usual  improvements  such 
.IS  light  standards,  hydrants,  etc..  found  In  city  boule- 
vards. These  improvements,  together  with  the  cross  streets 
lowing  to  the  fact  that  they  interfere  with  '•straight" 
work),  add.  of  course,  somewhat  to  the  cost  of  mainte- 
nance. Included  under  the  work  of  maintenance  are  30K 
l>oulevard  trees,  approximately  .'5.000  shrubs  of  various 
kinds.  3.500  feet  of  dwarf  hedge,  and  1,250  feet  of  privet 
and   broom    hedge. 

The  grass  cutting  is  done  with  a  32  in.  horse  drawn 
lawn  mower,  followed  by  a  16  in.  hand  mower  which  cuts 
those  places  inaccessible  to  the  horse  mower.  The  mar. 
operating  the  hand  mower  also  trims  the  edges  along 
walks  and  curbs,  around  standards,  etc.,  using  for  this 
purpose  long  handled  grass  shears.  The  grass  cutting  was 
commenced  on  March  2'ith  and  carried  on  without  inter- 
mission until  Sept.  30th.  The  entire  grass  area  is  cov- 
ered every  6  days  at  least,  and  this  close  cutting,  we  find, 
is  our  best  protection  against  the  spread  of  weeds  on  the 
boulevards. 

The  watering,  during  the  five  dry  summer  months.  Is 
done  by  a  crew  of  high  school  boys,  who  work  between  5 
and  10  p.  m  every  day  except  Sunday.  The  grass  areas 
are  divided  into  districts  of  varying  sizes,  which  are  care- 
fully planned  according  to  locality,  soil,  etc.,  in  order,  that 
each  member  of  the  crew  may  have,  as  nearly  as  possible, 
an  equal  amount  of  work.  The  hose  connections  are  spaced 
150  ft.  apart  and  "staggared"  on  opposite  -sides  of  the 
street.  Each  member  of  the  crew  operates  one  section 
of  hose  with  a  hand  sprinkler  and  from  one  to  three  sec- 
tions with  automatic  sprinklers  attached.  The  sprinklers, 
which  are  homemade,  are  designed  to  give  the  maximum 
volume  consistent  with  minimum  water  waste.  On  wide 
areas  a  high  revolving  sprinkler  is  used  and  on  the  nar- 
row boulevards  a  spiinkler  lying  on  the  ground  which 
covers  the  grass  only  between  the  curbs  and  margins.  Each 
member  of  the  crew  looks  after  his  own  hose  and  tools, 
and  for  which  he  is  held  strictly  responsible.  The  occa- 
sional repaii's  to  the  water  connections  are  made  by  the 
"handy   man"  employed  on  the  estate. 

A  generous  bonus  is  paid  for  the  two  best  kept  sec- 
tions, and  a  system  of  fines  is  imposed  for  carelessness, 
■vater  waste,  damaged  hose.  etc.  In  passing,  it  may  be 
worth  mentioning  that  this  system  of  fines  and  bonuses 
has  been  in  force  for  3  years  and  on  the  whole  has  been 
satisfactory. 

The  water  used  for  sprinkling  is  shown  in  Table  II. 

The  shrubs,  hedge,  etc..  are  maintained  by  one  man, 
working  less  than  full  time.  The  dwarf  hedge  is  trimmed 
(on  top)  once  a  year  with  a  lawn  mower  mounted  on 
wooden  wheels  to  give  the  required  height,  and  (the  sides) 
with  hand  shears. 

A  limited  amount  of  strictly  necessary  weeding  is  done 
In  the  spring,  when  the  ground  Is  still  soft  from  winter 
rains.  Weeding  is  never  done  In  summer  when  the  ground 
Is  hard,  owing  to  the  dllficulty  of  removing  the  roots. 
Every  fall,  after  grass  cutting  is  complete,  good  manure 
is  spread  on  grass  areas,  and  at  the  base  of  a  certain  num- 
ber of  trees  and  shrubs. 

The  cost  of  maintenance  varies  considerably  with  the 
weather.  During  the  past  U  years,  the  average  summer 
rainfall  has  been  2.72  in.  from  April  1st  to  Oct.  1st.  but 
each  year  there  are  at  least  two  months  when  practically 
no  rain  falls  during  those  two  months.  It  is  then  nearly 
as  dry.  although  not  as  hot.  of  course,  as  Southern  Cali- 
fornia. We  regard  a  good  soaking  rain  In  summer  worth 
at   least   $50  to  the  company. 

There  Is.  in  places  some  wild  land  bordering  the  boule- 
vards, which  makes  a  splendid  ntirsery  for  dandelions.     In 


order  to  prevent  as  far  ax  possible  the  seeds  from  blow- 
ing Into  the  boulevards  and  also  to  choke  out  the  dande- 
lions, we  planted  broom  and  lupin,  both  of  which  thrive  In 
ihf  locality,  and  require  little  or  no  care.  They  give 
a  good  appearance  and  re<iulre  very  little  labor  to  re- 
nio\o  when  the  land  is  sold,  and  are  hardy  enough  to  re 
produce  themselves  In  the  areas  infested  with  weeds.  The 
lota!  original  cost  of  this  planting  to  date  has  been  un 
der  $yO.  and  the  results,  practical  and  ethical,  have  been 
highly   satisfactory. 

In  the  following  costs  (Table  1)  the  rates  are  assumed, 
but  the  hours  and  quantities  are  correct.  The  costs  are 
net  and  do  not  include  depreciation,  ofiice,  overhead,  etc. 
.Maintenance  only  Is  included,  new  work  of  all  descrip- 
tion having  been  omitted. 

On  the  basis  of  the  rates  given  in  Table  I  the  total 
cost  for  all  labor  connected  with  maintenance  works  out 
to  about  $07.20  per  acre. 

Kor  the  fertilization  good  manure  was  previously  dumi  ed 
(under  contract)  at  convenient  points  adjacent  to  the 
backward  grass  areas.  This  labor  Item  in  Table  I  in- 
cludes only  the  handling   from   stock  piles. 

The  miscellaneous  labor  item  in  the  tabic  is  for  special 
watering  on   trees  and   backward  areas. 

In  the  weeding  a  long  handled  weeding  fork  designed 
by  the  Superintendent  is  used.  Special  care  was  taken 
to  extract  roots,  and  all  weeds  were  promptly  burned.  The 
holes  were  sprinkled  with  grass  seed. 

TABLE   1— LABOR   COST    OF   .MAI.NTAININO    PARK    SYSTEM 


Labor  classification.        Hrs.  Rate. 
Fertilization    (13,200  sq.   yd.)       Ct. 

L^abor    spreadlne,     horse        

and   f-art    71     40 

Labor  ral<lng   120     30 

Grass  cutting    (27  acres) 

Horse  moiver   317     50 

Hand    mower    (Including 

trimminir)     1,298     30 

Watering   (27>4   acres) 

Labor    (includes  care   of 

liose.   etc.)    2,707     30 

Repairs      to       Ijoulevard 

connections    22     30 

Miscellaneous    labor 225     30 

"'are  of  l)oulevard  trees  (308  trees) 

Pruning     42     40 

Cultivating    66     30 

Re-tle  and   re-stake 52     30 

ertilize     (Includes 


158.50 
389.40 


16.80 
19.80 
15.60 


Unit    coat. 
.49  ct.  per  100  sq.  yd. 

.$20.30   per  acre 
.$32.23   per   acre 

.21  ct.  per  tree 


live 


.-)     40     30       12.00 


Care  of  hedges   (4.750  Un.   ft.) 

Pruning,    clipping,    etc. .     56  40 

Cultivating   and    manure     28  30 

Care  of  shrubs  (3.000  shrubs) 

Pruning    98  40 

Cultivating     36  38 

Weeding  (al)Out  20  acres) 

Labor    261  30 

Care  of  park  tools   (other 

than  hose)   149  40 

Miscellaneous  labor 53  30 

Superintendence  (propor- 
tional charge)    102  50 .    51.00     $1.85  per  acre. 


65  ct.  per  100  Un.  ft. 
$1.67  per  100 
$3.90  per  acre 


$2.17  per  acre 
58  ct.  per  acre 


Total     $1,848.30 

The  water  used  for  sprinkling  Is  given  in  the  following 
table.  It  should  be  noted  that  the  boulevards,  towards 
the  end  of  the  season,  got  brown  in  spots — at  one  time 
about  8  per  cent  of  the  total  area  showed  brown — but  the 
first  hard  rains  in  early  fall  restored  the  grass.  The  pre- 
cipitation is  given  owing  to  its  close  relation  to  the  quan- 
tity of  water  used. 

TABLE   II— WATER  USED  FOR   SPRINKLING. 


Precipi- 

tation. 

.Month. 

In. 

April     .... 

33 

AUKUBt    1.78 


.«t>ptember 


Water 

used. 

Cu.   ft. 

Re  11 

1.750 

Conini.  • 

.;    i:ti-. 

Inst 

crow. 

IJgbt 

n:i1u.- 

6.000 

Water.M 

.■\  i 

four. 

Two 

11.100 

Watered 

T«.. 

10.300 

w 

day.     Lisht 
.•    vulue 

3,r.oo 

\\ 

i(:i\-    i»xrept 
.•r«w . 
-.  and 

2.350 

\\  ..:.  .. 

No 

About  60  per  cent  of  the  area  watered  Is  grass  over  a 
sandy  gravel  sub-soil,  on  side  hill  location  which  increases 
run-o(T.     The  balance  Is  grass  over  a  clay  sub-soil.     Only 
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about  60  per  cent  the  quantit.y  of  water  was  required  on 
clay  sub-soil  to  keep  the  grass  in  as  good,  or  better,  con- 
dition than  that  on  sandy  sub-soil,  particularly  where  the 
boulevards  follow  sloping  ground. 


Blast  Furnace  Slag  Used  for  Base 

and  Cushion  of  Brick  Pavement 

on  National  Highway 


Speedy  Resumption  of  Federal  Aid  Road 

Construction  and  Increased  Federal 

Appropriations  Advocated  by 

Secretary  Hous^ton 

Co-operative  highway  construction  under  the  Federal 
aid  road  act  must  be  resumed  as  quickly  as  possible  in 
full  measure,  the  Secretary  of  Agriculture,  D.  F.  Houston, 
stated  at  a  conference  of  editors  of  agricultural  journals 
held   recently   at  Washington. 

From  unexpended  balances  of  Federal  appropriation  for 
the  last  few  years,  from  State  funds  beyond  what  was 
necessary  to  meet  the  Federal  allotments,  and  from  amounts 
available  during  the  current  fiscal  year,  approximately 
$75,000,000  '.vill  be  available  for  expenditure  during  the 
calendar  year.  Next  year,  if  all  the  balances  should  be 
expended  during  this  year,  and  we  should  have  to  rely  sole- 
ly on  the  funds  accruing  next  year,  there  will  be  $20,000,000 
from  Federal  appropriations,  and  probably  more  than  thiii 
amount  from  State  sources,  according  to  the  Secretary's 
statement.     The   States,   in   addition,   will   expend    sums   in  _— ,r,7-r 

excess    of    what    they    have    assigned,    or    will    assign,    for       '^^^'T^^^'^^'^^^^"'"^^ 


Blast  furnace  slag  was  employed  for  the  base  and 
cushion  course  of  a  13%  mile  section  of  the  National  High- 
way completed  recently  between  New  Concord  and  Zanes- 
ville,  O.  This  highway  section  was  rebuilt  by  order  of 
the  Government  as  a  necessary  war  measure.  The  grad- 
ing was  begun  March  22,  1918,  and  the  road  was  opened 
to  traffic  on  Oct.  22. 

The  original  earth  road  was  carefully  graded  by  wheel 
scrapers  and  low  grades  filled  and  the  necessasy  cuts 
made.  Then  forms  for  concrete  curbs  were  built  to  form 
a  curb  30  in.  deep  by  6  in.  in  width.  After  removal  of 
forms,  there  was  laid  between  curbs  a  15  in.  course  of 
run  of  crusher  slag,  from  Bellaire  Furnaces,  Carnegie 
Steel  Co.  After  this  had  been  thoroughly  rolled  and  bond- 
ed, sufficient  granulated  slag  from  Riverside  Furnaces  of 
the  National  Tube  Co.  at  Benwood,  W.  Va.,  and  the  Wheel- 
ing Steel  &  Iron  Co.,  Wheeling,  W.  Va..  was  placed  to 
fill   up   the  interstices  in  the  slag  base.     This   course   was 


Federal  aid  road  projects.     Secretary  Houston  said 

It  seems  to  me  that  we  should  take  a  further  step — take  this 
.step  not  only  because  of  the  importance  of  good  roads,  but  also 
because  of  the  desirability  of  furnishing  worthy  projects  on  which 
unemployed  labor  during  the  period  of  readjustment  may  be 
engaged.  There  will  be  many  things  suggested  for  which  Fed- 
eral and  State  funds  will  be  sought.  Some  of  these  will  be  un- 
worthy. Clearly  such  public  works  as  roads  are  worthy,  and  it 
would  be  in  the  public  interest  to  make  available  larger  appro- 
priations from  the  Federal  Treasury  to  be  used  separately  or  in 
conjunction   with   state   and   local   support. 

There  need  be  no  delay  in  the  execution  of  such  a  program. 
The  Nation  has  already  provided  the  machinery  in  the  Depart- 
ment of  Agriculture  and  in  the  State  highway  commissions. 
The  Federal  aid  road  act  was  fruitful  of  good  legislation,  and 
each  State  in  the  Union  now  has  a  central  highway  authority 
with  power  and  funds  to  meet  the  terms  of  the  Federal  act.  The 
two  agencies,  in  conjunction,  have  been  engaged  in  devising  well- 
considered  road  systems  and  in  making  surveys,  plans  and 
specifications.  The  task  will  be  one  of  selection,  and  those  roads 
should  be  designated  for  iniprovement  which  are  of  the  greatest 
economic  importance,  with  due  regard  to  such  military  and 
other  needs  as  are  proper  for  consideration.  There  is  no  neces- 
sity for  any  departure  from  this  scheme.  The  suggestions  made 
have  been  canvassed  with  the  President,  the  Secretary  of  War 
and  the  Postmaster  General,  and  they  are  in  accord  with  the 
view  that  additional  funds  should  be  made  available  to  this  de- 
partment and  that  they  should  tie  expended  through  existing 
machinery. 


National  Highway  Traffic  Association  Organized. — At  the 
November  meeting  of  the  Highway  Traffic  Association 
of  the  State  of  New  York,  held  at  the  Automobile  Club  of 
America,  many  Government,  state,  county  and  municipal 
officials  and  officers  of  several  organizations  interested  in 
highway  problems  participated  in  the  formation  of  the 
National  Highway  Traffic  .Association.  The  object  of  the 
new  organization  is  the  advancement  of  the  efficiency  and 
regulation  of  highway  traffic.  The  Association  will  pub- 
lish reports,  standards  and  regulations  adopted  by  it  and 
will  promote  sound  legislation  pertaining  to  highway  traf- 
fic. Besides  the  usual  executive  officers,  there  will  be 
five  Vice-Presidents  representing  different  sections  of  the 
United  States,  and  a  Director  from  each  state  and  ter- 
ritory of  the  Union.  Professor  Arthur  H.  Blanchard  of 
Columbia  University,  New  York,  is  President  of  the  new 
Association. 


f^u.n  of  Cru3hcr  S;ag 

Cross  Section  of  East  Pike  Section  of  National  Highway, 
then  also  thoroughly  rolled  and  compacted.  On  the  slag 
bed  thus  prepared  was  laid  a  2  in.  cushion  course  of  the 
same  granulated  slag  carefully  leveled,  on  which  was  placed 
4x9  in.  paving  brick.  Bricks  were  laid  in  record  time,  the 
crew  of  two  bricklayers  and  helpers  laying  as  many  as 
54,000  bricks  a  day. 

The  work  was  carried  out  under  the  personal  super- 
vision of  R.  C.  Burton,  of  Zanesville,  who  was  appointed 
to  represent  the  State  of  Ohio.  A  critical  labor  shortage 
materially  delayed  operations  earlier  in  the  season.  The 
labor  problem  was  met  in  part,  by  the  employment  of 
Mansfield  and  Lancaster  Reformatory  prisoners  who  were 
well  paid,  amply  provided  with  food,  shelter  and  clothing 
and  granted  almost  absolute  freedom  while  on  the  job. 

On  either  side  of  the  paved  section,  which  is  16  ft.  in 
width,  are  well  drained  and  rolled  berms,  9  ft.  wide, 
which  provide  excellent  driveways  for  horse  drawn  ve- 
hicles. 

The  materials  used  in  constructing  the  road  were 
5,000,000  Townsend  brick,  306  cars  of  run  of  crusher  slag, 
from  Carnegie  Steel  Co..  258  cars  of  granulated  slag  from 
the  National  Tube  Co.  and  Wheeling  iron  and  steel  com- 
pany, 216  cars  of  native  gravel,  8,343  bbl.  of  Crescent 
Portland  cement  and  1,000  tons  of  tar  from  the  Barrett 
Manufacturing  Co. 


Concrete  Shoulders  for  Widening  Macadam  Roadway. — 
Certain  sections  of  the  highway  between  Washington  and 
Baltimore,  Md.,  are  being  widened  by  building  concrete 
shoulders  on  both  sides  of  the  macadam.  These  shoulders 
are  3  ft.  wide  and  8  in.  thick,  and  make  the  total  width 
of  the  road  20  ft. 


Expansion  and  Contraction  in  Concrete  Roads. — An  in- 
vestigation was  started  last  year  by  the  New  York  State 
Highway  Commission  for  the  purpose  of  determining  the 
expansion  and  contraction  of  the  concrete  in  concrete 
roads.  Six  sets  of  reference  plugs  were  placed  in  four 
different  concrete  roads  in  March  and  exact  measurements 
taken  over  the  spaces  marked  off  by  these  plugs.  Measure- 
ments were  also  taken  on  May  4,  May  31.  July  31,  Oct.  S 
and  Dec.  4.  There  was  an  average  change  in  the  length 
of  the  concrete  of  about  0.02  per  cent,  the  greatest  length 
being  recorded  on  July  31st  and  the  minimum  length  on 
Dec.  4th.  In  connection  with  this  expansion  and  contrac- 
tion in  the  concrete,  it  should  be  noted  that  the  year 
1917  was  deficient  in  both  precipitation  and  temperature 
The  precipitation  deficiency  amounted  to  7.72  in.  and  the 
deficiency  in  temperature  amounted  to  665°  F.  Both  of 
these  factors  have  a  tendency  to  decrease  the  expansion 
and  contraction  of  concrete. 


The  Great  Lakes  Dredge  &  Dock  Co.,  at  $5. .'500,000.  was 
low  bijder  for  work  on  the  Michigan  Ave.  boulevard  link. 
Chicago. 
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The  Three    Elements    of    Trans- 
portation:  Highways,   Rail- 
ways and  Waterways* 

The  trans|iort;ilioii  sNstfiii  of  tlio  l_'nll«>d  States  Is  not 
a  unit.  It  cannot  be  run  on  what  we  may  call  unitarian 
linns. 

It  Is  a  trinity,  and  has  to  be  run  on  trinltarian  lines.  You 
must  link  up  railways  and  waterways  and  hlRhways  to  get 
a  perfect  transportation  system  for  this  country.  If  there 
were  no  railroads  we  would  have  little  transportation.  If 
there  were  no  waterways  there  would  bo  Insuflicient  trans- 
portation If  we  had  an  abundance  of  railways  and  water- 
ways and  lacked  the  use  of  hiKhways,  we  should  have  Im- 
perfect transportation.  We  should  fall  to  bring  it  to  every 
man's  door,  and  it  must  be  brought  to  every  man's  door 
to  be   perfect. 

It  Is  within  two  years  that  the  governor  of  a  great  state 
has  suggested  to  me  that  the  use  of  large  motor  trucks  be 
forbidden  because  they  destroy  highways.  I  ask  you  if 
vou  will  warrant  the  removal  of  locomotive  engines  be- 
cause they  are  made  100  tons  heavier  and  would  break  the 
light  rail  made  40  years  ago.  The  problem  is  a  duplex  one. 
The  best  tool  must  be  had  for  the  job  and  the  opportunity 
must   be  provided  for  the  tool  to  do   its   work 

Internal  Combustion  Engine  and  Highway  and  Waterway 
Transportation.— There  came  Into  the  world  a  new  tool: 
The  internal  combustion  engine,  destined  to  work  almost 
as  great  a  change  in  the  human  life  as  the  steam  engine 
in  its  time,  making  possible  a  tool  for  the  waterway  that 
the  waterway  had  never  had  before,  making  it  possible  to 
use  for  the  highway  what  the  highway  had  never  had  be- 
fore, making  necessary  the  alteration  of  the  highway  to 
suit  the  new  tool  built  for  it.  It  has  never  been  true 
until  now  and  it  has  just  now  become  true  that  the  water- 
way and  highway  have  been,  as  regards  the  tools  for  their 
use,  on  a  technical  and  scientific  level  with  the  railway. 
The  Government  is  just  putting  in  operation  this  month 
the  first  great  barges  for  the  JlississippI  river,  intended 
to  carry  ore  south  and  coal  north,  made  possible  because 
of  internal  combustion  engines.  The  tool  has  come,  the 
internal  combustion  engine  is  altering  the  face  of  the  marine 
world,  so  that  we  do  not  really  need  but  6  ft.  of  water  in 
the  northern  Mississippi  to  carry  1.800  tons  of  ore  in  one 
boat.  We  look  upon  the  development  of  the  New  York 
state  barge  canal  with  a  certainty  of  its  profitable  use  for 
the  nation,  for  with  a  12-ft.  draft  we  know  we  can  carry 
2,300  tons  in  any  vessel  constructed  for  the  purpose,  driven 
by  internal  combustion  engines.  The  tool  for  the  job  and 
the  way  made  ready  for  the  tool. 

Highways  as  Feeders  for  Waterways. — My  conception  of 
the  future  of  the  New  York  barge  canal  and  the  canal 
across  New  Jersey  and  the  Chesapeake  and  Ohio  and  all 
the  waterways  Is  that  the  companies  operating  on  them 
shall  pick  up  and  deliver  at  every  important  terminal 
point  by  lines  which  shall  radiate  out  by  motor  trucks  from 
no  to  100  miles  and  they  shall  take  from  these  places  goods 
thus  brought  to  their  station.  So  that  If  when,  for  example, 
they  were  delivering  goods  from  Kentucky  to  Illinois,  the 
goods  might  start  from  a  farm  or  from  an  inland  village 
by  motor  truck  and  go  to  the  nearest  waterway  station, 
there  to  be  picked  up  by  vessel  and  be  carried  down  the 
Kentucky  and  Ohio  to  a  point  sufllciently  near  in  Illinois 
to  where  It  was  to  go,  there  to  be  picked  up  by  motor 
trucks  which  would  carry  It  to  its  destination.  .And  it 
should  be  billed  through  by  one  bill  of  lading.  That  would 
definitely  establish  that  the  vehicle  and  highways  are 
not  accidental  or  Incidental,  but  an  essential  factor.  That, 
it  seems  to  me.  Is  what  we  are  coming  to  before  very  long. 
I  imagine  we  will  come  to  it  almost  before  we 


I  cannot  think  of  that  except  as  a  matter  of  common 
sense.  It  is  a  thing  which  has  got  to  be,  and  in  a  very 
few  years,  at  least,  will  be  as  accepted  as  such  things  as  the 
rising  of  the  sun  and  the  setting  of  the  sun.  It  will  be 
considered  normal.  You  will  even  find.  If  you  have  not 
already  found,  farms  offered  for  sale  on  the  basis  of  hav- 
ing a  nural  Express  coming  and  going  on  one  side  of  It. 
I)erhaps  on  two  sides  of  It  as  we  get  Into  It  more  thorough- 
ly. The  whole  rural  postal  delivery  system  was  the  promise 
and  pledge  of  the  Kural  Express.  What  we  do  when  we 
send  the  motor  truck  through  the  rural  centers  is  to  push 
the  Rural  Free  delivery  and  the  parcels  post  ser\-lce  Just 
one  step  forward. 

So  many  are  familiar  with  the  automobile,  not  as  famil- 
iar, I  believe,  as  they  are  going  to  be,  that  it  seems  hard 
to  think  it  can  work  as  revolutionary  a  change  In  their 
life  as  it  Is  going  to  do.  But  1  am  perfectly  certain  that 
there  abide  these  three  elements  of  transportation,  rail- 
way, waterway,  and  highway,  that  they  are  one,  and  that 
none  of  them  will  reach  its  full  value  to  the  community 
without  the  other  and  that  each  is  the  friend  of  the  other. 


Rural  Express.— Our  friend  the  farmer  must  have  the 
Rural  Express  or  its  equivalent  which  comes  lo  his  door, 
which  In  the  morning  connects  him  up  with  all  the  round 
earth  and  brings  him  what  ho  wants  of  the  earth's  prod- 
ucts  back  to  his  door  that  night. 

^om  an  addrr^ss  by  Wllllnm  C.  ReddoUl,  Secretary  of  Com- 
merce, presented  hcforo  the  ReKioiinl  Chairmen  of  the  Hlgnwnys 
Tran!<t>ort  Committee  of  the  Council  of  National  Defenne 


Government  Motor  Truck  Routes 

A  plan  for  the  utilization  of  the  men  now  in  the  army 
for  an  extensive  development  cf  the  motor  truck  parcel 
post  routes  was  outlined  by  Mr.  James  I  Blakslee.  Fourth 
Assistant  Postmaster  General  of  the  United  States  at  the 
November  meeting  of  the  Highway  Traffic  Association  of 
the  State  of  New  York.  He  proposed  "that  we  use  the 
available  military  equipment,  and  such  available  military 
personnel  in  the  construction  and  operation  of  a  govern- 
mental enterprise  that  will  be  immediately  profitable,  and 
which,  in  turn,  will  produce  sufficient  revenue  to  continue 
its  administration  and  operation." 
Mr.  Blakslee  further  stated: 

I  am  Informed  that  there  are  100.000  motor  vehicles  now  in 
use.  or  in  process  o'  construction  for  military  purposes.  I  am 
certain  that  a  vast  number,  if  not  the  majority  of  this  .surplus 
equipment,  can  bo  utilized  in  the  transportation  of  merchandise 
and  commodities  through  territory  within  the  countrj'  that  Is 
not  Immediately  adjacent  to  existing  means  of  transportation, 
and  is  lof-alcd  in  productive  localities  where  inadequate  means 
of  conveyance  obtain.  To  properly  utilize  such  an  enormous 
number  of  moving  units  would  require  the  service  of  an  equally 
huge  army  of  Individuals,  and  thereby  provide  emplo>-inent  for 
thousands  of  men  who  have  been  making  a  sacriflce  for  us  all. 

I  believe  that  there  should  be  three  different  methods  of  meet- 
ing the  cost  of  the  construction  and   improvement  of  highways. 

First:  For  a  highway  entirely  Federal  or  national  in  char- 
acter. This  main  line,  or  through  connecting  national  highway, 
should  be  utilized  by  the  Federal  government  in  the  transporta.- 
tion  of  commodities  upon  which  a  revenue  should  be  earned 
sufflclent  to  meet  the  expense  of  transportation,  and  to  provide 
for  the  improvement  and  maintenance  of  the  roadway  over 
which  the  commodities  are  conveyed,  and  I  submit  a  definite, 
specific  method,  one  that  we  have  tried  and  found  profitable,  the 
conveyance  of  mailable  matter.  Including  parcel  post,  at  regular 
rates.  There  are  in  operation  today  transportation  facilities  In 
daily  operation  on  through  or  connecting  highways  from  Port- 
land. Me.,  to  Richmond,  Va.:  from  New  York  City  to  Chicagt): 
from  Indianapolis.  Ind..  to  Montgomery.  .Via.:  and  with  an  ap- 
propriation of  $300,000,  the  postage  revenues  on  these  highways 
and  adjacent  roads  leading  to  tlie  same,  now  average  over  »;,- 
OOn,ouo   per  annum. 

Second:  For  a  highway  supported  by  the  Federal  Govern- 
ment and  the  states  and  local  aub-dlvlslons  thereof.  These  high- 
ways should  be  known  a.'*  feeder  highways  and  located  near  trunk 
lines,  or  national  highways,  within  producing  territory. 

Third:  For  a  highway  supiKirted  hy  state,  county  or  town- 
ship. This  third  dellnllo  suggestion  includes  the  construction 
anil  maintenance  of  supply  roads  to  the  feeder  roads  that  Anally 
conni'ct  with  the  National  trunk  line  roads. 

The   benefits   of    the   adoption   of    such    a   system    of   highway 

•onairuction  can  be  oxti-nded    to  Include  the  coat  of  living,   for. 

think   of"lt        through  the  complete  organization  of  a  system  of  transportotlon 

oi   11.       f.^ciiitTes   covering  Improved    roads,   commodity   prices   that    have 


today  reached  exhorbltant  figures  can  be  InMuenced  to  a  con- 
Hlderablo  extent.  Wo  found  that  on  Oct.  21.  191S.  fresh  eggs  were 
selling  In  the  city  of  Newark.  N.  J.,  at  Jl.OO  per  dozen,  when  a 
tremendous  supply  was  available  at  New  Holland.  Pa.,  a  dis- 
tance of  100  miles  from  N.wark.  at  60  ct.  per  dozen.  With  a 
liostal  rate  of  about  3  ct.  per  dozen,  we  could  havo  possibly  de- 
livered this  prime  food  product  In  that  city  at  from  25  to  30  ct. 
l>er  dozen  less  than  the  price  the  citizens  were  paying. 
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Asphalt    Pavement    Construction 
in  Rainy  Weather 

Interesting  observations  on  the  construction  ot  sheet 
asphalt  pavement  during  rainy  weather  are  given  by  Mr. 
T.  G.  Marriott,  engineer  the  Limmer  &  Trinidad  Lalie 
Asphalt  Co.,  Ltd.,  in  a  recent  issue  of  The  Surveyor.  In 
his  article,  an  abstract  ot  which  is  given  below.  Mr.  Mar- 
riott gives  information  collected  during  the  carrying  out 
of  a  paving  contract  for  the  corporation  of  Oxford  In 
1915-1916. 

The  work  comprised  the  laying  of  about  5  miles  of  4% 
in.  Trinidad  asphalt  macadam  on  the  principal  motor  omni- 
bus routes  of  the  city.  The  asphalt  was  laid  in  two  coats 
direct  upon  the  existing  roadbeds  after  the  usual  scarify- 
ing and  rolling  to  required  levels.  No  Portland  cement 
concrete  was  used  throughout  the  contract,  the  conditions 
of  which  provided  for  the  continuous  prosecution  of  the 
work  during  the  winter  months,  subject  to  the  discretion 
of  the  City  Engineer. 


the  weather  prevented  the  manufacture  and  laying  of  the 
asphalt. 

While  in  the  total  the  mean  rainfall  of  Oxford  is  not 
greatly  in  excess  of  that  of  London,  the  winter  climate 
of  the  city  is  by  no  means  a  favorable  one  for  the  laying 
of  asphalt,  being  for  the  most  part  damp  and  raw,  with 
occasionally  extremely  low  temperatures.  The  subsoil  of 
the  roads  was  found  to  consist  largely  of  valley  gravel, 
and  was  thus  of  good  quality  for  the  work.  On  the  whole, 
however,  the  asphalt  laid  in  the  winter  months  at  Ox- 
ford bears  favorable  comparison  with  that  laid  in  the  sum- 
mer, and  the  writer  sees  no  reason  to  doubt  the  ethcacy 
of  modern  two-coat  asphalt  constructed  during  moderately 
rainy  weather. 

Given  the  essentials  of  a  suitable  sub-foundation  and 
particularly  a  well-designed  asphaltic  concrete  base,  it 
would  seem  that  the  wearing  surface  or  "topping"  may 
be  put  down  in  any  conditions  of  weather  that  the  work- 
men engaged  in  laying  it  can  tolerate.  On  the  other  hand, 
the  prejudice  of  engineers  against  the  laying  of  compressed 
rock   asphalt  in  any   but  the  most  favorable   weather  con- 
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Rainfall   and    Monthly  Output  of  Asphalt  from    Paving    Plant. 


The  contractors  arranged  with  the  principal  of  the  Rad- 
cliffe  Observatory,  Oxford,  for  the  monthly  record  of 
weather  statistics,  and  of  these  the  number  of  rainy  days 
and  total  rainfall  are  presented  in  chart  form,  together 
with  the  corresponding  monthly  output  in  tons  ot  asphalt 
mixture  from  the  paving  plant.  The  latter  was  of  the 
company's  small,  semi-portable  type,  consisting  of  twin 
•Rotosec"  dryers,  10  ft.  by  10  ft.  mixing  tower  and  three 
portable  bitumen  tanks.  The  plant  was  driven  by  a  15 
h.  p.  steam  engine,  and  was  situated  on  a  railway  siding, 
an  average  distance  of  1%  miles  from  the  site  of  the  work. 

A  reference  to  the  chart  will  show  that  the  contract 
was  spread  over  11  months,  and  thus  embraced  a  cycle  of 
the  seasons.  Allowing  for  the  reduced  hours  of  daylight 
in  the  winter  months,  it  will  be  seen  that  a  fair  output 
was  maintained  from  the  plant,  the  abnormal  March  (the 
wettest  with  one  exception  in  100  years  according  to  the 
observatory   records)   being  the  sole  period  during  which 


ditions  is  probably  justified  by  the  fact  that  this  type  of 
asphalt  is  always  put  down  in  a  single  layer  upon  a  Port- 
land cement  concrete  foundation,  and  is  somewhat  absor- 
bent of  moisture  until  full  compression  under  traffic  is 
obtained. 

Asphalt  and  Water  Absorption; — The  difference  between 
rock  asphalt  and  mechanically-mixed  asphalt  in  regard  to 
water-repellency  at  the  time  of  laying  is  sharply  brought 
out  by  a  laboratory  experiment  the  writer  recently  car- 
ried out.  A 'small  amount  of  each  kind  of  asphalt  was 
taken  in  a  loose  condition  and  agitated  in  an  equal  quan- 
tity of  water  for  30  sec.  in  a  test  tube.  The  rock  asphalt 
(Sicilian)  contained  10.5  per  cent  ot  sol  ible  bitumen.  The 
mechanically-mixed  asphalt  contained  11.7  per  cent  sol- 
uble bitumen  (Trinidad).  After  agitation,  both  samples 
were  allowed  to  filter  for  1%  hours.  At  this  point  the 
rock  asphalt  showed  67  per  cent  of  moisture  and  the 
mechanically    mixed    asphalt   29.9    per   cent.     The    samples 
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were   then    placed   In  an  air   bath   at    220     Kahr.   for   half  RoaH    Mill  nt^ nil nno  Crtntft  in 

an  hour.     It   was  then   found  that  the  mechanically   mixed  IVt^dU    IVidlllieildllCe  ^0!»i:!»  ID 

asphalt    hud    thrown   off   all    Its    moisture    with    the    excep-  Washin^tOfl 

lion   of  i:.,'i   per  cent,   while   the   rock   asphalt    powder   Htlll  " 

held  1:9.8  per  cent.     Thus  It  will  be  seen  that  not  only  was  I»iiriii>;   the   11'   iiuuith.s     June   1.   I'.'IT.  to   .May   Zl.   lais.— 

the   rock   asphalt    In   this   condition    far   more   absorbent   of  "  '°"''  "'  $4:!u.l»s   was  expended  for  hishway   maintenance 

water,   but  that   it  gives  off  its  moisture  more  slowly  than  ""   ">»  Primary   state   routes   of  Washington.     This   makes 

the  mechanically  mixed  asphalt.  "•>  average  expenditure  of  1327.84  per  mile  for  all  classes 

These    conclusions   are    in    no    way    intended    to    impugn  "'  highways      This  figure,  stated  Mr.  G.  F.  Cotterlll.  Chief 

the  quality  of  compressed  rock  asphalt.     On   the  contrary.  Engineer  of   the   Washington    State    Highway    Commission, 

the   writer   believes   this  type  of  construction   to   represent  '•»   ^   paper   presented    before   the  Joint   Convention   of   the 

the   highest   standard   of   asphalt    paving   for   heavy    tratflc.  Washington   County    Highway    Engineers   and    Commission- 

It    is    merely    intended    to    put    forward    reasons    why    the  ^^^-   i*"    believed    to    be    high,   on   account   of   the    fact   tha: 

prejudice   of  engineers  against   the   laying  of  rock   asphalt  '°   anticipation  of  the   new    maintenance   law    becoming   ef 

in  rainy   weather  need  not  necessarily   be  extended   to  the  fectlve  June  7.  1917,  practically  all  the  spring  maintenance 

modern    two-coat    mechanically-mixed   asphalt.     This   latter  ""^  ^"^^  "P  "it"  'hat  date.     Thus  the  heavy  maintenance 

form    of   asphalt,    consisting    as    it    does    of    fine    partlcle<?  f^""  '^'°   spring   periods   was  carried  on   in  one  year.     The 

coated    with    an    adhesive    film    of    bitumen.    Is    obviously  Present   high    prices    have   also   had    their   effect   upon    the 

more    water  repellent   at    the   time   of   laying   than   rock   as-  Apures.    and    .Mr.    Cotlerill    believes    under    normal    condl 

phalt   powder   with   its  light   impregnation  of  bitumen,  and  "on^    'he    annual    charge    may    be    brought    down    to    J200 

thu?    lends    itself    more    readily    to    successful    application  P^*"  mile. 

during  rainy  weather.     Moreover,  in  the  two-coat  work  the  The    expenditures    per    mile    in    the    12    months    on    the 

bottom   layer   of   asphaltic  concrete  or  "binder'   acts  as  a  various   classes   of   pavement,   according   to    Mr.   Cotterlll's 

key  for  the  wearing  surface  or  "topping."  even  when  rain  paper.  were  as  follows: 

is  falling,  and  also  serves  to  a  large  extent  to  drain  away  .orkk  pavement                                                                     ^tiAsi^S^ 

any  surface   water.  f'oncret<>   pavement   !!.!...!.!!!!!!!!!!!!!!!  !.!i  ii  i! !!!!.'! !     '  83!«5 

Sheet   asphalt    60.73 

.\sphaltic   concrete    25.89 

-n  -J-      -.     *  -r*     ...  JO     tJi  tBltulithir    ( Warrenlte)    417.15 

Providing  for  Returned  Soldiers  Ritummous  macadam jss.gi 

Waterbouiul   macadam   327.46 

1    have    thouRht    of    the    men    who    will    come    back    after       Ground   surfacing   368.70 

the   war.      Every   nation   has   had   a   problem    to   deal   with      "^ ''""''''  *'''"''  ^'""^®  ^50.67 

the    returning    soldier.      If    you    read    Ferraro's    history    of  'LarBe  repair  expen.>ie  replacing  broken  sections  due  to  settle- 
Rome,  you  w  ill  find  that  one  of  the  chief  reasons  why  the  "it'"t  and  other  defects  in  original  construction. 

republic   of   Rome   went   out   of   existence   and   the   empire  ,,4Pi?''  l^^'ii^V.^o'iS^^dl  oVU!'*^  Warrenlte   north   froin   Seattle 

.  „                         ,               ,                          .                    ,     ,                       .  Iti83.4.{  per  mile):  also  repalrlne  workeil  out  section.   $361.65  per 

of  Rome  came  into  existence  was  because  of  the  returned  mile:  reinainder  cost,  $85.r.9  per  mile. 

soldiers.     They    looked   to   their  general    to   take   care   of  Mr.  Cotterill  commented  as  follows  on  the  maintenance 

them    on    their   return,   and    their   general    found    that    the  features: 

way  to  take  care  of  them  was  to  give  them,  as  they  said  The   statement    of   expenditures    segregated    by    types   of 

in  those  days,  "bread  and  circuses,"  and  so   they   reached  pavement    or    surfacing    present    an    interesting    field    for 

over  into  Egypt,  got   the  great  wheat  supply  of  that  coun-  comparative  study  of  general  features.     The  first  five  clas- 

try.  and  provided  the  great  circuses  that  are  historical,  for  sifications  include  what  are  commonly  referred  to  as  hard- 

ihe  amusement   of  those  people.  surface  pavements.     For  purposes   of  comparison,  it    must 

The  emperor  of  Germany  10  years  ago  was  asked  why  he  be  recognized  that  the  brick  and  bitullthic  roads  tabulated 
wa.s  unwilling  to  agree  to  a  demobilization  of  his  forces  or  to  were  extensively  repaired,  being  practically  reconstructed, 
a  reduction  of  his  army  and  he  said  because  it  would  de-  Eliminating  these,  it  can  be  broadly  stated  that  the  an- 
moralize  the  industries  of  Germany.  They  could  not  re-  nual  upkeep  of  approximately  150  miles  of  primarj-  high- 
absorb  so  many  men  without  reducing  wages  and  throw-  ways  covered  with  hard  surfaces  was  from  $.50  to  $100 
ing  upon  the  country  so  many  unemployed  that  it  would  per  mile.  In  sharp  contrast,  the  next  three  classifications, 
make  aganist  the  welfare  of  the  land.  We  will  have  that  including  the  various  types  of  oil-  and  water-bound  maca- 
problem  to  deal  with.  dam,   crushed    rock   and    gravel    surfacing,   covering   nearly 

Now  that  this  thing  is  over  our  men  will  begin  to  come  1,100   miles,   cost   from    $2u0   to  $3.i0   per   mile.     Here   is   a 

back    into   the   United    .States.     But   not   all    at    once.     We  distinct    cap  of   $200   to   $300   per    mile   for  annual    mainte- 

won't   have   three  or   four   million    men   to   deal    with    in   a  nance  cost,  between  the  hard-surface  and  macadam  gravel 

single  month.     We   will  have  them  slowly   returning  to  us  groups.      Furthermore,    it    is    evident    that    this    contrast 

through  a  year  or  a  year  and  a  half.     As  those  men  come  does  not  fully  measure  the  gap.  because  the  150  miles  of 

filtering  in  through  our  ports  we  ought  to  be  able  to  meet  hard-surface    pavement     cover     highway     sections     which 

every  man  at  every  port  with  the  statement  that  he  does  carry   double  or  triple   the   traffic   that   is   carried   by   the 

not  have  to  lie  idle  one  single  day.     We  ought  to  be  able  other  group. 

to  say  to  the  man.  "Here  is  something  that  you  can  do  at  A  study  of  the  highways  by  counties  shows  that  the  an- 
once.  If  your  old  position  is  not  vacant,  if  you  cannot  go  nual  maintenance  cost  has  varied  from  $7.">  to  $900  per  mile, 
home  to  the  old  place  and  take  up  the  work  that  you  and  that  this  variation  Is  directly  proportional  to  the 
were  in.  then  the  government  of  the  United  States,  In  amount  of  traffic.  It  seems  safe  to  conclude  that,  if  the 
its  wisdom,  has  provided  something  which  you  can  do  at  hard-surface  pavement  mileage  had  been  of  the  macadam 
wages  tipon  which  you  can  live  well." — From  an  address  and  gravel  type,  the  annual  cost  for  upkeep  would  have 
by  Franklin  K.  I.ane,  Secretary  of  Interior,  at  a  confer-  averaged  more  than  $600  per  mile.  Therefore  at  least 
ence  Sept.  17  of  the  Regional  Chairmen  of  the  Highways  $,-,00  per  mile,  or  the  equivalent  of  5  per  cent  interest  on 
Transport  Committee,  Council  of  -National  Defense.  :,  $10,000  Investment,  Is  being  saved  wherever  a  properly 
huiit    hard-surface    pavement     has     replaced    macadam    or 

Post  War  Priority  in  Great  Britain.— The  British  Govern-  Kravel  on   heavy   traffic  highways. 

ment  lias  appointed  a  standing  council  upon  post-war  prior-  During    the    six    years    preceding    1917    the    Washington 

Ity   to   consider  all   questions   connected   with    priority   and  program   of  good   roads  had   resulted   in   about    1.2.50   miles 

the  allocation   of  materials  and   machinery   where  a   short-  of   construction    along   the    primary    state    highway    routes, 

age  Is  to  be  anticipated.     The  Council  will  ccmslst  of  repre-  of    which    ."^no    miles   had    been    Improved   by   the  counties 

sentatlves  of  industry  and  commerce  and  of  labor,  together  under    the    permanent    highway    law.      The     counties     had 

with    representatives    of   certain    Government    departments.  also    constructed    about    400    miles    of    permanent    highway 

and  upon  broad  questions  of  policy  will  be  under  the  dlrec-  on   the  secondary   state  routes  and   at   least   350  additional 

tlon  of  a   Committee  of   Ministers.     Representative   bodies  miles  from  the  proceeds  of  county  bond  issues.     This  gave 

of  the  industries  roncemed  will  he  consulted  by  the  Coun  a   total   of  about    2,000   miles   of   highway,   representing   an 

rii  investment  of  at  least   $15,000,000 
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Reinforced    Concrete    Track    for 
Testing  Motor  Trucks 

One  of  the  first  concrete  testing  tracks  built  by  a  motor 
truck  company  has  been  completed  recently  by  the  Diamond 
T  Motor  Truck  Co.  at  its  Chicago  plant.  The  track  was  con- 
structed for  the  primary  purpose  of  trying  out  trucks  being 
manufactured  for  the  Government.  It  also  will  serve  for 
all  testing  requirements   of  the   company.     The  track  was 


Fig.    1 — Section    on    Curve. 


build   adjacent  to  the  factory,   being  separated   from  it  by 
reinforced  concrete  loading  platforms. 

In  design  the  track  consists  of  two  straightaways  approx- 
imately 500  ft.  long,  each  connected  by  curves  at  the  ends. 
The  shape  of  the  curves  is  governed  more  by  existing  build- 
ings, railway  loading  tracks  and  other  limitations  than  from 
the  standpoint  of  theoretical  design.  On  curves  and  their 
approaches   where   a   super-elevation   was   begun,   the  track 


Fig.    2— Section    at     IVliddle    of    Straightaway    Showing     Shoulder. 

was  given  a  uniform  slope  without  any  crown  and  concrete 
was  made  uniformly  8  in.  thick;  elsewhere  it  was  6  in. 
thick  at  the  edges  and  8  in.  in  the  center  with  2-in.  crown. 
Width  was  also  gradually  increased  from  20  ft.  on  the 
straightaways  to  30  ft.  on  the  curves.  On  the  sharp  curve 
10  in.  super-elevation  was  given  by  gradually  depressing 
the  inside  and  raising  the  outside.  On  the  other  end  of  the 
track  it  was  gradually  depressed  about  8  in.  as  here  it  was 


Angle  Edit: 


d^ 


Fig.  3 — Section   at  IVliddle  of  Straightaway  on   East  Side,   Showing 
Retaining   Wall  for   Platform   and   Section   of   Platform. 

necessary  that  the  pavement  adjoining  be  kept  as  level  as 
possible. 

Subgrade  and  drainage  were  given  proper  attention.  A 
fill  of  from  18  in.  to  2  ft.  was  required  on  most  of  the  area 
where  the  track  was  laid.  This  fill  consisted  of  slag  ob- 
tained from  nearby  industries,  foundry  sand  and  cinders.  A 
]  2-ton  roller  was  used  to  compact  the  subgrade. 

Drainage  was  provided  by  laying  three  lines  of  6-in.  tile 


Fig.    4 — Slab    Reinforcement    on    Straightaway. 

with  suitable  outlets  into  existing  sewers,  four  inlets  being 
provided  aside  from  the  two  which  drained  the  pavement 
near  the  plant  administration  building. 

The  concrete  was  proportioned  1:2;3V2.  Beloit  sand  and 
pebbles  constituted  aggregates.  The  latter  were  graded 
from  %  to  2  in.  Reinforcement  consisted  of  %  in.  square 
twisted   bars,    placed    circumferentially    around     the    slabs, 


which  were  30  ft.  long.  The  pavement  was  finished  with 
belt  and  roller,  a  split  roller  being  used  at  joints  to  insure 
continuity  of  even  surface  at  these  points. 


Equipment  and   Gang    Organization  for 

Constructing  Concrete  Base  for 

Pavements 

Labor-saving  devices  for  handling  aggregate  in  the  con- 
struction of  the  concrete  base  for  pavements  are  employed 
to  a  considerable  extent  at  Buffalo,  N.  Y.  Two  methods 
which  have  given  good  satisfaction  were  described  by  Mr. 
George  F.  Fisk,  assistant  engineer.  Department  of  Public 
Works  of  Buffalo,  in  a  paper  presented  at  the  recent  con- 
vention of  the  American  Society  for  Municipal  Improve- 
ments. 

In  one  of  these  methods  the  aggregate  is  distributed  along 
one  side  of  the  street  at  the  rate  of  1  cu.  yd.  for  5i/4  sq.  yd. 
of  surface  to  be  concreted.  The  material  is  raised  to  an 
elevated  bin  by  a  clam  shell  bucket  operated  by  a  crane. 
From  the  bin  it  is  discharged  through  sliding  doors  into 
measuring  bins  and  thence  by  sliding  doors  over  an  apron 
into  the  mixer  hopper.  The  whole  outfit  is  moved  along 
as  the  work  progresses,  the  crane  leading.  The  gang  with 
this  outfit  is  as  follows: 

4  men  handliner  clamshell    V.ucket. 

2  men  on  apron. 

1  man   operatingr   slide   doors. 

1  engineer  on  crane. 

2  fine  graders  ahead. 

2  men  unloading  cement. 

1  man  wheeling  cement. 

1  man  dumping  cement    into  hopper. 

1  man  for  bucket   boom. 

4  men  grading   concrete   behind  mixer. 

1  mixer    engineer. 

1  fireman. 

1  foreman. 

This  gang  of  22  men  will  lay  about  1,200  sq.  yd.  of  6-in. 
concrete  base  per  day  at  a  labor  cost  of  about  12  ct  per 
square  yard.  Each  batch  (12  cu.  ft.)  is  given  14  revolutions 
of  the  drum,  which  revolves  at  the  rate  of  24  revolutions 
per  minute. 

In  the  other  method  the  aggregate  is  placed  along  the 
street  in  piles  about  1.000  ft.  apart.  When  possible  these 
piles  are  located  at  every  second  cross  street.  The  mixer, 
storage  bin,  measuring  box  and  crane  are  set  up  close  to 
each  pile  in  succession.  The  concrete  is  discharged  directly 
from  the  mixer  into  2  batch  cars  which  run  over  a  narrow 
gauge  track  on  the  subgrade  to  the  point  of  deposit.  The 
cars  are  hauled  by  a  horse,  two  cars  being  moved  at  a  time. 
The  gang  under  this  arrangement  is  as  follows; 

2  men  on  fine  grading. 

4  men  dumping  cars  and  grading  concrete. 

4  men  handling   cement. 

1  man  on  mixer  acting  as  engineer  and  bucket  man. 

1  man  on   measuring  box. 

1  fireman. 

1  engineer. 

2  boys  for  driving  horses. 
1  foreman. 

This  gang  will  lay  between  500  and  700  sq.  yd.  per  day, 
depending  upon  the  distance  the  concrete  is  hauled,  at  a 
labor  cost  of  13  ct.  per  square  yard. 


Suggests  State  Tax  on  Automobiles  to  Provide  Funds  for 
2,000  Miles  of  Road. — In  a  paper  presented  at  the  recent 
convention  of  the  County  Commissioners  of  Georgia,  Mr. 
W.  R.  Neal,  State  Highway  Engineer,  suggested  financing 
the  construction  of  2,000  miles  of  hard  surface  roads  by 
placing  a  special  tax,  averaging  $20  on  each  automobile  and 
truck  in  the  state.  He  stated  that  this  tax",  when  bonded, 
would  provide  $40,000,000.  which  should  be  spent  in  the  next 
five  years.  Under  the  plan  proposed,  the  properly  located, 
graded  and  drained  roadbed  would  be  furnished  at  the  ex- 
pense of  the  county,  while  the  surface,  estimated  to  cost 
about  $16,000  per  mile,  would  be  paid  for  by  the  automobile 
tax. 


Southern  Appalachian  Good  Roads  Association  Postpones 
Convention. — The  convention  of  this  association  which  was 
to  have  been  held  Nov.  17  to  21  at  Asheville.  N.  C.  was 
postponed  on  account  of  the  epidemic  of  influenza. 
A  D.  Williams,  Charleston,  W.  Va.,  is  President  of  the  as- 
sociation. 
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State  Highway  Construction  in      First  Year's  Operation  of  Bureau  of 
New  York  in  1917  Street  Cleaning  of  Philadelphia 

Only  91.9t;  miles  of  n..-w  highway   was   pluceil  uuUor  con  <"'    -'^'•'>     ■•■    ^''^'-    »"    orJinaiKe    si-i't-nting    the    Bureau 

tract   m    1917   bv   the   State   Illghway    fommlBslOn   of   Nev.  of    Highways    and    Street    Cleaning    of    I>hllaaelphia    and 

York,  accordingto  an  advance  proof  of  the  report  of  H.  E.  "eating  the  Bureau  of  Street  Cleaning  was  approved.  The 

Breed.    First    Deputy    Commissioner,    for    the    year    ending  new  bureau  begatj  Its  w-ork  on  May  14.     Its  operations  dur- 

.    ,r....      n,.J    ...      ...,.■.                           I  ing   191i    are   outlined    in   the   annual   report   of   Robert   C. 

Jan    1.  1918.     The  following  tabulation  shows  a  comparison  „,^,^^    ^.^,^j  ^^  ^^^  ^^            ,^^^  ^.^,^^  ^^^  following  notes 

of  the  work  of  191b  and   191,:                           ^^^^^^             ^^^^  are  abstracted: 

Miles.          Mllca.  Inspector's    Daily    Reports: — One    of    the    first    changed 

Actuully  coinpleied  and  jic<>-pted  during  the  yi-ar   .■.09. 9<          410.02  made  was  to  modify  the  form  of  inspector's  daily  reports, 

Thrre  wer"'o?llitally"m?di-r  "iom^^^^                                             l.lloiTO  SO  that  a  complete  olllce  record  would  result  of  the  dally 

l-hysUally    completed,    but    not    accepted,    esti-  physical  conditions  of  the  City.     This  was  not  accomplished 

.nated.  Dec.  31  .".30.00         609.26  ^.jthout  considerable  study,  and  the  resulting  reports  have 

The  amount  of  work  placed  under  contract,  91.96  miles,  proved  their  worth,  and  their  use  will  be  continued  In  the 

is  Insiirnldcant  in  comparison  with  previous  records.     More  year  191S. 

work  than   this   was  advertised,   but  bidders  were  deterre.l  Yardage    of    Streets   Cleaned:~-The   figures   of   the   yard- 

^y  general  conditions,  which  intensified  obstacles  that  had  age   to   be   cleaned   In    191S   are   considerably    in   excess   of 

already    seemed    insurmountable;     scarcity    of    labor,    lack  the    figured    yardage    for    1917.      Only    a    part    of   this    can 

of    supplies,    difficulties    of    transportation,    constantly    in-  be    accounted    for    by    the    increase    due    to    newly    paved 

creasing   cost    of   materials   and    workmen,    the   inefficiency  streets.      These    figures    have   been    carefully    revised,    and 

of  such   labor  as  could  be  obtained  and  the  uncertainty  of  from    this    result    adequate    cleaning    equipment    has    been 

where  the  market  would  go  next.     Many  contractors  were  Provided,   based    upon   the   unit   cleaning   capacity   of   each 

unable  to  get   bonds,   because  some   of  the  surety  cpmpa-  '''"'*  °'  eQulPment- 

Averacc  dally  yardage  cleaned  1917 10,945,800  sq.  yd. 

" Average  daily  yardace  to  be  cleaned  1918 1I.322,S20  sq.  yd. 

T.\BLE  I— AVERAGE  COSTS  OF  16-26  FOOT  HIGHWAY.  New    Ash    and    Rubbish    Equipment: — One    new    type    of 

(Exclusive   of  engin'-erlng  and   advertising.)  equipment   and   a   modification   of  a   type   adopted   last   year 

W.  B.  were   introduced   this   year;    the   first,   an   ash   wagon    with 

Year.                                   macadam   Bit  mac    F  cone      Brick  •^^e   Philadelphia   sliding  steel   covers,  and  th^  second,  the 

]l\*   *}o'ooo        *l"'ooo       *"'^<*"       J25,36o  modified  Philadelphia  type  ash  truck. 

1916   !..'!.'.'.'.'.".".'.'.'.'.";.'.".'.'.".'.'.".'  iileoo         i3,';oo         isiooo         27,'75u  '^'^e   sliding  steel  covers   are  adaptable  to  any  standard 

1*1'    • :;i:v  12.100         14,'650         is,'l50         291800  type  ash   wagon  or  truck.     The  advantage  derived   is   that 

Per  cent  decrease  191.=;  1914.         9.,=;              17.9                0.7                4  4  •             »       i-   ..      ..■        .     ^^        .  j                                  ■.  •     ,              ,v. 

Per  cent  Imrease  1916  1914..        6.0              2.2            11.1              97  "*  contradistmction  to  the  old  canvas  covers  it  is  impossible 

Per  cent  Increase  1916  1915..      leio            2415            ii!9            14!7  to   have   more   than   onehalt  of   the   vehicle   uncovered   at 

Per  cent  increase  1917  1915!!      2i!o            33!2            35!5            231  ^  given  time,  eliminating  to  a  minimum  the  dust  nuisance 

Per  cent  Increase  1917 '1916..         4.3  0.7  21.0  7.3        

TABLE   11— AVERAGE   COST   OF   ITEMS. 
(Compiled  from  bid  prices.) 

„„„                                                                         „  6"  vlt.  C.  I.  Bot.  Cone.  F.  con.  Brick  Bit.  mat. 

,„,-                                                                                R^l-  Drain.  Pipe.  S.  con.  Relnf.  stone.  found.  pavt.  pavt.  "T." 

"!?     *SJS  '5x0  W3.00  $7.70  $0.07  $3.0C  $5.00  $6.42  $1.40  $0,120 

JJJ5     0  52  0.21  39.00               8.08             0.07             3.33  5.45  6.99  1.55  0.123 
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nies  issued  a  blanket  refusal.  The  year  showed  many  fail- 
ures for  which  contracts  have  had  to  be  canceled. 

.■\fter  a  number  of  futile  advertisements  from  which  no 
bids  were  received,  it  was  decided  that  there  was  enough 
work  under  contract  to  utilize  all  the  labor  that  would  ha 
available  and  all  the  materials  that  could  be  procured. 
The  Department  also  had  a  large  amount  of  repair  work 
that  was  more  necessary  than  construction,  so  it  was  de- 
cided that  lettings  should  stop. 

The  increasing  number  of  canceled  contracts,  the  In- 
ability of  some  contractors  to  complete  work  and  the  dila- 
tory Uictics  of  others  resulted  in  many  roads  being  torn 
up  and  left  impassable.  Nun!bors  of  them  were  in  such 
shape  last  year  as  to  cause  serious  inconvenience  And  loss 
to  the  public.  On  the  most  important  of  these  roads,  such 
as  a  through  route  connection,  the  Commission  organized 
contractual  forces  and  did  the  work  itself.  Sixteen  con- 
tracts were  taken  care  of  in  this  way  which  at  contract 
prices  represents  $1,140.49.'?.  Of  the  amount  of  work  thus 
taken  oier.  the  Commission  did  work  representing  $440,- 
074.  completing  six  contracts  while  two  were  in  such  shape 
that  they  were  to  be  completed  before  July  1,  1918. 

In  many  cases  where  work  was  not  canceled  it  was 
necessary  to  do  a  large  amount  of  temporary  work  lo  keep 
the  roads  in  passable  condition  for  use  by  the  public.  Thl*-- 
was  done  bv  the  Commission's  forces  whenever  it  was  im- 
possible to  get  the  contractor  to  move  ahead. 

Table  I  shows  the  average  cost  of  lfi-26ft.  highways  and 
Table  II  shows  a  comparative  cost  of  Items  compiled  from 
bid  prices: 


while  loading.  The  arrangement  of  the  covers  also  af- 
fords opportunity  for  loading  from  both  sides  simultane- 
ously. 

The  modified  Philadelphia  type  ash  truck  is  of  consider- 
ably greater  capacity  than  last  year,  as  the  covers  have 
been  raised  at  the  center,  allowing  the  addition  of  about 
2  cu.  yds.  These  covers  are  hinged  along  the  center  line 
of  the  truck  and  in  the  middle  of  each  individual  cover. 

Payments  for  Clean-up  Week  Work: — .-V  departure  has 
been  made  in  prescribing  the  method  to  be  employed  in 
making  payment  for  this  work.  In  the  past,  payment 
was  based  upon  loads  in  excess  of  a  weekly  average  of 
loads  lor  the  weeks  immediately  preceding  and  succeed- 
ing Cleanup  Week.  The  practical  application  of  this  pro- 
cedure resulted  in  disputed  claims.  In  the  191S  contracts 
the  compensation  Is  incluaed  In  the  price  bid  for  collec- 
tion and  disposal  of  ashes  and   rubbish   for  the  year  1918. 


Combined  Collection  Days:  —  Departure  from  the  practice 
of  a  few  years  has  been  made  in  the  collection  of  ashes 
and  rubbish  from  separate  days  to  the  same  day  in  given 
districts.  None  of  the  advantages  of  collecting  on  separate 
days  will  be  lost,  as  the  refuse  will  be  placed  In  separate 
receptacles  and  removjnl  in  separate  vehicles,  but  the  great 
disadvantage  of  the  resultant  dirt,  due  to  separate  collec- 
tion days,  will  be  confined  to  one  instead  of  two  days. 
The  amount  of  salvage  from  rubbish,  which  has  never 
been  a  source  of  revenue  to  the  City  under  the  separate 
day  collection,  is  not  Impaired,  due  to  the  continued  use 
of  separate  receptacles  and  vehicles.  The  nuisance,  how- 
ever, of  the  "scavenger,"  who  In  his  effort  to  reclaim  any 
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waste  of  value,  disturbs  the  contents  of  the  container  and 
scatters  it  on  the  street,  has  not  been  decreased. 

Motor-Driven  Versus  Horse-Drawn  Ash-Collecting  Ve- 
hicles:— The  unusually  severe  weather  conditions  that  exist- 
ed during  practically  the  entire  month  of  December  af- 
forded an  excellent  opportunity  for  a  comparative  obser- 
vation of  the  relative  merits  of  motor-driven  and  horse- 
drawn  vehicles  for  the  collection  of  ashes.  The  accumu- 
lated temperature  deficiency  for  December  was  298°,  equiva- 
lent to  a  daily  deficiency  of  almost  10",  and  the  precipita- 
tion was  practically  normal.  These  combined  resulted  in 
very  slippery  highway  pavements.  It  became  apparent  at 
the  outset  that  horse-drawn  ash  wagons  could  not  be  oper- 
ated at  anywhere  near  their  normal  capacity,  due  to  this 
precarious  footing,  and  motor  trucks  were  requisitioned 
for  the  service — a  few  at  first,  but  with  the  continued  se- 
vere weather  and  adverse  pavement  conditions  the  num- 
ber of  motor  trucks  used  was  increased,  and  the  number 
of  horse-drawn  vehicles  decreased,  until  the  condition  was 
reached  in  some  of  the  most  seriously  affected  sections 
of  the  City  where  the  motor  truck  almost  entirely  sup- 
planted the  horse-drawn  wagon.  One  of  the  features  of 
this  situation  was  that  one  truck  would  do  the  work  of 
several  teams,  where  the  hauls  to  the  dumps  were  long, 
and  all  the  hauls  are  getting  longer  as  the  City  builds 
up.  Still  another  was  that  the  better  paid  chauffeurs  were 
willing  to  face  the  inclement  weather,  when  the  poorer 
paid  horse  driver  would  not  come  out,  resulting  in  hun- 
dreds of  the  contractors'  teams  standing  in  the  stables, 
while  these  contractors  were  compelled  to  hire  motor-driven 
equipment  to  remove  the  ashes. 


After  the  War  Highways 

There  may  have  been  reasons  for  lack  of  preparedness 
for  war.  There  is  no  excuse  for  lack  of  preparedness  for 
peace.  Now-  is  the  time  to  lay  out  extensive  systems  of 
highways,  secure  all  necessary  rights  of  way,  and  meet 
legal  requirements,  many  of  which  necessitate  months  or 
even  years  of  negotiation.  There  is  ample  opportunity  for 
most  of  this  work,  but  the  time  will  arrive  when  an  emer- 
gency exists,  and  then  it  will  not  be  practicable  to  care- 
fully consider  all  of  these  details.  There  will  be  urgent 
demand  for  immediate  construction  in  order  to  utilize  tem- 
porarily an  excess  of  labor,  such  as  may  result  from  sud- 
den cessation  of  war  activities.  It  has  been  well  said 
that  while  "thousands  who  would  cheerfully  die  for  their 
country  in  the  stress  of  war,  would  furiously  resent  going 
hungry  in  time  of  peace."  their  resentment  will  be  heard 
in  no  uncertain  terms  if  we  are  not  ready.  It  will  be 
to  the  disgrace  of  those  now  in  power  if  "the  surviving 
warriors  who  were  willing  to  die  for  their  country  find 
themselves  unable  to  procure  a  living  in  it." — Prof.  F.  H. 
Newell  in  November  Concrete  Highway  Magazine. 


Quantity  of  Water  for  Concrete 

In  a  paper,  "The  Effect  of  Time  of  Mixing  on  the  Strength 
of  Concrete,"  presented  at  the  last  convention  of  the 
American  Concrete  Institute.  Prof.  Duff  A.  Abrams  of  the 
Structural  Materials  Research  Laboratory  of  Lewis  Insti- 
tute. Chicago,  gives  the  following  suggestion: 

The  only  safe  rule  to  follow  with  reference  to  water 
in  concrete  is  to  use  the  smallest  quantity  of  mixing  water 
which  will  give  a  plastic  or  workable  mix,  then  provide 
plenty  of  moisture  for  the  concrete  during  the  period  of 
curing,  which  follows  setting  and  hardening  of  the  con- 
crete. 


Illinois  Votes  $60,000,000  Bond  Issue  for  Roads.— By  a 
majority  of  nearly  200.000  votes  the  citizens  of  Illinois  on 
Nov.  5  authorized  a  $60,000,000  bond  issue  for  constructing 
4,000  miles  of  highway.  Plans  tor  some  500  miles  of  high- 
way already  have  been  completed  by  the  State  Highway 
Department,  and  it  is  hoped  to  be  able  to  begin  construc- 
tion in  the  spring  on  800  to  1,000  miles  of  the  hard  surface 
road. 


Self-Feeding  Bucket  Loader  Facili- 
tates Handling  Crushed  Rock 
on  Paving  Job 

By  using  a  self-feeding  bucket  loader  for  rehandling 
crushed  rock,  Ryan  Brothers,  the  contractors  for  paving 
North  Broadway,  in  Chicago,  have  been  able  to  considerably 
reduce  the  cost  of  getting  the  stone  for  the  ti-in.  concrete 
base  to  the  mixer.  The  stone  was  dumped  in  piles  along  the 
sub-grade  in  accordance  with  the  usual  practice.  Instead, 
however,  of  shoveling  from  the  piles  into  wheelbarrows,  the 
bucket  loader  was  used  to  elevate  the  material  into  a  bin 
attached  to  the  front  end  of  the  machine,  from  which  the 
wheelers  obtained  their  supply.  By  this  plan  fewer  shovelers 
are  needed  and  less  time  is  required  for  filling  the  wheel- 
barrows. The  loader  moves  from  pile  to  pile  as  the  con- 
creting progresses. 


Self    Feeding    Bucket    Loader    Handling    Crushed    Rock   on    Paving 

Contjact.      Left    Hand    Insert    Shows    Feeding    Discs.      The 

Bin    Is   Shown    in   Other   Insert. 

Four  men  are  employed  at  the  loader — an  engineer,  a  man 
at  the  gate  of  the  storage  bin.  and  two  men  trimming  up 
around  the  feeding  discs.  Four  wheelers  convey  the  stone 
to  the  mixer.  On  similar  work  last  spring  the  gang  getting 
material  to  the  mixer  was  four  or  five  men  larger,  yet  it 
handled  15  to  20  per  cent  less  yardage  than  the  present  gang. 

The  loader  is  equipped  with  a  Novo  gas  engine,  which 
turnishes  the  motive  and  tractive  power.  The  machine  was 
brought  to  the  North  Broadway  contract  from  75th  St.  and 
Ashland  Ave.  a  distance  of  about  17  miles,  under  its  own 
power.  In  inoving  from  job  to  job  the  machine  can  make 
from  4  to  5  miles  an  hour.  The  machine  has  been  in  opera- 
tion since  June  5  and  in  that  period  4  hours  would  cover 
its  lost  time. 

The  loader  is  manufactured  by  the  Barber-Greene  Co..  of 
.Aurora.  111.     It  has  been  applied  to  a  wide  range  of  loadin.g 
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re<iuli-emL>nts,  but  Ryan  Bros,  were  the  first  to  employ  It 
ror  the  particular  service  described  above.  To  fit  It  for 
such  work  a  number  of  modifications  were  made.  Such  of 
these  changes  us  have  been  found  worth  keeping  have  been 
incorporated  In  the  present  deslKii. 

The  North  liroadway  Job  Is  an,  excellent  example  of  the 
skillful  use  of  labor-saving  machinery.  The  old  brick  pave- 
Mieut  and  its  macadam  base  were  ripped  up  wllh  a  Marlon 
■steam  shovel  and  loaded  Into  lOton  trucks.  The  shovel 
left  tile  sub-grade  In  such  condition  that  very  little  hand 
trimming  was  required.  The  concrete  Is  being  mixed  In  a 
Koehrlng  mixer,  equipped  with  a  20ft.  boom.  Labor-saving 
machinery  has  made  It  possible  for  the  contractors  to  get 
along  with  three  fifths  ot  the  ordinary  gang  for  such  work. 
It  has  further  enabled  them  to  accomplish  with  Inferior 
labor  all  that  they  did  before  the  war,  when  It  was  possible 
M)  tei  ;ill  the  Rood  men  needed. 


Widening   Concrete  Road  By  Bituminous 
Macadam  Shoulders 

llitiiniiuous  macadam  shoulders,  i  ft.  wide,  have  been 
constructed  by  the  Wayne  county,  Michigan,  Road  Com- 
missioners on  the  18  ft.  concrete  pavement  on  Woodward 
avenue,  in  order  to  relieve  traffic  congestion.  This  road 
has  been  carrying  over  10,iiOO  vehicles  a  day.  The  methods 
of  constructing  these  shoulders  is  described  in  the  recently 
issued  report  of  the  commission. 

A  trench  was  dug  on  each  side  ot  the  concrete  to  the 
subgrade,  approximately  7  ins.  deep  and  3  ft.  wide,  and 
limestone,  ranging  in  size  from  1  in.  to  2'^  ins.,  were 
placed  in  this  trench,  in  two  courses;  the  bottom  course 
was  thoroughly  rolled  and  water  bonded  before  the  top 
course  was  added. 

The  top  course,  after  being  leveled  and  rolled  once  with  a 
10-ton  roller,  was  sprayed  with  Tarvia-X,  under  steam 
pressure,  at  the  rate  of  about  1  %  gal.  per  square  yard 
Oranlte  chips  were  added  immediately  behind  the  hot  tar. 
Great  care  was  taken  to  sweep  the  edge  of  the  old  pave- 
ment perfectly  clean,  so  that  the  stone  would  adhere  to  the 
beveled  edge  of  the  concrete. 

After  this  work  was  done,  the  shoulders  outside  of  the 
penetration  macadam  were  trimmed  and  widened,  the 
ditches  regraded  and  cleaned,  catch  basins  being  placed  at 
all  low  points,  to  remove  surface  water  as  fast  as  it  ac- 
cumulated. 


Weather  Forecasts  for  Motor  Routes. — The  Weather  Bu- 
reau of  the  U.  S.  Departm-'iU  of  Agriculture  has  arranged, 
in  co-operation  with  the  State  Highway  Commission  of 
Pennsylvania,  to  aid  the  automobile  and  motortruck  traffic 
during  the  coming  winter  over  the  Lincoln  Highway  be- 
tween Pittsburgh  and  Harrisburgh  by  giving  out  daily  in- 
formation of  the  weather  conditions  prevailing  over  the 
route  and  issuing  weather  forecasts  and  warnings  of  heavy 
snows  and  cold  waves  for  the  region  traversed.  The  plan 
is  for  the  assistant  superintendents  of  highways  at  points 
along  the  route  to  report  to  the  Weather  Bureau  office  at 
Pittsburgh  at  8  o'clock  each  morning  by  telephone  or  tele- 
graph the  depth  of  snow  or  ice  on  the  highway,  giving  Its 
general  condition.  These  reports  are  published  In  the  news- 
papers and  furnished  to  the  different  automobile  clubs,  thus 
becoming  available  to  automobile  and  motor-truck  drivers 
passing  over  the  highway.  The  forecasts  and  warnings  are 
given  public  distribution  and  telegraphed  to  the  superin- 
tendent of  highways  at  Harrisburg.  who  gives  instructions 
to  his  forces  along  the  highway  to  make  provisions  for  the 
anticipated  weather  conditions.  This  service  was  In  opera- 
tion last  winter  and  gave  great  satisfaction.  The  Weather 
Bureau  is  ready  to  give  similar  service  to  other  traffic 
routes  as   may  be  desired. 


Spring  Breakup  of  Roads  In  New  York  State. — A  sur- 
vey of  the  breakups  In  the  New  York  state  highways  In 
1917  showed  that  If  these  bad  places  were  laid  end  to 
end  they  would  make  48  miles  of  Ifi  ft.  pavement.  This  is 
a  decided  Improvement  over  the  figures  of  lOlB  which 
showed  82  miles  of  disintegrated  pavement. 


Standard   Sizes  of  Crushed   Stone 

from  the  Standpoint  of  the 

Producer* 

By  R.  W.  SLllERER. 
.><fci-claiy.  WlHcoiiHin  fruMht-el  Sloiu-  .\8HiM'iailoii. 
The  movement  to  standardize  commercial  crushed  stone 
sizes,  inaugurated  by  engineers  of  the  Bureau  of  Public 
Roads,  should  be  aftd  will  be  heartily  welcomed  by  crusher 
operators.  Kconomic  plant  operation  is  not  the  producers' 
only  Interest  in  the  matter.  They  should  be  and  generally 
are  equally  interested  in  the  results  from  the  type  ot  con- 
struction involved  and  will  be  found  willing  to  sacrifice 
econonilc  operating  to  a  considerable  degree  to  gain  bet 
ter  results. 

It  is  difficult  to  see  what  a  further  survey  of  the  screen- 
ing practice  and  study  of  the  nomenclature  will  do  to  clear 
up  the  situation.  One  could  not  expect  to  arrive  at  a  typi- 
<al  set  ot  screens  by  counting  noses,  nor  by  finding  a 
majority  of  installations  that  are  alike  to  which  the  minor- 
ity would  conform.  It  is  also  to  be  regretted  that  the  in- 
vestigators found  it  "impossible  to  record  the  rate  of  feed- 
ing the  stone  into  the  screen."  That  the  nomenclature 
was  In  a  condition  of  "contusion  worse  confounded''  needed 
no  demonstration. 

How  Product  Varies. — To  define  a  grade  of  stone  all  are 
agreed  that  size  ot  screen  openings  through  and  over  which 
the  material  passes  must  be  stated.  When  these  are 
stated  the  product  may  still  vary  from  several  causes. 

First.  There  is  an  appreciable  difference  in  the  product 
of  round  and  square  perforations.  .\  hole  described  as  2 
in.  square  will  pass  a  larger  stone  than  a  round  one  2  in. 
in  diameter.  Square  perforations  are  still  used,  though 
to  a  very  small  extent  except  in  fine  screens.  It  would  be 
safe  to  confine  the  question  to  circular  holes;  where  square 
perforations  are  retained  they  must  be  made  the  equiv- 
alents of  circular  openings. 

Second.  It  makes  a  noticeable  difference  in  the  product 
whether  screens  are  stationary  or  revolving.  On  a  station- 
ary screen  the  stone  particles  slide  over  the  surface;  they 
are  held  on  their  longest  dimension.  In  a  revolving  screen 
I  he  stones  roll  and  can  and  do  go  through  holes  no  larger 
than  their  smallest  dimension.  The  difference  in  size  of 
product  is  so  great  that  the  stationary  screen  will  retain 
20  to  40  per  cent  of  material  that  has  been  passed  through 
a  revolving  screen  ot  the  same  size  perforations.  This 
means  that  the  specification  still  retained  by  some  engi- 
neers— naming  the  largest  dimension  as  the  determining 
one  Is  not  practicable,  since  stationary  screens  are  almost 
unknown  in  the  Industry.  If  engineers  knew  this,  they 
might  discontinue  the  practice.  They  could  guard  against 
"slivers"  by  other  means. 

Third.  It  makes  a  difference,  ot  course,  whether  a 
screen  ot  any  type  is  overloaded  or  not.  More  often  It  Is 
the  large  plant  that  has  Inadequate  facilities  for  separat- 
ing the  sizes.  Fines  are  carried  over  to  the  next  section 
having  larger  openings.  Thorough  screening  should  be 
understood  in  designating  sizes  and  how  thorough  it  should 
be  will  be  discussed  In  another  paragraph. 

Nomenclature. — Now.  then,  to  get  clearness  In  the  matter 
of  describing  sizes.  Let  us  describe  a  given  product  at 
least  technically  by  the  size  of  perforation  which  It  passed 
through  and  the  size  of  perforation  that  held  it  and  let  us 
imdorstand  thoroughly  that  the  figures  arc  for  a  round  per- 
foration, for  a  revolving  screen,  and  for  a  screen  of  suf- 
llcient  capacity  for  the  plant. 

And  if  we  can  best  describe  a  given  product  by  maxi- 
mum and  minimum  smallest  dimension,  for  technical  pur 
poses,  why  not  for  all  purposes?  'Why  should  there  be  the 
conflicting  nomenclature  of  numbers  and  more  or  less  de- 
scriptive names.  In  fact,  dimensions  are  the  one  descrlp- 
rion  th.Tt  now  are  universally  intelligible,  and  it  would 
seem  that  for  all  practical  purposes,  ordering  stone,  specl- 
fvlng.  invoicing,  and  all.  It  is  just  as  easy  to  refer  to  2-1  In. 
stone  as  It  Is  to  write  or  talk  about  23  or  medium  fine 
stone. 
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Probably  the  best  established  and  most  universal  sys- 
tem of  nomenclature  is  that  of  the  granite  crushers  both 
East  and  West  where  No.  1  stone  is  always  very  nearly 
2%,  1%,  and  %  in.  and  finer  called  No.  4.  It  would  be 
very  difficult  to  accustom  the  granite  trade  to  another  sys- 
tem of  numbers,  while  they  could  be  led  to  adopt  the  fig- 
ures limiting  the  sizes. 

Limiting  the  Number  of  Grades. — Once  we  have  mean's 
of  describing  grades  of  crushed  stone  and  it  would  seem 
that  with  the  above  understanding — 2-1  in.  stone  or  any 
other  size  would  mean  the  same  thing  everywhere — a 
further  understanding  could  be  arrived  at  between  the  pro- 
ducers on  the  one  hand  and  road  builders,  engineers,  and 
architects  on  the  other  hand  as  to  grades  that  should  be 
offered  by  the  former  and  demanded  by  the  latter. 

The  advantages  to  the  crusher  operators,  if  the  number 
of  grades  can  be  reasonably  limited,  are  manifest.  There 
can  be  no  question  that  there  has  been  on  the  part  of  en- 
gineers— less  of  road  engineers  than  of  the  specialists  in 
structural  concrete — considerable  academic  dogmatism 
about  sizes  for  certain  purposes — they  have  been  just  "fin- 
nicky."  But — and  this  is  from  the  quarryman's  standpoint 
as  well  as  the  engineer's — results  must  be  considered.  It 
Is  to  the  quarryman's  interest — and  some  of  them  can  see 
it — to  furnish  just  the  size  that  will  give  the  best  results. 
.It  is  incumbent  on  all  parties  interested  to  ascertain  how 
much  of  this  fastitliousness  is  justified  and  in  how  far  the 
results  in  road  or  concrete  are  affected  by  a  slight  varia- 
tion from  the  size  demanded  by  some  engineer  whom  the 
quarryman  thinks  pedantic. 

The  Demands  of  Engineering  Practice. — Here  are  some 
thoughts  from  the  standpoint  of  the  quarry  operator  who 
is  interested  in  results,  which  it  is  hoped  may  illuminate 
the  subject.  On  the  one  hand,  some  paving  engineers, 
using  stone  in  a  special  process  of  asphaltic  concrete  pav- 
ing, have  insisted  on  a  product  passed  through  a  screen 
%  in.  larger  or  %  in.  smaller  than  was  commercially  pro- 
duced. This  seems  to  be  pedantry  that  passes  for  scien- 
tific aggregating.  In  stone  above  1  in.,  %  in.  more  or  less 
can  make  no  possible  difference;  even  a  14-in.  variation 
seems  unreasonable  in  1-in.  and  larger  stone.  The  demand 
for  such  variations  can  be  eliminated. 

On  the  other  hand,  quarrymen  are  at  fault  when  they 
fail  to  recognize  the  imperative  necessity  for  good  screen- 
ing. And  here  is  where  they  should  consider  results. 
Stone  for  macadam  must  be  distinguished  from  stone  for 
concrete,  and  differently  prepared.  It  makes  no  differ- 
ence what  the  hardship  on  the  quarrymen  may  be,  results 
to  a  certain  extent  justify  the  sacrifice. 

The  distinction  can  be  simply  stated  in  this  way:  In 
macadam  stone  there  must  be  a  large  percentage  of  voids, 
while  in  concrete  stone  the  percentage  must  be  as  low  as 
possible.  To  elucidate,  no  road  builder  can  bind  a  crusher- 
run  stone.  Fines,  when  present  in  coarse  stone,  close  the 
interstices  and  prevent  the  entrance  of  the  binder  even 
when  that  binder  is  hot  tar.  How  much  more  must  these 
fines  prevent  the  entrance  of  stone  screenings  in  wa.ter- 
bound  macadam.  In  penetration  macadam,  road  builders 
have  had  to  discontinue  the  practice  of  dumping  loads  of 
the  top  course  stone  on  the  base,  because  as  the  load  is 
spread  with  shovels  the  "fines"  remain  on  the  spot.  The 
stone  "mats";  the  binder,  instead  of  covering  each  stone, 
spatters  on  the  mat;  the  binder  does  not  anchor  in  the 
body  of  the  course,  and  a  bald  spot  results.  A  large  per- 
centage of  failures  of  "poured  macadam"  is  due  to  poor 
screening.  Fines  should  not  be  tolerated  at  all.  The  en- 
gineers of  the  Bureau  of  Public  Roads  suggest  a  maximum 
of  15  per  cent,  but  10  per  cent  should  be  the  limit;  0  per 
cent  should  be  aimed  at. 

There  is  no  "finnickyness"  about  demanding  good 
screening  for  macadam.  Not  only  should  the  fines  be  re- 
moved but  the  range  of  sizes  in  any  one  grade  should  be 
restricted  as  much  as  possible  for  macadam  stone  and  as 
wide  as  possible  for  concrete  work.  Thus,  for  macadam, 
top  course,  2-lV2-in.  stone  is  better  than  2-1-in.  The  former 
being  more  even  sized  has  more  voids,  and  voids  are  what 
is  wanted. 

Screening  Concrete  Aggregates.— On  the  other  hand,  con- 
crete   aggregates    must    have    a    minimum    of    voids;     the 


greater  the  range  of  sizes  the  better  the  results.  Stone 
ranging  in  size  from  2  to  IVi  in.  has  .50  per  cent  of  voids. 
To  make  a  dense  concrete,  one-half  of  the  concrete  must 
be  mortar,  or  a  mixture  of  cement  and  fine  aggregates. 
Well-graded  stone  ranging  in  size  from  2  to  %  in.,  when 
intimately  mixed,  has  35  per  cent  of  voids  or  less,  leaving 
just  that  percentage  to  be  filled  with  mortar.  The  effi- 
ciency of  the  cement  in  the  latter  case  is  increased  from 
35  to  50,  which  means  over  40  per  cent. 

Tlie  proofs  for  this  are  abundant.  Whenever  and 
wherever  coarse  aggregates  have  been  tested  for  the  com- 
pressive strength  of  the  resultant  concrete  the  well-graded 
samples  have  stood  the  highest  tests.  In  fact,  from  the 
vast  number  of  experimental  tests  of  fine  aggregates,  in 
which  investigators  all  over  the  world  have  used  three 
sizes  designated  as  fine,  medium,  and  coarse,  plotting  their 
results  on  what  is  known  as  the  Feret  triangle,  it  is  evi- 
dent that  70  per  cent  of  the  largest  size  permissible.  20 
per  cent  of  the  medium,  and  10  per  cent  of  fine  results  in 
the  best  concrete.  Why  should  not  engineers  insist  that 
not  less  than  25  per  cent  nor  more  than  50  per  cent  of,  say, 
a  2-%-in.  concrete  aggregate  shall  pass  a  1-inch  and 
why  should  not  quarrymen  be  prepared  to  furnish  it? 

Again,  this  is  net  pedantry.  Why?  A  concrete  made  of  all 
2-in.  stone  and  an  ungraded  sand  is  an  absolute  failure,  it 
is  full  of  voids  and  can  be  worked  only  with  a  detrimental 
excess  of  water.  A  great  deal  of  similar  concrete  has  gone 
into  bases  of  pavements  and  it  is  to  be  wondered  at  that 
there  are  not  more  failures.  This  specification  would  be 
no  hardship  on  any  crushing  plant.  It  is  not  necessary 
that  the  two  or  three  sizes  required  be  mixed  in  a  bin; 
they  can  be  loaded  on  the  cars  or  trucks,  one  over  the 
other  and  would  be  mixed  in  unloading,  at  least  in  the  case 
of  cars  unloaded  by  shoveling.  Mixing  in  bins  is  undesir- 
able for  another  reason;  a  bin  full  of  mixed  sizes  does  not 
stay  mixed.  There  is  the  well  known  separation  by  grav- 
ity, the  large  pieces  always  rolling  to  the  outside  of  the 
pile.  If  the  bin  is  large  enough  a  rather  close  separation 
can  be  obtained  by  gravity. 

Must  Take  Concessions. — These,  then,  are  concessions 
which  quarrymen  must  take  for  the  sake  of  results,  thor- 
ough screening  in  macadam  stone  and  thorough  mixing  in 
concrete  stone  both  within  reasonable  limits.  That  state 
testing  engineers  and  chemists  are  willing  to  concede  the 
ridiculous  fractional  sizes  is  apparent  from  their  prelim- 
inary report.  (Department  of  Agriculture  Bulletin  No.  55.) 
They  recommend  the  following  screen  perforations;  3.  2. 
1,  li.  and  Vi  in.  The  nomenclature  proposed  consists  of 
the  numbers  3,  2.  1,  %,  and  0,  corresponding  to  the  largest 
size  contained  in  the  .grade.  Thus  No.  3  stone  is  3-2  in. 
Combinations  of  the  numbers  are  proposed;  thus  No.  1.  2. 
0  means  a  mixture  of  %,  1,  2,  and  3  in.  From  the  fact 
that  this  system  of  designating  grades  is  the  very  contrary 
of  the  only  system  that  has  been  at  all  firmly  established 
in  any  branch  of  the  industry,  that  of  the  granite  quarries, 
it  does  not  seem  likely  that  its  adoption  universally  could 
be  successfully  urged. 

The  logical  system  of  describing  grades  seems  the  only 
one  which  we  could  hope  to  see  adopted,  that  of  specifying 
the  limiting  sizes.  In  this  system  stone  for  macadam  base 
course  would  become  3-2  in.  instead  of  No.  3  as  is  pro- 
posed, or  instead  of  "ballast."  "macadam,"  "2-in.  stone,"  or 
"3-in.  stone,"  as  is  now  the  confusing  practice  in  different 
localities.  Stone  for  cement  concrete  wearing  surface 
would  be  simply  2-% -in.  instead  of  No.  12,  as  is  proposed. 
One-half  inch  screenings  would  become  "V2  in.  and  finer." 
There  can  be  no  doubt  that  the  nomenclature  would  be  uni- 
ver=:ally  intelligible  and,  with  the  restrictions  mentioned 
above,  would  be  accurate. 

The  First  Conference  of  State  Testing  Engineers  and 
Chemists  evidently  considered  only  road  work;  the  require- 
ments of  structural  concrete  must  be  considered  and  this 
will  probably  add  another  screen  and  grade — 1 V2  in.  round 
perforations.  This  will  not  be  seriously  objected  to  by 
crusher  operators,  2-li/i  in.  stone  for  second  course  ma- 
cadam will  give  very  much  better  results  than  2-1  in.  For 
concrete  lii-^  in.  material  is  vastly  better,  is  as  easily 
worked  and  will  be  move  acceptable  even  for  reenforced 
work  than    I-14  in. 
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Standardization  Desirable.— The  adoption  of  stunilani 
sizCH  i.s  ijossllilo.  Thf  uctlon  (if  llie  Burt-iiu  of  I'ublli- 
Roads  In  inuugurutlut;  ii  iiiovenicnl  to  bring  this  about  is 
to  be  highly  commendod.  Their  engineers  have  shown  a 
disposition  to  meet  the  producer  more  than  halfway.  If. 
in  addition,  other  interests  are  considered,  possibly  the 
.\merlian  Society  for  Te-stlni;  .Materials,  the  (luarryman 
who  has  conformed  his  screening  plant  to  the  standards 
prescribed,  would  have  the  highest  engineering  authority 
to  protect  him  from  the  whim  or  caprice  of  pedantic  road 
builders  and  engineers,  and  othf'r  engineers  on  their  part 
would  be  assured  of  getting  what  they  specify.  To  reca- 
pitulate; 

1.  The  establishment  of  standard  sizes  of  crushed  stone 
adopted  throughout  the  States  Is  possible  and  highly  de- 
sirable. 

2.  To  accurately  define  a  grade  of  stone,  screen  per- 
forations, through  and  over  which  It  passed  should  be 
given.  It  should  be  universally  understood  that  (first)  cir- 
cular perforations  are  meant,  (second)  that  the  screen  is  a 
revolving  one.  and  (third)  that  the  screening  plant  is  ade 
iiuate  so  that  any  one  grade  shall  contain  not  more  than  10 
per  cent  of  fines  (possibly  Tt  per  cent)  and  not  over  5  per 
cent  oversize  by  laboratory  tests  and  that  (fourth)  a  mix- 
ture of  varii)us  grades  such  os  2-H  in.  shall  contain  not 
less  than  2'>  per  cent  nor  more  than  nO  per  cent  of  "fines"' 
pasing  through  a  linch  screen,  that  is,  through  perfora- 
tions having  one-half  of  the  diameter  of  the  maximum  sizes 
permitted  in  the  inixture. 

3.  The  following  screen  sections  are  proposed:  3.  2.  1%, 
1.  'i,  M  in. 

4.  The  nomenclature  should  be  the  logical  one.  simply 
stating  maximum  and  minimum  sizes. 


Cement  Bag  Holder  on  Mixer 

A  useful  device  for  saving  empty  cement  sacks  is  em- 
ployed by  Rvan  Bros.,  paving  contractors,  of  Chicago.  At- 
tached to  the  frame  of  the  mixer  near  the  loading  hopper 
are  four  pieces  of  iron  which  form  a  holder,  as  shown  in  the 
illustration.    The  cement  handler,  as  soon  as  he  has  dumped 


Device  for   Saving    Empty   Cement  Sacki. 

the  cement  In  the  hopper  piles  the  sactt  In  the  holder.  When 
50  sacks  have  been  piled  they  are  lied  In  a  bundle  and  laid 
to  one  side.  This  arrangement  nol  only  does  away  with 
the  loss  of  the  sacks,  but  it  also  makes  It  easier  for  the 
Inspector  to  keep  track  of  the  amount  of  cement  used. 


The  Engineer  in  Road  Work* 

HV  HOD.MA.N  \Vll-i;V. 
<°omniliuilon<-r  of  I'ubllc  Hoadx  of  Kentuclty. 
It  is  pertinent  at  this  time  that  you  should  better  under- 
stand the  alms  of  the  engineers  engaged  in  road  work.  Some 
of  you  might  think  that  on  occasions  they  are  arbitrary, 
dictatorial  and  altogether  undesirable  persons,  who  try  to 
say  to  the  various  fiscal  courts  what  they  should  and  should 
not  do.  but  such  is  nol  the  case.  They  are  laboring  for 
your  Interests;  they  are  anxious  to  see  every  administration 
a  success  regardless  of  what  political  power  may  be  in  con- 
trol; they  are  your  servants,  not  your  masters,  and  they 
realize  that  In  its  final  analysis  the  people  are  their  clients. 
In  the  financial  end,  engineers  are  oftentimes  called  upon 
to  make  an  examination  of  the  road  needs  of  a  community, 
the  possible  resources,  and  to  report  to  the  constituted 
authorities  the  amount  of  money  needed  and  the  best  method 
of  securing  it;  at  other  times  they  advise  with  the  proper 
authorities  to  see  it  their  program  Is  sound  from  a  financial 
standpoint,  just  the  same  as  engineers  are  called  upon  to 
report  to  bankers  and  brokers  on  the  soundness  of  invest- 
ments in  other  lines  of  work.  Today  verv'  few  investments 
of  any  size  are  made  unless  the  proposition  has  the  approval 
of  some  well  known  engineer  in  whom  the  Investors  have 
implicit  confidence. 

Everyone  has  seen  on  numerous  occasions  the  mistakes 
that  have  been  made  by  viewers  in  locating  roads.  It  must 
be  remembered  that  wherever  a  road  is  built  school  houses, 
residences,  churches  and  business  houses  will  follow  the 
development.  In  case  the  location  is  bad.  it  is  most  difficult 
and  oftentimes  impossible  to  provide  any  remedy,  because  if 
the  location  is  changed  all  the  improvements  are  lost,  con- 
sequently the  taxpayers  are  compelled  from  year  to  year 
to  pay  a  heavy  cost  for  maintaining  an  improperly  located 
road.  On  the  other  hand,  ven-  few  of  you  have  ever  seen  a 
road  located  by  good  engineers  that  ever  needed  to  be 
changed.  France,  Belgium,  England  and  Italy  realized  cen- 
turies ago  that  whenever  any  road  improvement  was 
started  It  should  be  in  charge  of  the  most  competent  engi- 
neers in  the  nation,  consequently  the  roads  in  these  coun- 
tries have  been  located  with  such  foresight,  such  knowledge 
of  the  development  of  the  country  that  it  is  almost  impos- 
sible even  at  this  time  with  all  our  advanced  ideas  and  new 
methods  of  travel  to  make  any  desirable  changes. 

The  great  trouble  has  been  principally  the  fault  of  the 
taxpayers.  They  have  not  called  for  a  business-like  admin- 
istration of  the  road  affairs  of  their  counties  and  conse- 
quently they  have  not  received  it.  A  road  is  simply  one  of 
the  systems  of  transportation  and  Its  location  requires  as 
much  if  not  more  skill  on  the  part  of  an  engineer  as  the 
location  of  a  railroad,  because  a  railroad  company  usually 
has  ruling  grades,  ruling  degrees  of  curvature  and  no  de- 
parture is  allowed  from  those  standards,  whereas  when 
locating  a  road  an  engineer  must  have  a  vision.  In  his 
mind's  eye  he  must  see  the  country  as  it  will  grow  and  as 
if  will  be  years  after  the  road  is  built.  Consideration  must 
be  given  to  the  finances  of  the  county  which  is  usually  not 
the  case  in  railroad  work.  A  railroad  company  might  ex- 
pend thousands  of  dollars  to  reduce  a  grade  '-j  per  cent,  to 
reduce  the  degree  of  a  curve  one  or  two  points,  but  in 
road  work  an  engineer  adopts  such  grades  as  will  insure 
the  economical  construction  of  the  highway,  provided,  of 
course,  that  traffic  will  not  be  impeded.  Highway  location 
calls  for  rare  judgment  on  the  part  of  an  engineer. 

The  grading  of  a  road  requires  the  same  amount  of  skill 
and  experience  on  the  part  of  the  man  doing  the  work  as 
does  the  grading  of  any  railroad  or  interurban  line.  The 
same  kind  of  machinery,  the  same  Instruments  are  used  for 
both  classes  of  work.  .-V  railroad  company  never  considers 
for  one  moment  starting  any  construction  work  without  hav- 
ing experienced  engineers  on  the  ground  at  all  times  to  see 
that  It  Is  properly  done;  a  contractor  doing  the  work  knows 
from  bitter  experience  that  he  cannot  hope  to  make  money 
unless  he  has  an  experienced  man  In  charge,  and  I  cannot 
understand  how  men  entrusted  to  build  roads  can  figure 
that  they  can  depart  from  the  usual  custom  or  that  they  can 

•AbHtriiol  of  a  piippr  prfpnrcd  for  thi-  annual  meotlnit  of  the 
Kcntiicl<y   HIcliway   F.nKlnoera   .ASBOclatlon. 
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break  all  precedents  and  do  something  that  railroad  com- 
panies and  contractors  have  found  to  be  impossible  from 
an  economical  standpoint  and  impracticable  from  all  other 
angles. 

When  it  comes  to  surfacing  any  road,  the  man  in  charge 
should  have  a  thorough  knowledge  of  the  behavior  of  all 
local  materials  under  different  kinds  of  traffic  and  different 
climatic  conditions,  as  well  as  to  understand  the  method 
of  doing  the  work.  Experience  has  shown  that  attention 
to  minute  details  is  necessary  if  any  type  of  road  is  prop- 
erly built.  All  of  you  have  seen  roads  built  of  stone  and 
you  know  that  one  man  can  take  a  certain  amount  of  stone 
and  build  a  good  road  and  another  man  will  take  the  same 
class  of  stone  and  the  same  amount  of  stone  and  build  an 
inferior  road.  That  shows  for  itself  that  there  is  something 
in  a  man  knowing  how.  However,  the  most  important  thing 
about  the  surfacing  of  any  road  is  knowing  the  type  to 
select.  A  great  many  man  have  had  sufficient  experience 
to  know  how  to  build  a  gravel  road,  a  macadam  road  or 
most  any  type  of  road  that  might  be  selected,  but  the  real 
engineering  comes  when  we  are  trying  to  decide  the  proper 
type  to  build  in  certain  localities.  To  intelligently  make  a 
decision,  consideration  must  be  given  to  the  finances  of  the 
district,  availability  of  materials,  local  materials,  the  kind 
and  volume  of  traffic  passing  over  the  road,  possible  in- 
crease in  traffic  due  to  the  improvement  and  the  approxi- 
mate cost  of  maintaining  any  type  that  is  decided  upon. 
Hundreds  of  millions  of  dollars  have  been  wasted  in  this 
country  by  building  the  wrong  type  of  road.  In  this  state  in 
the  central  section,  we  find  almost  invariably  macadam 
roads,  in  western  Kentucky  gravel  roads,  and  in  most  in- 
stances those  types  have  been  built  without  any  consider- 
ation whatever  being  given  to  the  traffic  that  has  or  will 
pass  over  the  road  during  its  life.  To  my  mind,  the  selection 
of  the  proper  type  of  road  requires  the  highest  type  of 
engineering  ability  and  before  building  any  road  it  would 
be  economical  and  certainly  good  common  sense  to  get  the 
advice  of  the  foremost  engineers  in  the  country  as  to  thp 
most  economical  type. 

On  many  of  the  roads  in  this  state  even  at  this  advanced 
age  we  find  that  it  is  impossible  to  transport  the  ordinary 
road  machinery  because  the  drainage  structures  will  not 
caiTv  the  loads.  Sometimes  you  see  fairly  good  roads  on 
which  there  has  been  installed  drainage  structures  totally 
unsuited  to  the  traffic.  We  also  find  that  structures  of  the 
wrong  size  have  been  built;  it  is  not  uncommon  to  see  a 
100-ft.  span  trestle  where  perhaps  a  4x4  culvert  would  suf- 
fice. Oftentimes  we  see  a  culvert  pipe  installed  which  is 
totally  incapable  of  carrying  the  water  and  even  the  deter- 
mination of  the  proper  size  of  any  drainage  structure  is  a 
high  class  engineering  problem.  Everyone  should  know 
by  this  time  that  the  design  of  culverts  and  bridges  is  a 
branch  of  engineering  that  requires  years  of  training  and 
experience. 

No  railroad  company  would  consider  for  a  moment  letting 
one  of  their  section  foremen  build  a  bridge  or  culvert  accord- 
ing to  his  own  ideas;  on  the  contrary,  every  structure  is 
carefully  designed,  carefully  checked  several  times  before  it 
is  ever  allowed  to  be  installed.  The  great  trouble  with  high- 
way work  has  been  that  most  everyone  thinks  they  under- 
stand how  to  design  and  build  drainage  structures  and  we 
find  today  our  highways  adorned  with  structures  which  have 
little  to  commend  them  except  the  enormous  prices  paid 
by  an  unknowing  public. 

After  a  road  is  built  it  must  be  maintained  and  everyone 
who  has  had  any  experience  in  road  maintenance  knows  it 
should  not  be  attempted  by  any  but  experienced  men  because 
it  is  one  of  the  easiest  ways  known  to  waste  money.  Just 
what  to  do  to  a  road  in  certain  stages  of  deterioration  is  one 
of  the  most  difficult  things  for  even  the  most  experienced 
engineers  to  determine. 

I  have  seen  some  men  use  500  cu.  yd.  of  stone  to  the  mile 
and  make  less  showing  and  do  less  good  than  an  experi- 
enced man  would  with  100  yd.  of  the  same  material. 

It  has  always  occurred  to  me  as  being  peculiar  that  sep- 
arate accounts  have  not  been  kept  showing  the  expenditures 
which  have  been  made  on  a  road;  today  it  would  be  im- 
possible to  go  to  any  county  in  this  state  and  find  the  cost 
of  a  single  mile  of  road  unless  that  mile  had  been  built 
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under  state  supervision  where  cost  records  are  accurately 
kept.  It  is  part  of  the  training  of  an  engineer  to  analyze 
costs,  to  aggregate  costs  so  that  they  know  not  only  the 
original  cost  of  any  improvement,  but  also  what  it  has  cost 
from  year  to  year;  only  by  keeping  and  knowing  such  things 
can  we  ever  be  certain  that  we  are  doing  economical  work. 

I  have  endeavored  to  show  you  that  every  phase  of  road 
building  is  an  engineering  problem  and  the  sooner  that  fact 
is  realized  the  sooner  will  the  taxpayers  be  properly  pro- 
tected. But  the  thing  1  am  contending  for  will  not  come 
over  night.  Men  without  any  knowledge  of  the  subject  will 
be  elected  to  office  on  some  fake  issue  and  will  continue  to 
build  roads  according  to  their  own  pet  theories,  many  of 
which  will  be  at  variance  with  good  engineering,  but  the 
taxpayers  should  remember  that  they  are  paying  for  all 
mistakes  made. 

Noted  men  have  made  the  statement  that  of  the  $300,000.- 
COO  expended  in  this  country  on  roads  last  year  that  at  least 
one-third  was  wasted,  and  it  is  now  time  for  the  people  to 
take  this  matter  in  hand  and  see  that  not  a  single  piece  of 
road  work  is  attempted  unless  done  by  skilled  engineers; 
then  every  cent  expended  on  location  will  be  a  permanent 
investment,  every  fill  and  every  cut  that  is  made  will  be 
properly  done,  every  bridge  and  every  culvert  built  so  that 
it  will  carry  the  loads  that  pass  over  the  road.  The  type  of 
surfacing  used  will  be  the  most  economical  one,  and  the 
roads  when  once  built  will  be  maintained  instead  of  being 
allowed  to  deteriorate  from  day  to  day.  Every  cent  expended 
will  be  properly  accounted  for,  and  then  and  only  then  wil! 
the  taxpayers  realize  a  dollar's  worth  of  work  for  every 
dollar  of  their  money  invested  in  roads;  when  such  time 
shall  come  the  people  will  be  willing  to  pay  taxes  for  roads, 
because  they  will  see  that  their  interests  are  properly  safe- 
guarded, and  we  will  have  more  and  better  roads  at  a 
cheaper  price. 


Wayne  County  Experiment  in  Resurfacing 

Old  Concrete  Road  with  3  In.  of 

Concrete 

In  June.  1916.  the  Road  Commissioners  of  Wayne  county, 
Michigan,  widened  out  a  section  of  old  concrete  road  from 
16  ft.  to  20  ft.  and  resurfaced  it  with  3  in.  of  reinforced 
concrete.  The  methods  employed  in  this  experiment  were 
described  in  the  March  7,  1917.  issue  of  Engineering  and 
Contracting  and  a  progress  report  on  the  condition  of  the 
road  appeared  in  the  Dec.  .5,  1917  issue.  The  following 
statement  regarding  this  work  is  reprinted  from  the  report 
of  the  commission  for  the  year  ending  Sept.  30,  1918; 

"This  resurfacing  job  has  gone  through  two  severe  win- 
ters and  at  all  times  carries  an  exceedingly  heavy  traffic, 
both  in  numbers  of  vehicles  and  tonnage.  At  the  present 
time  it  is  in  practically  the  same  condition  as  when  it 
was  opened  for  traffic,  over  two  years  ago.  Where  the 
road  was  widened  21,0  feet,  there  are  no  cracks  at  all.  nor 
any  suggestion  of  demarcation.  We  consider  this  experi- 
ment an  unqualified  success  in  every  particular." 


"Mushroom  Top"  Expansion  Joint 

A  new  pre-formed  filler  for  pavement  joints  has  been 
placed  in  production  by  the  Standard  Asphalt  &  Refining 
Co.  The  joint  proper  consists  of  a  core  of  tough,  tenacious 
asphalt  reinforced  with  two  bands  of  flexible  felt.  The 
novelty  of  the  design  consists  in  the  termination  of  the 
felt  reinforcing  a  short  distance  below  the  top  of  the  joint, 
leaving  a  narrow  section  of  the  asphalt  core  entirely  ex- 
posed. The  advantage  claimed  for  this  construction  are 
as  follows: 

First — Actual  contact  is  obtained  between  the  pliable 
"Mushroomed"  asphalt  core  and  the  sidewalls  of  the  joint. 
Second — The  "Mushroom'  is  expanded  in  the  joint  space 
by  the  weight  and  impact  of  traffic  forming  a  permanently 
watertight  contact  between  the  pliable  "Mushroom"  core 
and  the  joint  walls.  Third — As  installed  about  %  in.  of 
the  "Mushroom"  should  project  above  the  joint.  This 
projection  is  gradually  reduced  by  being  wedged  tightly 
into  the  joint  by  traffic.  The  surplus  is  gradually  spread 
over  the  edges,  forming  a  tough,  permanent  armor,  which 
protects  the  corners  against  flamage  by  traffic. 
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Snow  Removal   Program  of  Highways 
Transport  (A)mmittee 

A  dftiuue  piucruin  having  lo  Uu  with  the  huIvidk  of  the 
snow  reinoviil  probleui  as  It  iiiuy  affei-t  udequute  highwayH 
transport  UurinR  the  conihiK  winter  has  been  formulated  by 
the  MiRhways  Transport  t'oiuniltlee  of  the  Council  of  Na- 
iloMul   Dffensc.  and   Is  now   beInK   sent   out. 

This  program  is  based  upon  the  realization  that  if  tlu. 
postwar  period  of  reronstruition,  whUh  Includes  as  a  vital 
part  tlio  inuvenient  of  foodslulTs  and  other  coinniodities 
over  the  highways.  Is  to  be  made  equal  to  the  needs  of  the 
situation  every  character  of  obstruction  to  such  transpor- 
tation  must   be  anticipated  and  guarded  against. 

The  snow  removal  problem,  probably  the  most  vital  from 
the  standpoint  of  the  etticient  and  continuous  flow  of  com- 
modllles  along  the  highways,  will  be  given  intensive  study 
by  the  Highways  TransiMjrt  Committees  of  the  state  directly 
affected. 

To  that  end  requests  have  been  Issued  to  the  organi- 
zations in  Massachusetts,  Maine,  Vermont,  New  Hampshire, 
Rhode  Island.  New  York,  New  .lersey,  Pennsylvania.  Dela- 
ware. Maryland,  Virginia.  West  N'irginia,  Ohio.  Indiana,  Ken- 
tucky, Michigan,  lllii-.ois,  Wisconsin,  Minnesota,  Iowa,  Mis- 
souri. Kansa:;,  Nebraska,  South  Dakota.  North  Dakota,  Colora- 
do, Wyoming.  Montana,  Idaho,  Washington.  Oregon,  California 
and  Nevada,  that  they  give  immediate  attention  to  the  follow- 
ing general  subjects  outlined  by  Mr.  Raymond  Beck,  field 
engineer,  relating  thereto: 

First-  Of  (he  powers  of  the  .'^tate  Highway  Department 
or  Commis.-iion  for  removing  snow.  If  such  powers  are  not 
specifically  covered  by  statutes,  whether  maintenance  funds 
can  be  used  in  an  emergency? 

Second — What  co-operation  and  work  can  and  will  be  un- 
dertaken by  the  counties  and  state? 

Third  -What  co-operation  and  work  can  and  will  be  un- 
dertaken by  the  niunicipalities  and  state? 

Fourth — What  snow  removal  machinery,  such  us  scrapers, 
plows,  etc..  are  available  for  use  by  state,  county  and 
municipalities? 

Fifth — What  preliminary  measures  can  be  undertaken 
which  will  prevent  the  drifting  of  snow,  such  as  location  and 
•>rectlon  of  snow  fences.  .Also,  the  change  of  rail,  board, 
picket  and  hedge  fence.<  which  check  the  currents  of  air 
durinc  a  snow  storm,  thus  causing  drifts  to  form,  and  re- 
nio\al  of  brush  or  weeds  paralleling  the  road,  which  in- 
variably causes  drifts  to  form. 

Sixth— Attention  by  State  Highway  Department  or  Com- 
mission, through  its  field  organization  and  in  co-operation 
with  the  Slate  Highways  Transportation  Committee,  of 
physical  conditions  along  the  highways  tending  to  cause 
drifts.  Recommendations  as  to  the  best  means  of  dealing 
with  same  by  preventive  methods. 

Seventh — The  making  of  snow  removal  report  of  every 
snow  storm  on  such  highways  as  are  designated  to  be  kept 
free  from  obstruction  by  snow  so  as  to  allow  continuous 
essential  highways  tranportation. 


War  Service  and  Reconstruction  Commit- 
tee of  Higlivvay  Industries 

The  Highway  Industries  .Association,  which  is  calling  tn 
gether,  with  the  co-operation  of  the  American  Associatior 
of  State  Highway  Ofllcials,  one  of  the  greatest  convention 
>-ver  held,  at  the  Congress  Hotel,  Chicago,  111..  Dec.  Uth  an 
12th.  announces  that  a  War  Service  and  Reconstruction 
<'ommitfee  of  the  Highway  Industries  has  been  formed  witl: 
the  co-operation  of  the  Chamber  of  Commerce  of  the  United 
States. 

This  new  War  Service  and  Reconstruction  Committee  is 
taking  part  in  the  general  conference  of  War  Service  and 
Keconstruclion  ConimilleeH  of  American  Industry,  which  Is 
being  held  at  Atlantic  City,  N.  J.,  Dec.  S-tJ.  In  Its  announce- 
ment of  the  appointment  of  the  committee  the  association 
states: 

onicial  Washington  has  for  many  years  closed  both  eyes 
and  ears  to  the  public  highway  and  today  its  Importance  la 
ignored  and  buried  In  one  of  the  branches  of  our  govern- 
ment   from    which    it    must    be    rescued    If   our    country    is 
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to  retain  its  place  among  the  other  civilized  nations.  The 
neglect  in  allowing  our  highways  lo  take  their  proper  place 
In  our  general  system  of  transportation  is  today  penalizing 
the  country  many  times  the  cost  of  highway  improvement. 

The  economl<'  values  of  improved  highways  were  ignored 
by  the  federal  government  In  Its  plans  for  winning  the  war 
We  have  been  pleading  with  the  farmer  lor  greater  produc 
tlon  and  efllclency  on  the  farm  and  the  farmer  is  responding 
through  improved  methods  and  equipment,  but  what  are  we 
doing  to  aid  the  farmer  in  marketing  his  product?  Last 
year  and  again  this  year  we  will  lose  nilllloiis  and  millions 
in  food  products  and  farm  labor  because  of  inability  to  mar- 
ket the  products  when  they  should  be  marketed.  We  are 
crying  food  conservation  and  the  public  is  responding  nobly, 
but  our  waste  through  our  indifference  to  the  country's  needs 
in  improved  highways  is  many  times  greater  than  our  sav- 
ing. Mr.  Hoover,  Federal  Food  Commissioner,  states  that 
nO  per  cent  of  our  perishables  grown  are  .wasted  through 
inability  to  market,  due  to  bad  roads.  He  has  also  warned 
the  people  of  the  United  States  that  the  food  shortage  after 
the  war  will  be  more  acute  than  during  the  war 


Expansion    Joint    Installer  for   Concrete 
Pavements 

.\n  e.xpansive  joint  installer,  that  has  proved  very  serv- 
iceable on  concrete  road  construction  for  the  Utah  Road 
Commission  is  shown  in  the  accompanying  illustration 
The  device  consists  of  a  6  in.  wide  steel  plate,  stiffened  by 
a  3x3x14  in.  angle  and  braces  riveted  from  the  lower  leg 
of  the  angle  to  the  middle  of  the  unsupported  portion  of 
the  steel  plate.  The  double  ply  joint  filler  is  held  by  a 
clamping-bar  against  the  smooth  side  of  the  plate.  The 
lUah  standard  section  for  concrete  pavement  is  8  in.  thick 
at  the  center  and  6  in.  thick  at  the  sides.     The  stiffener 


Expansion     Joint     Installer     Devised    for    Use     In     Concrete     Ro.id 
Construction   In    Utah. 

angle  accordingly  is  offset  downward  i'  in.  so  that  it  will 
rest  on  the  6  In.  channel  forms  at  the  edges  of  the  pave- 
ment. In  making  a  Joint  the  surface  of  the  steel  plate  Is 
held  in  a  vertical  plane  by  three  or  four  steel  pins 
driven  into  the  subrrade  at  the  sides  of  the  Installer.  It 
has  been  found  that  no  ditllcully  is  experienci'd  in  remov- 
ing the  steel  plate  if  It  has  been  promptly  cleaned  after 
the  previous  removal.  We  arc  Indebted  to  Mr.  Ira  K 
Urowning,  engineer  Stale  Roads  Comnilssion,  for  the  photo 
graphs  and  the  above  information. 
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The  Chicago  Highway  Congress  Should   Go  Ahead   With   Road  Building 


Owir.g  to  an  important  meeting  of  the  War  Service  Com- 
mittees of  the  United  States  Chamber  of  Commerce  the 
conventions  of  the  American  Association  of  State  Highway 
Officials  and  the  Highway  Industries  Association  originally 
set  for  the  first  week  of  December  have  been  postponed  to 
Dec.  9  to  13.  The  joint  meeting  of  the  two  associations  will 
be  held  Dec.  11  and  12.  Every  citizen  of  the  United  States 
who  is  interested  in  public  welfare,  to  the  extent  of  pro- 
tecting the  investment,  already  made  in  highways  and  to 
see  their  future  development  along  definite,  aggressive  and 
sensible  lines  should  be  present  and  personally  participate 
in  the  deliberations  of  this  joint  meeting.  The  sessions  will 
be  held  in  the  Congress  Hotel,  Chicago.  The  program  for 
the  two  days  includes  the  following: 

Wednesday,   Dec.   11. 

Address  of  Welcome— Hon.  Frank  Lowden,  Governor  of  Illinois. 
Response  to  Address  of  Welcome — Edwin  S.  DufCey,  New 
York,  for  the  American  Association  of  State  Highway  Of- 
ficials; S.  M.  Williams,  of  Ohio,  for  the  Highway  Industries 
Association. 

Topic:  "Highway  Control  by  Federal  Government  Under  War 
Conditions" — Logan  Waller  Page,  Chairman  United  States 
Highways   Council. 

Topic:  "The  Development  of  Motor  Parcel  Post  Routes" — Hon. 
James  I.  Blakslee,  Fourth  Assistant  Postmaster  General. 

Topic:  "Highways — A  Neglected  War-Time  Necessity" — Hon. 
James  M.  Cox,  Governor  of  Ohio. 

Topic:  "A  Suggested  National  Highway  Policy  and  Plan" — E.  J. 
Mehren,   Editor  Engineering  News-Record. 

Topic:  "Highway  Transportation,  Present  and  Future" — Roy  D. 
Chapin,  Chairman  National  Highways  Transport  Committee. 

"Highways  a  Military  Necessity." 

"The  Nation's  Needs  for  Highway  Development." 
Thursday,    Dec.    12. 

Topic:  "The  Underlying  Principles  of  Laying  Out,  Marking  and 
Maintaining  a  State  Trunk  Highway  System" — A.  R.  Hirst,  of 
Wisconsin. 

Discussion,  led  by  Paul  D.  Sargent,  of  Maine,  and  J.  W.  Bliss, 
of  North  Dakota. 

Topic:  "Proper  License  Fees  for  Motor  Vehicles  and  Drivers" — 
H.  Eltinge  Breed,  of  New  York. 

Discussion,  led  by  A.  C.  Batchelder,  of  the  American  Automobile 
Association;  A.  B.  Fletcher,  of  California,  and  Duncan  Buic, 
of  Louisiana. 

Topic:  "Motor  Trucks  and  Trailers  Transportation  Essentials — 
Regulation  of  Speed,  Weight,  Width  and  Height  Necessary, 
But  Should  Not  Restrict  Their  Expanding  Use" — George  M. 
Graham,  Chairman  Motor  Truck  Committee,  National  Auto- 
mobile Chamber  of  Commerce. 

Discussion,  led  by  Charles  J.  Bennett,  State  Highway  Commis- 
sioner of  Connecticut:  A.  D.  Williams,  of  West  Virginia; 
Frank  H.  Zouck,  of  Maryland;  A.  W.  Graham,  of  Missouri, 
and  T.  R.  Dahl,  of  Ohio. 

Topic:  "American  Highways  for  Tomorrow" — H.  G.  Shirley, 
Secretary  Highway  Industries  Association. 

Discussion,  led  by  P.  St.  J.  Wilson,  Chief  Engineer  of  the  U.  S. 
OfHce  of  Public  Roads  and  Rural  Engineering,  and  George  E. 
Johnson,    of   Nebraska. 


List  Prices  of  Trucks. — The  following  figures  from  the 
Commercial  Vehicle  give  an  idea  of  the  1919  average  list 
.prices  for  trucks; 

Tons. 

Less  than  V-z    $    S35.00 

%    934.16 

%     1,390.93 

1    1,815.08 

1%     2.224.60 

2    2,758.33 

2%     2,950.40 

3 3,688.84 

3%     3.904.82 

4    4.177.77 

5  and  5%   4.848.72 

6  and  6%   5.237.50 

7  and   over    5,600.00 

National  Grange  Favors  Market  and  Post  Road. — The 
National  Grange  at  its  annual  convention  at  Syracuse,  N. 
Y.,  on  Nov.  22  adopted  a  resolution  recommending  that  the 
Government  should  center  its  highway  activities  in  the 
building  of  market  and  post  roads  "instead  of  spending  . 
money  on  boulevards  used  by  few," 


The  following  communication  was  sent  Nov.  25  to  State 
Highway  Departments  by  L.  W.  Page,  Director  U.  S.  Bureau 
of  Public  Roads: 

In  view  of  the  fact  that  restrictions  on  highway  work  have 
been  removed  by  the  action  of  the  War  Industries  Board,  the 
Fuel  Administration,  the  Railroad  Administration,  and  the  Uni- 
ted States  Highways  Council,  a  great  revival  in  road  building 
should  result.  In  my  .judgment,  no  more  effective  means  of  in- 
suring employment,  particularly  to  unskilled  labor,  in  the  transi- 
tion period  from  war  to  peace  can  be  devised  than  the  vigorous 
prosecution  of  all  public  improvement  work.  I  believe  it  would 
be  better  to  go  ahead  with  road  work  wherever  it  is  needed 
rather  than  to  wait  for  a  period  of  lower  prices.  The  benefits 
of  improved  highways  are  immediate,  to  say  nothing  of  the  great 
desirability  of  having  all  labor  employes  and  money  active. 

Federal  aid  funds  already  available,  and  those  which  will  be 
made  available  July  1,  1919,  will  aggregate  $50,000,000,  of  which 
amount  not  over  $5,000,000  has  been  expended.  It  is  quite  prob- 
able, therefore,  that  State  and  Federal  funds  for  construction 
purposes  will,  during  1918,  run  well  over  $100,000,000.  This  should 
constitute  a  material  factor  in  carrying  on  the  vigorous  year's 
work. 

Every  assistance  which  the  Bureau  of  Public  Roads  can  ren- 
der will  be  available  to  the  States  in  dealing  with  the  various 
problems   which   may   arise. 


Personals 

Elmer  E.  Sommers  has  been  appointed  a  member  of  the 
Colorado  State  Highway  Commission  for  District  1,  succeeding 
Lafayette  Hughes,  resigned. 

John  F.  Laboon  has  been  made  a  member  of  the  firm  of 
Chester  &  Fleming.  Engineers,  Union  Bank  Bldg.,  Pittsburgh.  Mr. 
Laboon  was  formerly  in  the  employ  of  Chester  &  Fleming,  but 
lately  has  been  with  the  Pittsburgh  Filter  Manufacturing  Co. 

Lt.  Col.  William  D.  Uhler  has  returned  to  his  duties  as  chief 
engineer  of  the  State  Highway  Department  of  Pennsylvania. 
During  the  war  Col.  Uhler  was  a  member  of  the  United  States 
Highways  Council,  representing  the  War  Department,  and  had 
charge  of  motor  transportation  of  the  department. 


Obituaries 

Adam  Sauer,  a  contractor  of  Fort  Wayne,  Ind.,  died  Nov. 
23,   aged   59. 

Joe  B.  White,  for  many  years  County  Surveyor  at  Pine  Bluff, 
Ark.,    died   Nov.    25,   aged   57. 

Lieut.  Hebert  C.  Peterson,  U.  S.  Engineers,  died  recently  in 
France  of  Pneumonia.  Lieut.  Peterson  was  a  graduate  of  the 
University  of  Illinois  and  was  engaged  in  road  construction  near 
Chicago  tor  the  state  highway  commission  when  war  was  de- 
clared. 

Elmer  Washburn,  engineer  and  banker,  of  Chicago,  died  Nov. 
26.  aged  S4.  At  one  time  he  was  a  member  of  the  firm  of  Wash- 
burn. Shaler  &  Washl^urn.  contracting  engineers.  and  con- 
structed the  Ticitus  and  Carmel  dams  of  the  Croton  Aqueduct 
of  New  York,  the  Marlboro  reservoir  of  the  Metropolitan  Water 
System  of  Boston,  and  Third  Ave.  cable  railway  in  New  York. 
In  1891  he  was  a  candidate  for  mayor  of  Chicago.  For  many 
years  he  was  president  of  the  National  Live  Stock  Bank,  Chi- 
cago. 


Industrial  Notes 

The  Chicago  Pneumatic  Tool  Co.,  Chicago,  announces  the  ap- 
pointment of  L.  C.  Sprague  as  Assistant  Secretary  of  the  Com- 
pany with  headquarters  at  52  Vanderbilt  Ave.,  New  York  City. 

The  Associated  Metal  Lath  Manufacturers,  Zenas  W.  Carter, 
Commissioner,  have  removed  their  general  offices  from  90l 
Swetland  Bldg.,  Cleveland,  O.,  to  Rooms  813-15,  Woodward  Bldg.. 
WaSliington,    D.    C. 

The  C.  F.  Pease  Co.,  manufacturers  of  automatic  blueprint 
machinery  and  drafting-room  supplies,  has  removed  its  city  sales 
offices  from  166  ^\'est  Adams  St.,  Chicago,  to  its  general  offices 
and  factory  at   213   Institute  Place. 

Lee  T.  Ward  Co.,  contractors  equipment,  Philadelphia,  Pa., 
has  moved  its  offices  from  the  Commercial  Trust  Bldg.,  Phila- 
delphia, to  617-619  Filbert  St.,  where  it  will  occupy  the  ground 
floor  and  have  a  display  room  and  offices. 

I.  H.  Mills,  who  has  been  associated  with  the  Westlnghouse 
Electric  &.  Manufacturing  Co.,  of  East  Pittsburgh,  Pa.,  for  the 
past  23  years,  has  resigned  to  become  superintendent  of  the 
Sperry  Gyroscope  Co.  of  Brooklyn,  N.  Y.  Mr.  Mills  began  his 
career  with  the  Westlnghouse  as  a  machine  operator,  and  finally 
became  superintendent  of  the  small  industrial  motor  department. 

The  Walter  A.  Zelnicker  Supply  Co.,  St.  Louis,  announces  the 
appointment  of  Joseph  Meyerson  as  Secretary  to  the  President. 
Mr.  Meyerson  was  associated  for  10  years  with  the  Southwestern 
Tariff  Bureau,  latterly  as  secretary  to  F.  A.  Leland.  Mr.  Kott- 
sieper  has  recently  Joined  the  traveling  force  of  Walter  A.  Zel- 
nicker Supply  Co.  and  will  make  Soiithwestern  territory.  .For 
many  years  Mr.  Kottsieper  traveled  for  the  St.  Loins  Screw  Co.. 
prior  to  which  time  he  was  connected  with  the  E.  H.  Linley 
Supply  Co.,   and  Western  Iron  &  Supply  Co. 
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Wednesdays)  completely  cover  the  municipal  engineering  and  contracting  field.  The  articles  in  the 
first  and  last  issues  of  each  month  (1st  and  4th  Wednesdays)  completely  cover  county  engineering  and 
highway  engineering  and  contracting.  The  articles  in  the  third  and  last  issues  of  each  month  (3rd  and 
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Roads  and  Streets — 1st  Wednesday 

<si    Roads  (c)   Street   Cleaning 

<b)   StresU  (d)    Municipal    Miscellanies 

Waterworks  and  Hydraolics — 2nd  Wednesday 

<a)    Waterworks  (c)   Irrigation    and    Drainage 

lb)   Sewers  and  SanI-         (d)   Power 


tatio 


Railways  and  Govt.  Works — 3rd  Wednesday 

(a)  Excavation      and         (c>   Harbors  and    Docks 

Dredging 

(b)  Rivers  and  Canals       <A)   Railway    Construction 

Buildings  and  Structures — Ith  Wednesday 

(a)   Buildings  <c)   Ship  Construction 

lb)    Bridges  id)    Mlaccllaneous    Struclui 
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E.  &i  C.  Index  Furnished  Only  on 
Request 

Hiiherto  it  has  been  customary  to  send  the  index  of  our 
articles  to  every  subscriber.  In  order  to  conserve  paper 
the  index  for  the  six  months  ending  Dec.  31  will  be  sent 
only  to  subscribers  who  send  a  postal  card  or  letter  re- 
fiuesiing  a  copy  of  the  index.  It  will  assist  us  it  those  de- 
sirins  the  index  will  notify  us  at  once. 


For  Seventeen  Years  Chicago  Has 
Ignored    Important   Recom- 
mendations of  Its  City 
Engineer 

John  EriCBOn.  City  EnKinec-r  of  Chicago,  for  17  years  has 
l)een  urging  the  metering  of  all  water  consumers  In  Chi- 
cago: but  the  City  Councils  have  been  obdurate  in  refusing 
to  adopt  his  recommendations.  During  those  17  years  the 
per  rapita  consumption  of  water  has  risen  50  per  cent  until 
now  it  Is  almost  2",o  gal.  per  capita  per  diem,  or  more  than 
double  what   it  should  be. 

Four  year*  ago  the  Chicago  Mureau  of  Public  Kfticiency 
undertook  a  special  investigation  of  the  water  supply  sit- 
uation and  made  an  elaborate  report  showing  the  economic 
necessity  of  metering  all  consumers.  ,\bstracts  of  that 
report  have  been  published  in  these  coluinn.i,  so  that  It  Is 
unnecessary  to  review  the  conclusions  again,  further  than 
to   8,iy    that   the   report   completely   upheld    Mr.   Krlcson   In 
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his  struggle  to  secure  authority  to  meter  all  consumers. 

More  than  a  year  ago  Engineering  and  Contracting  be- 
gan urging  the  engineering  societies  and  engineers  In  Chi- 
cago to  lend  their  support  to  Mr.  Ericson  and  to  secure  the 
co-operation  of  the  Chamber  of  Commerce  in  a  publicity 
campaign  for  universal  metering.  The  American  Associa- 
tion of  Engineers  has  recently  come  out  in  favor  of  meter- 
ing, and  it  is  to  be  hoped  that  other  engineering  societies 
will  join  in  the  campaign. 

On  July  22  the  City  Council  rejected  a  metering  ordi- 
nance by  a  vote  of  39  to  27,  but  it  is  a  hopeful  sign  that  40 
per  cent  of  the  council  favored  metering.  It  was  stated  by 
several  councilmen  who  voted  against  metering  that  they 
pi^rsonally  favored  it.  but  that  they  could  not  act  contrary 
to  the  wishes  of  their  constituents. 

It  Is  almost  incredible  that  the  majority  of  people  In 
Chicago  would  reject  the  advice  of  John  Krlcson,  a  man 
who  has  held  the  position  of  City  Engineer  for  more  than 
20  years;  and  we  believe  they  would  not  reject  his  advice 
if  they  could  and  would  study  his  reports  and  listen  to 
his  arguments.  But  the  public  can  scarcely  be  expected 
10.  study  such  reports.  In  fart  our  representative  form  of 
government  was  devised  for  the  very  purpose  of  relieving 
the  voters  of  the  necessity  of  passing  upon  details.  Those 
city  councilmen  who  refused  to  vote  for  meters,  even 
though  they  personally  believed  In  metering,  were  actually 
not  representing  their  constituents  in  a  democratic  man- 
r.iT.  They  had  been  elected  neither  because  they  favored 
metering  nor  because  they  opposed  it,  but  because  It  was 
believed  that  they  w^ould  act  In  the  best  Interests  of  Chi- 
cago. Now  It  Is  clear  that  what  will  be  for  the  best  interest 
of  the  city  Is  not  usually  to  be  determined  by  impressions 
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and  snapshot  judgment,  such  as  the  public  is  apt  to  give,  pumped   109   gal.   per  capita,  of  which   74   per   cent    (or  81 

but  by  careful  study  of  every  phase  of  the  problem.  gal.    per    capita    per    day)     was     recorded     by     consumers' 

John  Ericson  is,  without  question,  the  best  qualified  of  all  meters;    the   balance,   26   per   cent,   was   lost   and   used   for 

city  officials  to  secure  the  data  and  render  a  report  on  the  unmetered  public   purposes.     Only  23   per  cent  of  the  mu- 

economics   of   metering.     The    City    Council,   acting   like   a  nicipal  services  were  metered,  and  they  used  about  4  gal. 

board  of  directors  of  a  railway,   should  receive  and  study  per   capita   per'  day.     The   metered   water   was   distributed 

the   report   of   the   Engineer,   and   follow   his   advice   unless  as  follows; 

there  are  evident  errors  in  the  report  or  powerful  economic  Percent 

reasons  for  not  doing  so.  This  should  be  done  even  when  cS^me^i^^es ':::::::::::::::::::::::'.:::'.:.'.'.'.:'.:'.:'.'.:  ^lil 

the  public  may  not  at  first  approve  the  action  of  the  City      industrial  uses   18.51 

Council,   for   it   may   safely   be   reasoned   that   whatever   is      BuiVders^'uses'^'^^    005 

done  in  the  interest  of  the  public  will  soon  be  seen  in  its  Charitable   uses    ".'.'.'..'.'.  .'..'.'.'.'.'.'.'.'.'.'.'.'.'.'.'■'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.      0.33 

proper  light   bv   the   public  Public    uses    (only    23    per     cent     of     municipal     services 

We  do  not  doubt  that  every  daily  newspaper  in  Chicago  Outside  of  Springfield. ............ ...M  !1  i! !!.!!!!.!'.!!! !      2!l0 

can   be  persuaded   to   s^upport   the   City   Engineer   and   City  Total  tier  cent                                                                         li  05 

Council   if   universal   metering  is   ordered.     To   secure  the  ,,  ,  .  ,  ,       V    , ,       ,11    i  ^\-^ 

support   of   the   newspapers,   it   might  be   advisable   to   ask  Multiply    each   of   these   percentages    by    109    to    get   the 

each  paper  to  have  one  of  its  editors  meet  Mr.  Ericson  and  n"'"^^''  °^  gallons    of  metered   water  per  capita  Per  day; 

a    committee   of   Chicago    engineers    selected    by   the    engi-  ^^^''''iS  '"^  '"'•^'^  ^^^^  ^6  per  cent  of  the  109  gal     or  28  gal 

neering  societies,  to  discuss  the  subject  of  universal  meter-  P^""  ^^P"^  P^""  ''^>-  ^'^^  ''°^  metered,  although  98  per  cent 

ing.     Reports   are   often   effective   in   conveying  ideas,   but,  ^^  a"  '^^  ^'"'^^^  ^''tive  taps  were  metered, 

after  all,  nothing  is  so  effective  as  the  spoken  word.    When  It  will  be  seen  that  the  domestic  consumers  used  about 

men  meet  to  discuss  a  problem  across  a  table,  miscOncep-  40  gal.  and  the  commercial    (or  business)    consumers  used 

tions   and   prejudices  are   apt   to  be   removed  by   questions  about  10  gal.  per  capita  per  day,  making  a  total  of  50  gal., 

and   answers.     "Whereas  facts  and  arguments  in  cold  type  for  those  two  classes,  as  compared  with  30  in  New  Britain, 

often  elicit  only  a  silent  criticism  that  remains  unanswered  Industrial   users    (factories,   etc.),   consumed    about    20   gal. 

because  it  is  silent.  per  capita  per  day,  which  is  less  than  half  the  per  capita 

Engineering  societies  frequently  pass  resolutions  relative  consumption   by   factories   in   New   Britain, 

to    some   public   matter,   and   then   do   nothing  more.     The  There  are,  in  most  cities,  only  four  important  classes  of 

passing  of  resolutions  is  good  as  far  as  it  goes,  but  it  should  water  users;      (1)    Domestic,    (2)    Commercial  or  business, 

be  only  a  first  step.     Let  it  always  be  followed  by  action,  (-3)    Industrial  or  factory,  and   (4)   Municipal.     Had  all  the 

and   particularly  by  word   of  mouth   appeals   to  public  offi-  municipal  taps  in  Springfield  been  metered,  instead  of  only 

cials,   to   other   organizations,   and    to   the   editors   of   daily  23  per  cent,  it  is  probable  that  the  municipal  consumption 

papers.    Let  committees  of  engineers  go  to  the  representa-  would   have    totaled    16    gal.   per   capita   per   day.      In   that 

fives  and   servants   of  the   public.     Let  them   go   to   cham-  event   the    following    would    be   the    approximate    consump- 

bers   of    commerce.    Rotary    clubs,    municipal    leagues,    etc.  tion  of  water  in  gallons  per  capita  per  day; 

Let  them  go  to  the  editors  of  papers.     If  such  action  is      Domestic    39.9- 

taken  by  the  engineers  of  Chicago,  we  feel  sure  that  Mr.      i",°dustHal^"    .'.'.'.'.'.'.'.".^^^^! '''.'.'.'.'.'.'.'.'.'.    ioil 

Ericson's  17  years  of  effort  to  save  the  city  millions  of  dol-      in.stitutional    2.0 

lars  will  soon  result  in  the  adoption  of  his  plan  for  univer-  eiu'deV'^and  charities.'.\\V.V.\V.V.V.\V.!!;;!!; !! !!  ^l !! !!  i        ^0^4 

sal  metering.     Mr.  Ericson  has  shown  not  only  persistence      Outside  the  city 2.3 

but  courage  in  his  long  fight  against  public  opinion.     It  has       Unmetered  and  lost n.^ 

even  been  suggested  that  he  resign  so  that  an  unbiased  in-  Total  gal.  per  cap.  per  day 109.0 

vestigation  of  the  metering  problem  might  be  made!  For  the  purpose  of  comparing  the  consumption  of  water 

We  admit  that   Mr.  Ericson  has   been  biased,  biased  by  in  different  cities,  a  segregation  of  the  consumers  into  the 

his   knowledge  of  facts  whereas  his   opponents   have   been  four  classes  above  named  and  a  statement  of  the  daily  per 

biased  because  they  lacked  such  knowledge.     He  has  stood  capita  loss  of  water  is  to  be  recommended.     Very  little  is 

manfully  at  his  guns,  although  risking  his  position  in  do-  ordinarily  gained  by  any  further  subdivision  of  consumers, 

ing  so.     Let  it  be  said  to  the  credit  of  Chicago  that  he  has  -j-jjg  numbers  of  each  of'the   four  classes  of  consumers 

not  been  forced  out  of  office.     Should  not  that  fact  alone  should  be  stated  in  every  report.     This  is  now  rarely  done, 

serve   to   encourage  any   councilman   to   act  upon   his   best  ygt  it  is  clear  that  unless  some  idea  is  given  as  to  the  num- 

iudgment  regardless  of  an  opposing  public  opinon?  "ber  of  each  class,  comparisons  of  per  capita  water  consump- 

The  public  admires  courage  and  rarely  punishes   a  pub-  ^ion  may  be  misleading.     Furthermore,  each  report  should 

lie  servant  who  shows  it.    John  Ericson  has  told  the  public  gjye  data  not  only  as  to  the  number  of  factories  but  as  to 

year  after  year  that  their  waste  of  water  was  an  unpardon-  tjieir  aggregate  size.     Thus  it  might  be  stated  that  the  fac- 

able  extravagance,  and  has  done  his  best  to  make  them  stop  tories   have   a  weekly   payroll   of  so   and   so   many   dollars, 

it.   We  believe  the  public  is  almost  ready  to  act  upon  his  ad-  rp|^g  j^^^gj  chamber  of  Commerce  can  usually  furnish  such 

^'ice.  data. 

~                           J     f,     ',           7           /^                      •  With  increased  appreciation  of  the  necessity  of  flushing 

Suggested      Units     tor    Comparing  streets   in   order   to   remove   germs   that   cause   diseases   of 

A^Cfftkr     r^r»ncnmr»fir»n      in  ^^^  throat,  nose  and  lungs,  we  must  expect  a  larger  con- 

r\-i:x                     /^i-     •  sumption  of  water  for  municipal  purposes.     .41so  the  grow- 

Oltferent    CiitieS  ing  use  of  water  for  garden  irrigation  will  increase  domes- 

For    comparing    the    consumption    of    water    in    different  tic  consumption.     Hence  it  will  eventually  be  desirable  to 

cities   there   should   be   stated   not   only   the   average   daily  indicate  in  annual  reports  the  extent  of  street  flushing  and 

number  of  gallons  per  capita,  but  also  the  number  of  con-  of  garden  irrigation. 

sumers  in  each  of  the  three  major  classes,  namely,  (1)  do-  To    sum    up,   reports    of   water   departments    should    give 

mestic,   (2)   commercial  and   (3)   industrial.     In  addition  in-  sufficient  information  about  each  of  the   four  large  classes 

formation   should   be   given  to   indicate   the   aggregate   size  of   consumers    to    enable    the    water    works    managers    and 

of  the  factories   in   the   city,   and   their   general   character.  engineers  of  other  cities  to  form  a  definite  idea  as  to  the 

Before  outlining  some  of  the  facts  that  should  be  given  in  size  and  character  of  each  of  the  four  classes  of  consum- 

annual   reports   of^  meter   departments,   let   us   look   at   the  ers.     Where    the    consumers    are    nearly    all    metered,    the 

water   consumption   statistics   of   two   New   England   cities.  quantity  of  water  "lost"  should  also  be  stated,  not  only  in 

During   1917   New   Britain,   Conn.,   a   city   of   55,000,   sold  gallons  per  capita  per  day,  but  in  gallons  per  day  per  mile 

to  metered    consumers   a    total  of    73  gal.    per   capita   per  of  mains. 

day,  of  which  57  per  cent  (or  43  gal.  per  capita)  was  used  Were  such  facts  stated  in   many  reports,  it  would  prob- 

by  the  factories,  the  remaining  43  per  cent   (or  30  gal.  per  ably   be   discovered   that   new   units   of   water   consumption 

cat)ita)   being  used  by  domestic  and  business  consumers.  could   be  derived   that   would  be   preferable  to  the  present 

During  1917  Springfield,  Mass.,  a  city  of  109,000  persons,  daily  gallons  per  capita  unit.     Thus  it  might  be  found  that 
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€ach  domestic  consumer  would  average  300  gal.  per  day; 
each  commercial  or  businesH  consumer  600  gal.  per  day: 
each  $1,000  of  weekly  payroll  of  factories,  10,000  gnl.  per 
day;  each  mile  of  city  streets.  0,000  gal.  per  day  for  public 
uses;  each  mile  of  water  mains.  5.000  gal.  lost  by  leakage. 
The  Ave  units  Just  named  are  obviously  not  perfectly.  Ideal, 
but  we  believe  that  some  sucli  simple  classification  Into  4 
to  t;  units  would  serve  most  jjurposes.  and  would  certainly 
be  preforablf  to  the  "per  capita"  or  the  "per  tap"  unit. 


Why  It  Devolves  Upon  Engineers 

to  Advise  Congress  on  Public 

Works  Programs 

In  his  recent  address  to  ("i)ni;ress.  President  Wilson  urges 
Congress  to  make  appropriations  for  the  reclamation  of 
arid.  swami>y  and  loKged-off  lands,  but  he  makes  no  other 
definite  sugRestion  as  to  public  works  projects.  In  fact,  he 
seems  to  think  that  nearly  all  skilled  workers  will  speedily 
find  employment.  The  return  to  a  peace  footing,  he  says, 
"promises  to  outrun  any  inquiry  that  may  be  Instituted 
and  any  aid  that  may  be  offered."  He  even  goes  so  far  as 
to  say  of  the  readjustment  process:  "It  will  not  be  easy 
to  direct  it  any  better  than  it  will  direct  itself.  The  Amer- 
ican business  man  is  of  quick  initiative." 

There  are  many  business  men  who  are  talking  in  no  such 
confident  strain  about  the  celerity  with  which  nearly  one- 
fourth  our  workers  will  find  new  employment  when  war 
Industries  are  shut  down  and  the  army  demobilized.  "The 
American  businessman  is  of  quick  initiative,"  but  no 
amount  of  such  quickness  will  enable  him  to  effect  a  rapid 
readjustment  where  10,000.000  workers  are  Involved.  As 
■well  expect  the  speedy  moving  of  a  mountain. 

President  Wilson,  absorbed  in  his  plans  for  the  peace 
conference,  apparently  fails  to  realize  the  gravity  of  the 
industrial  situation  that  confronts  America.  It  will  de- 
volve upon  professional  and  business  men  to  arouse  Con- 
gress to  the  urgency  of  planning  public  works  expenditures 
on  a  scale  commensurate  with  the  needs  of  the  hour.  In 
this  movement  the  55,000  members  of  engineering  societies 
should  take  the  leading  part.  Not  only  are  engineers  the 
<fnly  large  body  of  trained  economists  in  the  land,  but  they 
are  particularly  well  informed  on  public  works  matters. 
From  engineers,  therefore,  should  come  both  legislative 
programs  and  specific  plans  for  the  wisest  expenditures  of 
public  lunds  during  the  readjustment   period  now  at  hand. 


Prof.  Mann   Advocates  Teaching 

"The  Appraisement  of  Values 

and  Costs" 

Thirteen  years  ago  next  month  this  periodical  began  its 
career  as  "a  serial  sequel  to  the  Handbook  of  Cost  Data." 
At  that  time  no  engineering  periodical  gave  more  than  a 
moiety  of  attention  to  articles  on  costs  and  values.  The 
effect  of  our  long  editorial  campaisn  favoring  the  publica- 
tion of  analyzed  cost  data  may  be  judged  not  only  by  the 
fact  that  many  other  engineering  periodicals  have  followed 
our  lead,  but  also  by  the  fact  that  many  engineering  col- 
leges  are  teaching  cost  analysis  and   cost  estimating. 

Perhaps  the  most  Important  teport  on  engineering  ed- 
ucation ever  published  Is  that  by  Prof.  Charles  R.  Mann, 
an  abstract  from  the  preface  of  which  appears  in  another 
column  In  that  report  Prof.  Mann  repeatedly  emphasizes 
the  necessity  of  teaching  "the  appraisement  of  values  and 
costs."     For  example,  he  says: 

"The  real  purpose  for  which  engineering  schools  were 
established  is  to  increase  industrial  production,  because  the 
ultimate  aim  of  engineering  Is  more  IntelllKcnt  produc- 
tion. But  every  production  project  requires  the  co-ordina- 
tion and  adjustment  of  three  factors,  namely,  scientific 
theory,  mechanical  practice  and  cost.  .  .  .  Therefore  engi- 
neering education  is  likely  to  be  more  effective  in  propor- 
tion as  it  fosters  the  development  of  skill  In  determining 
the  most  expedient  adjustments  among  theory  and  prac- 
tice and  cost.  .  .  . 


"It  thus  appears  that  an  adequate  treatment  of  the  first 
element  in  production  Involves  not  only  a  scientific  presen- 
tation of  the  laws  of  nature  and  the  properties  of  mate- 
rials, but  also  an  estimation  of  the  values  and  costs  from 
both  the  material  and  the  human  points  of  view  The 
chasm  between  the  srhool  and  practical  life  Is  due  largely 
to  a  failure  to  appreciate  this  fact.  The  introduction  of  the 
study  of  values  and  costs  in  all  their  phases  Is  the  most 
direct  method  by  which  the  schools  can  bridge  this  chasm. 
Such  study  is  also  one  of  the  most  potent  means  of  liberat- 
ing creative  energy  and  developing  the  spirit  of  Investiga- 
tion." 

Noting  particularly  the  next  to  last  sentence  our  older 
subscribers  will  recognize  Its  complete  accord  with  edi- 
torials that  have  appeared  In  this  periodical  for  nearly  13 
years.  About  seven  years  ago  a  professor  of  civil  engi- 
neering wrote  us  stating  that  our  articles  and  books  on 
cost  analysis  and  engineering  economics  had  revolutionized 
the  study  and  teaching  of  engineering.  While  appreciative 
of  praise  from  so  high  a  source,  the  editor  felt  that  if  any 
radical  change  in  the  teaching  of  engineering  in  all  col- 
leges was  to  be  effected,  many  years  of  work  yet  remained 
for  many  workers.  Prof.  Mann's  report  shows  very  clearly 
that  the  so-called  "commercializing"  of  engineering  has  not 
yet  been  accomplished  In  all  engineering  colleges.  There 
is  still  a  strong  inclination  to  teach  pure  science  apart 
from  its  application,  and  to  give  inadequate  attention  to 
analyses  of  costs  and  to  other  branches  of  economics. 

Incidentally,  we  may  add,  Prof.  Mann  does  not  mention  In 
his  report  the  study  of  logic.  It  is  true  that  no  .book  on 
logic  is  Ideal  for  the  purposes  of  engineers,  and  that  a  good 
practical  logic  remains  to  be  written ;  nevertheless,  why 
the  study  of  logic  is  not  named  as  an  essential  part  of  every 
engineer's   training  is  difl[icult  to  understand. 

In  a  subsequent  issue  we  will  give  extensive  abstracts 
from  Prof.  Mann's  report.  Abstracts  from  the  preface  are 
given  elsewhere  in  this  Issue. 


Who  Is  an  Engineer? 

To  the  EMitor:  In  your  issue  of  Dec.  4.  under  the  cap- 
tion, "Who  Is  an  Engineer?"  you  present  a  very  interest- 
ing discussion  of  a  perplexing  question.  I  am  one  of  those 
who  "has  not  studied  the  chapter  on  definition  in  several 
works  of  logic"  and  therefore  have  not  an  enlightened  ap- 
preciation of  "what  constitutes  a  scientific  definition." 

I  appreciate  very  fully,  however,  the  difiBculty  of  an  all- 
inclusive  and  sufficiently  exclusive  definition  of  "Who  Is  an 
Engineer."  I  have  tried  to  make  such  a  definition  many 
times  and  never  produced  a  result  upon  which  I  could  look 
and  say.  it  is  very  good. 

You  urge  objections  to  both  Tredgoid's  and  Krom's 
(Ipfinitions.  upon  the  ground  that  the  element  of  good  to 
mankind  is  given  prominence  We  must  admit  that  the 
human  mind  can  conceive  and  the  human  hand  construct 
from  the  materials  in  nature  something  ingenious  in  de- 
sign and  produced  with  wonderful  economy  of  material  and 
labor  which  would  be  of  no  service  to  mankind  and  yet  it 
would   be  the   work  of  an  engineer. 

.\gain  we  must  admit  that  this  same  human  mentality 
can  direct  human  power  to  produce  scientifically  and  eco- 
nomically a  mechanism  which  In  Its  operation  is  extremely 
harmful  to  mankind,  such  as  the  engines  of  war  whose 
function  Is  to  destroy  life  and  property.  The  men  who 
produce  these  things  are  engineers  and  their  productions 
may  benefit  one  group  of  mankind  while  it  destroys  another 
group  and  causes  unutterable  misery.  The  devilish  mani- 
festations of  this  class  of  engineering  skill  have  been  too 
evident  upon  the  battlefields  of  Europe. 

What  we  require  is  a  definition  suited  to  the  pursuits 
and  the  needs  of  peace,  and  we  want  the  kind  of  engineer 
who  can  "benefit  mankind"  by  his  knowledge;  skill  and 
experience.  We  want  a  human  engineer,  not  a  cold,  ab- 
stract being  whose  effort  Is  centered  on  a  creation  which 
has  no  relation  to  human  welfare.  We  want  human  wel- 
fare paramount,  promoted  In  the  most  scientific  and  eco- 
nomical manner  possible  of  attainment  That  Is  the 
thought  In  the  Krom  definition  and  that  Is  the  thought 
which  for  the  good  of  mankind  should  dominate  the  mind 
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of  the  engineer,  no  matter  in  which  branch  of  the  engi- 
neering profession  he  has  enlisted  for  his  life's  work.  The 
definition  which  is  responsible  for  your  editorial  and  this 
letter  calls  for  the  kind  of  engineer  that  the  world  needs. 
May  his  kind  increase.  ISHAM  RANDOLPH. 

Chicago,  111. 


Sanitary  Condition  of  Streets  of 
San  Francisco 

To  the  Editor:  In  your  issue  of  Nov.  13  I  noticed  some 
generalizations  by  you  on  matter  published  by  the  San 
Francisco  Chronicle  relating  to  the  cleanliness  of  San 
Francisco's  streets. 

While  this  department  of  the  city's  administration  is  en- 
tirely outside  of  the  scope  of  my  activities,  which  are  en- 
tirely confined  to  construction  work,  I  cannot  permit  an 
untruthful  and  misleading  libel  copied  from  this  Journal  to 
go  unchallenged. 

I  just  returned  to  San  Francisco  after  a  two  months' 
visit  which   covered  Washington,  New   York,   Chicago,  and 
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Fig.    1 — Influenza   Cases   at  San    Francisco    From    September   1    to 
'  November  24,    Showing    Effect   of    Masking. 

some  of  the  other  principal  cities  in  the  United  States,  and 
during  the  past  six  years  I  have  taken  in  other  communities 
under  my  observation,  and  I  can  say  truthfully,  from  personal 
observation,  that  the  sanitary  condition  of  streets  of  San 
Francisco  is  equal  if  not  superior  to  those  of  any  city  that 
I  may  have  seen.  The  cleaning  of  the  streets  of  the  city 
is  under  the  charge  of  a  bureau  of  the  Board  of  Public 
Works  with  a  very  able  engineer  and  superintendent,  Mr. 
Owen,  in  charge.  He  has  received  continuous  commenda- 
dation  from  the  storekeepers,  public,  and  others  who  are 
interested  in  this  work,  and  who  would  quickly  criticise 
any   delinquencies   in   same. 

The  record  of  health  statistics  of  the  United  States  dem- 
onstrates that  this  city  is  above  the  average  from  a  health 
standpoint  Ours  is  the  hilliest  city  in  the  United  States, 
ranging  from  sea  level  to  800  ft.  in  height,  hence  no  stag- 
nant water  rests  anywhere  in  the  city.  Besides,  a  splendid 
modern  system  of  arterial  sewers  has  been  constructed  at 
a  cost  of  $6,300,000,  which  is  the  most  up-to-date  in  the 
United  States.  Before  the  modern  era  of  1900,  when  the 
new  charter  was  adopted,  the  good  old-fashioned  street 
superintendent,  who  was  elected  by  the  public,  had  juris- 
diction over  the  size  of  sewers,  and  a  great  many  of  the 
old  sewers  have  been  uniformly  made  of  this  size,  3  ft.  by 
3  ft.  brick,  regardless  of  the  fact  that  an  8-in.  or  a  10-in. 
pipe  would  in  most  cases  carry  the  drainage  in  small  areas 
where  tbose  units  were  constructed.  The  present  admin- 
istration can  assume  no  responsibility  for  the  errors  and 
malpractice  of  the  past,  which  prevailed  in  most  of  our 
large  cities  before  the  value  of  the  scientific  sanitary  engi- 
neer came  to  be  appreciated. 
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It  is  a  noticeable  fact  that  the  influenza  epidemic  has  hit 
San  Francisco  lighter  than  it  did  any  other  city,  which  at- 
tests not  only  the  excellent  sanitary  conditions  prevailing, 
but  also  the  resistant  physique  of  our  inhabitants.  I  am 
enclosing  you  the  latest  report  (see  Fig.  1)  from  the  Health 
Board  on  the  influenza  condition,  which  has  practically  been 
exterminated  in  San  Francisco. 

We  rather  proudly  claim  precedence  among  other  cities 
of  having  the  best  high  pressure  fire  system  in  the  United 
States,  72  miles  in  length,  carrying  300  lb.  pressure  to  the 
inch.  This  is  necessary  as  about  two-thirds  of  our  city  is 
built  of  wood,  and  we  get  a  rebate  of  $1,000,000  a  year  in 
insurance  rates,  which  pays  over  16  per  cent  on  our  in- 
vestment for  fire  system  costing  to  date  about  $6,000,000. 

We  are  the  only  city  in  the  United  States  that  has  built 
.md  operated  a  municipality  owned  street  railway  system, 
costing  about  $7,000,000,  at  a  profit.  We  have  also  spent 
$5,400,000  in  traffic  tunnels,  have  built  the  best  group  of 
municipal  buildings  in  the  civic  center  and  in  other  ways 
take  precedence  in  municipal  activities  in  the  United 
States. 

M.  M.  O'SHAUGHXESSY, 

San  Francisco,  Cal.  City  Engineer. 


Water  Powers  of  the  British  Empire 

The  Water  Power  Committee  of  the  conjoint  board  of 
scientific  societies  of  Great  Britain  in  its  preliminary  report 
issued  in  October,  estimates  the  potential  waterpower  of 
tRe  empire  to  be  at  least  50,000,000  to  70,000,000  HP.  The 
committee  further  concludes: 

(2) — That  must  of  this  is  capable  of  immediate  economic 
development. 

(3) — That  except  in  Canada  and  New  Zealand,  and  to  a 
less  extent  in  New  South  Wales  and  Tasmania,  no  syste- 
matic attempt  has  as  yet  been  made  by  any  government 
department  to  ascertain  the  true  possibilities  of  the  hy- 
draulic resources  of  its  territories  or  to  collect  the  relevant 
data. 

(4) — That  the  development  of  the  empire's  natural  re- 
sources is  inseparably  connected  with  that  of  its  water- 
powers.  * 

(5) — That  the  development  of  such  enormous  possibili- 
ties should  not  be  left  to  chance,  but  should  be  carried  out 
under  the  guidance  of  some  competent  authority. 


Carrying  Capacity  of  Some  Old  Water  Mains. — Interest- 
ing information  on  the  results  of  tests  of  the  carrying  ca- 
pacity of  water  mains  is  given  in  the  annual  report  of  the 
Water  Commissioners  of  Hartford,  Conn.,  for  the  year  end- 
ing :Marcb  31.  1917.  The  following  is  a  brief  summary  of 
the  tests  made  in  that  city  during  the  last  few  years: 
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Engineering  Students  at  University  of  Illinois. — The  num- 
ber of  undergraduate  students  registered  in  the  College  of 
Engineering  of  the  University  of  Illinois  on  Nov.  1.  totaled 
1,584.  Of  this  number  84  were  seniors,  133  juniors,  225  sopho- 
mores and  1.141  freshmen.  The  total  enrollment  in  the  Uni- 
versity was  5.216.  This  does  not  include  students  in  the  de- 
partments located  in  Chicago. 
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Graduated  Slope  Ga^e  and   Mov- 
able Stilling  Box  for  Canal 
Measurements 


A  I  (iiiibiiiutlun  til 
^•xcfllMiit  rt>sults  III 
jifiicrlbfd  by  Mr.  \V. 
KerliiniHtioii  Sorvice, 


^<IK•'  aiiit  stllllllK  box  lliut  bus  ^Iveli 
mi'iisiir<-nu-nlK  in  irrigation  canals  is 
(;.  Steward.  Asslslani  KnKint'er.  l'.  S 
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:iii.\  desired  width  with  (our  eciiiidisiant  parallel  marks 
dividing  the  width  of  the  lioard  into  live  parts.  The  cross 
graduations  are  spaced  accordln.i;  to  the  slope  desired.  The 
•■rooves  and  cross  niarl<s  are  cut  into  the  wood  about  '■«  in. 
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PLAN 
Plan   and    Elevation   of   Gaga   and   Stlllmo    Bos 


»  Ide  and  of  about   equal  depth      The  tiKures  are  easily  and 
iiilckly  cut    with  a   I'-i-haped  car\inR  tool. 

In   practice  the   parallel   crooves  are  cut   In  the  boards  at 
'lie  mill  and  the  graduations  and   flgiires  are  made  in  the 


Concrete   Gage    Set   in    Canal    Lining. 

lield  to  conform  to  any  convenient  slope  that  may  be  found 
preferable.  The  foot  points  are  determined  with  a  level 
and  rod  alter  the  slope  and  location  of  the  board  have  been 
established. 

The  anchor  frames  are  set  into  the  canal  bank  and  the 
board  lilted  thereto,  but  it  is  not  fastened  till  all  niarkinss 
are  completed.  By  KeltinK  the  anchor  frames  deep  this 
loriii  of  gage  resists  the  heavins  of  the  frost. 

The  concrete  gage  Is  usually  marked  on  canal  lining  or 
on  the  rating  flumes  while  tiie  cement  is  setting,  and  the 
graduations  are  made  to  conform  to  the  particular  slope 
used.  The  parallel  lines  and  the  cross  graduations  are 
readily  made  with  a  tlat  bar  of  Iron,  which  has  been  rounded 
;il   one  corner. 

A  nail  slightly  bent  at  one  end  and  Hied  snuiuth  makes 
a  good  marking  tool  for  the  numerals.  However,  they  flre 
best  made  from  dies  cut  on  the  end  of  soft  wood  blocks. 
With  '.i  small  set  of  carving  tools  one  can  cut  the  necessary 
IIP  dies  in  a  short  time.  The  blocks  from  which  the  dies 
are  cut  should  be  about  IM:  In.  square  and  about  :!  in.  long. 
The  period  is  made  with  the  blunt  end  of  a  lead  pencil  or 
a  smooth  rounded  stick.  Hy  diiiping  these  blocks  In  water 
immediately  before  using,  the  annoyance  of  having  the 
wet  concrete  slick  to  them  i-<  avoided  (Jages  should  be 
painted  white  and  flgures  marked  in  black.  This  form  of 
gage  reads  0.02  ft.  and  can  be  estimated  to  O.iil  if  condt- 
tlon'j  are  good. 

When    the    water  surface   fluctuates,   as   It    does   In   most 
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canals,  a  simple  and  efficient  movable  stilling  box  is  easily- 
made  and  installed  with  the  gage. 

The  stilling  box  tor  the  board  gage  is  built  so  that*  the 
sides  extend  over  the  sides  of  the  gage  board  and  the  ends 
of  the  box  rest  on  the  face  of  the  board.  There  is  no  bot- 
tom or  top  in  the  box.  It  should  fit  fairly  close  so  as  to 
prevent  as  far  as  possible  any  rapid  influx  and  efflux  of 
water  due  to  wave  action.  The  box  may  be  weighted  at 
either  or  both  ends  as  circumstances  require  by  placing 
therein  shelves  on  which  can  be  placed  stones  or  other 
heavy  material.  The  box  is  held  in  place  by  a  wire  or  rope 
fastened  to  a  stake  or  to  the  upper  end  of  the  gage.  The 
box  will  give  a  closer  record  if  it  is  not  allowed  to  set  too 
deep  into  the  water;  especially  is  this  true  if  the  current 
is  swift. 

In  case  of  concrete  gages  where  the  surface  of  the  gage 
is  flush  with  the  face  of  the  lining  or  rating  flume  the  still- 
ing box  is -placed  flat  on  the  surface  of  the  lining  and  its 
lower  edges  are  padded  with  sacking  or  canvas  tacked 
thereto  to  prevent  too  rapid  movement  of  water  between 
the  box  asd  the  concrete. 

This  stilling  box  has  been  used  on  gages  where  there 
had  been  much  uncertainty  in  the  reading  due  to  the  wave 
motion  in  the  canal  and  in  no  place  has  there  been  any 
further  trouble.  In  one  place  where  the  wave  motion  was 
some  0.4  ft.  the  box  reduced  it  to  about  0.02  ft. 


"Doped"  Water 

It  seems  to  be  the  popular  belief  among  many  people  who 
have  never  taken  the  pains  to  find  out  what  treatment  the 
water  undergoes,  that,  from  time  to  time,  large  amounts 
of  alum  and  other  chemicals  are  dumped  into  the  reservoirs. 
It  is  their  belief  that  the  mud  and  other  substances  with 
which  the  raw  water  is  contaminated  are  mysteriously  de- 
stroyed or  changed  to  some  invisible  form,  and,  that  when 
the  water  reaches  the  consumer,  it  is  still  impregnated  with 
the  chemicals  used  in  the  treatment.  It  naturally  follows 
that,  whenever  any  noticeable  change  takes  place  in  the 
taste  or  hardness  of  the  water,  they  immediately  think  of 
"chemicals"  and  complaints  are  the   result. 

One  kind  of  complaint  which  frequently  comes  to  us  in 
the  winter  time  is  illustrated  by  a  single  instance.  A  lady 
informed,  me  that  she  had  had  the  hot  water  pipe  in  the 
furnace  replaced  four  times  within  two  years  "because  it 
became  clogged  with  the  stuff  I  was  putting  into  the  water." 
When  asked  how  she  knew  what  it  was,  she  replied  that 
that  was  what  the  plumber  had  told  her.  It  took  only  a 
little  explanation  to  convince  her  that  the  white  deposit, 
which  had  stopped  the  hot  water  pipe,  was  not  "the  stuff 
we  were  putting  into  the  water,"  but  only  the  "temporary 
hardness"  or  "alkalinity,"  which  is  naturally  in  the  river 
water;  and  that  it  had  been  deposited  in  the  pipe  because 
the  plumber  had  persisted  in  placing  the  pipe  so  close  to 
the  firebed  that  the  water  in  the  pipe  was  boiling  a  great 
deal  of  the  time. 

The  only  way  to  get  rid  of  this  prejudice  against  "doped" 
water  is  by  informing  the  public.  A  little  explanation  on 
the  part  of  water  works  employes,  and,  perhaps,  a  cour- 
teous invitation  to  the  complaining  consumer  to  visit  the 
plant  and  see  the  working  of  the  process  would  go  a  long 
way  toward  converting  him. — From  the  last  annual  report 
of  Jos.  B.  Thornell.  Chemist,  Purification  Department.  Coun- 
cil Bluffs,  la.,  water  works. 


Cost  of  Garbage  Incineration. — The  following  figures  on 
the  disposal  of  garbage  by  incineration  are  given  by  W.  T. 
Knowlton,  Engineer  of  Sewers  of  Los  Angeles,  in  a  paper 
prepared  for  the  21st  annual  convention  of  the  League  of 
California  Municipalities:  The  cost  of  construction  of  an 
Incinerator  varies  from  $200  to  $1,000  per  ton  daily  ca- 
pacity, an  average  price  being  $600.  The  cost  of  operation 
and  maintenance  may  vary  from  50  ct.  to  $3  per  ton.  In  Ohio 
the  cost  was  found  to  vary  from  $1  to  $2.60  per  ton.  For 
a  100-ton  plant  it  is  considered  that  the  labor  required  will 
be  50  ct.  per  Ion.  the  cost  of  collection  an  additional  $2,  mak- 
ing a  total  of  $2.50  per  ton  of  garbage  for  collection  and 
disposal. 


Methods  of  Garbage  and  Rubbish 

Collection  and   Disposal  in 

Larger  American  Cities 

An  investigation  of  the  methods  employed  by  various 
American  cities  for  collecting  and  disposing  of  garbage 
and  rubbish  has  been  made  recently  by  a  committee  ap- 
pointed by  the  Mayor  of  Pittsburgh.  This  committee  con- 
sisted of  John  A.  Sauer.  Superintendent  of  Bureau  of  Sani- 
tation; F.  F.  Booth  of  the  Division  of  Investigation,  and  of 
J.  C.  Slippy,  Chief  Accountant,  Bureau  of  Costs.  An  ab- 
stract of  their  report  follows: 

Baltimore. — The  city  of  Baltimore  collects  its  own  gar- 
bage, ashes  and  rubbish,  and  pays  a  private  contractor  for 
reducing  the  garbage.  In  the  early  part  of  191S,  Mr.  Wal- 
ter E.  Lee,  Water  Engineer  of  Baltimore,  was  directed  by 
the  Board  of  Estimates  to  visit  different  cities  and  make 
recommendations  for  improvements  in  the  service.  The 
outstanding  features  of  Mr.  Lee's  report  were  that  rubbish 
should  be  disposed  of  by  incineration,  incinerators  being 
established  in  several  sections  of  the  city,  and  that  the  city 
dispose  of  its  garbage  by  contract,  for  reduction.  The  high- 
est bid  received  was  $2.3,000  per  year,  and  the  city  decided 
to  build  its  own  reduction  plant,  entering  into  a  contract 
with  the  Cobwell  Corporation  of  New  York.  The  Capital 
Issues  Committee  at  Washington  then  intervened  in  the 
matter,  and.  on  the  ground  that  the  adoption  of  either  of 
the  above  plans  would  leave  the  present  contractor's  plant 
idle,  requested  the  city  to  defer  the  construction  of  its 
plant  for  the  period  of  the  war,  and  continue  the  old  con- 
tract  (paying  $75,000  per  year  for  reduction). 

The  cost  of  collection  of  garbage  is  not  kept  separately, 
the  collection  of  garbage,  ashes  and  rubbish  being  per- 
formed by  the  Department  of  Street  Cleaning  at  a  total 
cost  of  approximately  $225,000  per  year,  the  total  cost  for 
collection  and  disposal  of  all  city  refuse  being  about  $300,- 
'•00  per  year. 

Men  on  collection  wagons  are  paid  $3.25  per  day  for  S 
hours,  one  man  being  employed  to  each  wagon.  The  city  is 
divided  into  four  districts  with  a  stable  in  each  and  in 
charge  of  a  superintendent,  each  district  being  subdivided 
into  routes  The  reduction  company  removes  dead  ani- 
mals 

Chicago. — The  collection  of  garbage  in  Chicago  is  per* 
formed  by  city  force  under  the  ward  system,  a  ward  su- 
perintendent in  each  ward  being  held  responsible  for  con- 
ditions in  his  district.  Thirty-five  inspectors,  one  for  each- 
ward,  look  after  garbage  complaints.  The  garbage  must 
be  accessible  to  the  collector  and  if  not  properly  separated, 
the  Health  Department  makes  the  householder  remove  it 
at  his  own  expense.  Two  men  are  employed  for  each  col- 
lection wagon  and  are  paid  $3  per  day  of  8  hours;  $S  per 
day  is  paid  for  team  hire,  if  driven  by  owner  or  his  em- 
ploye, the  garbage  wagon  being  furnished  by  the  city. 

Collections  are  not  made  from  all  hotels,  as  many  of 
these  sell  their  garbage  to  a  private  collector  engaged  in 
hog  feeding.  A  private  corporation  pays  the  city  $28,000 
per  year  for  privilege  of  removing  dead  animals. 

The  average  cost  per  ton  for  collection  in  1917  was  $3.42, 
and   for  the  first  six  months  of  191S  this  figure  was  $3.50. 

The  reduction  plant  was  acquired  by  the  city  through 
condemnation  proceedings  several  years  ago,  and  additional 
machinery  has  been  added  from  time  to  time.  For  this  rea- 
son, the  plant  is  not  as  efficient  as  one  constructed  under 
a  complete  scheme  and  engineered  to  meet  all  the  neces- 
sities with  a  view  of  minimizing  production  costs. 

In  1017,  4.023.480  lb.  of  grease  and  22,680  tons  of  tank- 
age were  produced,  the  average  price  received  for  these 
products  being  $.0757  per  pound  for  grease  and  $10.27  per 
Ion  for  tankage,  due  to  sale  as  a  whole  under  annual  con- 
tract. Prices  for  the  five  months  beginning  Aug.  1,  1918, 
will  be  $.1157  per  pound  for  grease,  and  $16.85  per  ton  for 
tankage.  The  production  of  grease  for  1918  has  fallen  20 
per  cent  under  that  for  1917.  It  was  stated  by  the  engi- 
neer in  charge  that  in  spite  of  this  decrease  the  reduction 
plant  would  show  a  profit  of  $47,000  for  the  first  six  months 
of  1918  on  reduction  without  municipal  overhead  or  inter- 
est on  investment  charge  or  plant  depreciation. 
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Analysis  made  In  1918  shows  that  a  ton  of  raw  garbage 
contains  the  following: 

;  Oil  per  cent  urease. 
-2,05  j}er  cvnt  tiinkago, 
75.35  pvr  cent  iiiolaturo  and  rubbish. 

Tests  show  that  the  grease  produced  lu  the  plant  con- 
tains S  per  cent  glycerine. 

A  very  complete  costkeeping  system  la  used  by  the  Bu- 
leau  of  Streets,  and  the  costs  given  are  accurate  but  do 
not  Include  interest  and  depreciation  on  the  plant  Invest- 
ment. The  preliminary'  system  of  handling  raw  garbage 
in  this  plant  Is  not  considered  sound  practice  by  others  in 
the  work  as  the  garbage  Is  first  submitted  to  a  hot  air 
dryer,  only  the  steel  sheets  on  the  revolving  drums  being 
l)ctween  it  and  the  flames,  thus  carbonizing  a  percentage 
of  the  grease  and  tankage  into  inert  and  practically  value- 
less matter. 

Cincinnati.— Garbage  collection  and  disposal  in  Cincinnati 
is  performed  by  a  private  contractor  under  a  lump  sum 
contract,  this  contract  expiring  Dec.  1.  1918. 

Two  men  are  employed  on  each  collection  wagon.  The 
city  pays  $3  per  day  for  drivers  and  $2.75  per  day  for  help- 
ers on  ash  collections,  and  the  contractor  probably  pays 
the  same  rate  for  garbage  collection. 

The  amount  of  garbage  for  1917  estimated  at  48,000  tons. 

Iiead  animals  must  be  removed  by  contractors  on  notice. 

Cleveland. — The  city  of  Cleveland  collects  its  own  gar- 
bage and  operates  its  own  reuuction  plant  at  Willow,  O. 

The  district  system  of  collection,  similar  to  the  ward 
system  in  Chicago,  is  used.  The  average  length  of  haul 
to  the  loading  station  is  now  from  4  to  (i  miles.  The  con- 
struction of  four  loading  stations,  now  planned,  will  re- 
duce the  length  of  haul  to  2  miles,  and  cut  the  cost  of  col- 
lection accordingly. 

One  man  is  employed  on  each  collection  wagon,  being 
paid  $3.7.1  per  day. 

In  1917,  3.071.022  lb.  of  grease  and  6.241  tons  of  tank- 
age were  produced  from  the  garbage.  This  is  sold  under  an 
annual  contract,  the  prices  received  being  $.135  per  pound 
lor  grease  and  $18.82  per  ton  for  tankage. 

In  May,  1917.  the  garbage  yielded  3.23  per  cent  of  grease. 
In  JIay.  1918,  this  percentage  had  fallen  to  2.57  per  cent. 

.\  few  years  ago  the  city  of  Cleveland  had  an  appraisal 
made  of  all  city  property  and  this  appraisal  was  written 
up  in  the  auditor's  books  and  kept  under  control  currently, 
maintenance  costs  being  charged  as  such  and  depreciation 
being  written  up  yearly.  The  effect  of  this  system  is  to 
place  the  accounts  of  the  city,  particularly  those  bureaus 
which  are  entirely  or  in  part  self-supporting,  on  the  same 
basis  as  that  of  a  private  corporation. 

The  average  cost  for  collection  and  disposal  over  tho 
five-year  period,  1913-1914.  was  $1.76  per  ton. 

The  Clevela-nd  city  plant  difi'ers  from  that  of  Chicago  in 
that  the  raw  garbage  is  immediately  placed  in  high  tanks 
railed  digesters,  and  cooked  under  steam  pressure,  thus 
eliminating  the  deterioration  in  quantity  and  quality  of  the 
subsequent  products,  although  the  balance  of  the  operation 
is  more  complicated  and  cumbersome,  and  makes  a  sliglitly 
higher  reduction  cost  based  on  the  amount  of  raw  garbage 
handled  than  does  the  system  in  use  in  Chicago. 

Kansas  City.  Mo.— Kansas  City  pays  $57,000  per  year  to  a 
private  contractor  for  removal  and  disposal  of  garbage, 
SS.Ono  tons  alleged  to  have  been  collected  last  year.  The 
contractor  feeds  the  raw  garbage  to  hogs  on  a  ranch  lo- 
cated near  the  Kansas  City  Stock  Yards.  This  contractor, 
r.  Rhea,  also  operates  hog  feeding  ranches  at  Nashville. 
Tenn..  and  Camp  McClellan   (.\nnlston.  Ala.). 

The  Kansas  City  contract  is  for  three  years  and  calls  for 
at  least  two  collections  per  week  from  residences,  and  one 
per  day  from  hotels,  hotels  and  restaurants  being  permitted 
to  sell  their  garbage  to  the  contractor.  No  other  person 
Is  allowed  to  collect  garbage,  although  the  contractor  can 
?ublet  districts  to  other  collectors.  A  bond  of  $25,000  is 
furnished  to  the  city  by  the  contractor. 

The  drivers  of  the  collection  wagons  are  paid  $2.75  per 
day.  only  one  man  being  employed  on  each  wagon. 

Sixteen  inspectors  attached  to  the  Department  of  Health 
look  after  garbage  complaints,  but  city  ofliclals 'Stated  that 
they    were   getting   good    service. 

At   the   Kansas  City   ranch,   garbage   Is   fed   on   concrete 


slabs,  these  being  washed  each  morning.  No  more  odor  is 
evident  in  this  ranch  than  that  common  to  the  ordinary 
stockyard.  The  hogs  used  are  first  innoculaled  against 
hog  cholera,  tho  contractor  averring  that,  in  this  opera- 
tion -he  lost  5  per  cent  of  the  number  treated.  St.  Louts. 
as  a  municipality,  tried  this  experiment  of  bog  feeding 
with  garbage  for  a  short  time,  but  It  was  not  wholly  suc- 
cessful. Reduction  plant  pays  3  ct.  per  pound  for  dead 
aninials. 

Milwaukee. — The  municipality  owns  and  operates  an  In- 
cinerator and  collects  garbage,  ashes  and  rubbish.  Teams 
were  secured  for  $4.50  per  day  in  1917.  but  the  1918  rate 
has  increased  to  $6  per  day.  Collections  are  not  made  from 
hotels,  these  selling  to  private  collectors  who  use  it  for 
hog  feeding.  It  was  slated  that  the  ordinary  household 
garbage  carried  an  extremely  small  percentage  of  grease. 
Twenty-six  inspectors  look  after  complaints.  In  1917,  46,- 
t'7!i  tons  of  mixed  refuse  were  burned  at  the  incineratof  at 
a  total  cost  of  $72,079.  or  $1.5:',  per  ton.  This  per  ton  cost 
is  applied  to  the  total  tons  of  garbage  collected  In  arriv- 
ing at  the. cost  of  incineration  given.  Steam  Is  generated 
at  the  incinerator  and  furnished  to  the  Milwaukee  River 
flushing  station. 

Milwaukee  requires  the  householder  to  paper  wrap  all 
garbage  and  place  where  immediately  accessible  for  collec- 
tion. The  garbage  wagons  bearing  these  paper  wrapped 
parcels  were  not  noticable  for  od»r  from  the  sidewalk,  and 
that  factor  was  only  discernible  on  closely  approaching  the 
vehicle.  From  the  standpoint  of  unobjectionable  service, 
this  condition  was  only  e<)ualed  in  other  cities  where  the 
garbage  was  similaVly  handled.  Unfortunately,  the  system 
is  fatal  from  a  reduction  standpoint,  the  paper  absorbing 
so  much  of  the  grease,  and  there  is  no  method  for  remov- 
ing it,  and,  in  addition,  the  labor  entailed  in  unwrapping 
makes  it  out  of  the  question.  Dead  animals  are  removed 
by  city  force. 

Minneapolis. — Up  to  1918.  the  city  of  Minneapolis  dis- 
posed of  its  garbage  by  incineration,  conducting  both  op- 
erations, collection  and  Incinerations,  with  the  city  force. 
In  the  early  part  of  this  year,  the  city  let  a  contract  to  the 
Reservoir  Heights  Pig  Feeding  Co.  to  take  all  the  garbage 
delivered  by  the  city  f.o.b.  cars  at  the  central  loading  sta- 
tion, and  pay  the  city  $1.26  per  ton  delivered,  the  city  using 
the  paper  wrapped  method  of  collection.  For  collection 
purposes,  the  city  is  divided  into  ?A  districts,  a  collector 
in  each  district  being  held  responsible  for  the  work  in  his 
district.  Two  men  are  employed  on  each  wagon,  the  col- 
lector being  paid  $130  per  month  for  his  service  with  the 
team,  and  the  helper,  $2.80  per  day  for  S  hours,  the  city 
owning  the  wagons.  The  collectors  haul  their  loads  to 
three  sub-stations,  and  from  these  points,  the  garbage  Is 
taken  by  wagon  and  trailer  to  the  loading  station.  Collec- 
tions are  only  made  from  residences,  the  hotels  selling  their 
garbage  to  private  collectors. 

The  Minneapolis  garbage  is  handled  In  a  similar  man- 
ner to  that  of  Milwaukee,  the  householder  being  required 
to  drain  and  wrap  It  in  paper  before  it  is  placed  in  the 
cans  No  tin  cans,  crockery  or  glass  are  allowed  In  the 
cans,  the  Health  Department  looking  after  proper  separa- 
tion. 

An  analysis  of  the  garbage  made  in  1917  In  all  city  wards 
showed  that  it  contained  only  1  per  cent  of  grease.  Dead 
animals  are  owner's  property  and  sold  by  them. 

New  'Y'ork.— The  collection  of  garbage  in  the  three  bor- 
oughs of  Manhattan,  Brooklyn  and  the  Bronx  in  the  city  of 
'New  York  is  under  the  jurisdiction  of  the  Department  of 
Street  Cleaning. 

The  contract  for  disposal  of  garbage  was  with  the  Metro- 
politan By-Producjs  Co..  the  contractor  to  pay  the  city  the 
first  year  $120,000.  with  an  Increase  of  $30,000  per  year 
for  the  remaining  four  years.  This  contract  began  opera- 
lion  on  January  2d.  1917,  to  continue  for  a  period  of  five 
years.  The  new  Stnten  Island  plant,  using  the  Cobwell 
System,  started  operations  in  April,  1917,  and.  in  Deceifl- 
ber.  was  receiving  all  the  garbage  from  Manhattan,  The 
Bronx  and  Brooklyn. 

Philadelphia.— The  collection  and  disposal  of  garbage  in 
T'hiladr-lphia  Is  performed  under  lump  sum  annual  contract. 
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the  amounts  for  the  last  few  years  heing  as  follows:  1917, 
$432,000;   1918,  $.575,256;   1919,  $4St).00O. 

No  check  is  kept  on  the  amount  of  garbage  collected,  ex- 
cept that  the  total  amount  collected  during  some  month 
is  weighed  and  thus  used  as  the  average.  Inspectors  keep 
clo.so  watch  on  complaints,  being  required  to  turn  in  a  re- 
port on  the  complaint  48  hours  after  its  receipt.  The  con- 
tractor is  fined  $1  per  day  tor  each  house  which  he  fails 
lo  collect  from. 

St.  Louis. — Garbage  is  collected  in  St.  Louis  by  cily  force 
;in<l  delivered  to  a  contractor  at  dumps  on  barges  and  is 
then  tiansported  to  the^  reduction  plant  at  their  expense. 
The  city  pays  $.87  per  ton  to  the  contractor  for  disposal 
and  the  contractor  stated  that  he  was  willing  to  renew  at 
that  figure,  but  would  not  accept  less  or  pay  any  bonus 
for   it. 

The  district  system,  similar  to  that  of  Chicago,  is  used 
in  collection.  One  man  is  employed  on  each  wagon,  he 
l)eing  paid  $7.5  per  month  for  S  hours  per  day.  The  average 
length  of  haul  to  the  dumiis  is,  at  present.  4%  miles,  but 
ihe  engineer  stated  that,  by  the  construction  of  loading 
stations,  this  could  be  cut  to  2%  miles.  Four  inspectors 
attached  to  the  Department  of  Streets  and  Sewers,  look 
after  complaints. 

St.  Paul. — About  half  of  the  garbage  in  the  city  of  St. 
Paul  is  collected  by  the  city,  and  the  balance  by  54  licensed 
collectors  who  pay  a  license  fee  of  $5  each  per  year.  Gar- 
bage collected  by  the  city  is  delivered  to  hog  farms  just 
outside  the  city  limits,  selling  at  an  average  price  of  from 
.f1   to  $1.25  per  ton. 

Teamsters  on  city  collection  are  paid  $100  a  month,  and 
furnish  the  teams  and  running  gear,  and  the  city,  the  wagon 
boxes.  City  wagons  are  provided  with  an  opening  for 
draining  each  load,  before  being  delivered  to  the  contrac- 
tor. 

The  length  of  haul  is  much  higher  in  St.  Paul  than  the 
average  city,  as  the  garbage  is  hauled  about  2  miles  further 
nut  of  the  collection  districts  than  would  be  required  if 
some  other  system  of  disposal  were  adopted. 

There  is  no  regular  collection  of  refuse  and  ashes,  the 
householder  being  required  to  dispose  of  these  by  having 
them  hauled  away  by  the  licensed  scavengers  at  his  ex- 
pense. 


Work  of  Division   of  Engineering   to  Be 
Continued 

The  work  of  the  Division  of  Engineering  of  the  U.  S. 
Employment  Service  is  already  known  to  thousands  of 
technical  men  who  registered  during  the  war.  Many  of 
these  men  were  placed  in  positions  that  made  them  very 
useful  in  the  projecting  of  the  war.  Others  were  placed, 
to  their  advantage,  with  important  concerns,  while  many 
others  were  still  maintained  for  the  development  and  re- 
search w^ith  the  Government.  It  is  gratifying  to  know  t^at 
this  work  will  be  continued  for  reclamation  and  recon- 
struction. This  service,  the  first  of  its  kind  in  the  his- 
tory of  the  ITnited  States,  is  free  of  charge  and  for  anyone 
who  desires  it.  The  registration  blanks  can  be  obtained 
from  A.  H.  Kroni.  Director  of  Engineering,  29  S.  La  Salle 
St.,  Chicago,  111. 


New  Bill  Form  Has  Useful  Features 

The  new  form  of  monthly  light  and  power  bill  recently 
placed  in  service  by  the  Houston  (Tex.i  Light  and  Power 
Co.  contains  certain  features  that  might  well  be  adopted 
for  water  bills.  The  Houston  form,  states  the  Electrical 
World,  provides  space  for  the  statement  of  account,  a  no- 
tice to  the  consumer  and  a  duplicate  bill,  all  in  one  sheet. 
The  duplicate  bill  folds  over  so  that  the  customer  receives 
a  carbon  copy  and  the  original  is  held  in  the  office.  This 
is  very  desirable  in  view  of  the  large  number  of  requests 
that  are  received  each  month  for  duplicate  bills. 

It  was  felt  that  the  amount  of  labor  involved  in  handling 
consumer  accounts  could  be  relieved  considerably  if  the 
customer  could  be  kept  advised  as  to  when  to  expect  the 
meter  reader  and  the  date  on  which  his  bill  may  be  paid 
in  order  to  secure  the  discount.  By  the  use  of  the  new 
form  this  has  been  accomplished.  Also,  this  form  auto- 
matically   provides   a   duplicate   bill   which   can   be   held   in 


'iTON  UCHIINC  i  POWER  CO.  1»S 


^, 

"' 

i.rf|.-.V-                                 S„»,N. 

1    W  a..*.^  (..  UCHT 

1 

^,j. 



- 

- 

r.(o/  c-M.  am. 

1-  CW.  «  c..«  «-.  .  «....  :._ 

UlmlNtiB,!!    1 
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the  office,  ready  when  the  consumer  calls  and  says  the  bill 
has  been  mislaid  or  not  received. 

It  has  been  the  experience  in  Houston  that  about  90  per 
cent  of  the  customers  who  apply  for  duplicates  have  either 
misplaced  their  bills  or  failed  to  bring  them  along.  As  a 
check  on  the  bill  deliveries,  however,  the  bookkeeper  asks 
each  customer  if  he  receives  his  bills  regularly,  and  there 
is  an  investigation  of  all  cases  where  trouble  is  reported. 
Very  frequently  the  customer  knows  the  amount  of  his 
bill  and  all  he  wants  is  a  receipt  for  the  amount  and  the 
last  date  of  reading.  Under  the  present  system  this  is  now- 
ready  for  him.  As  a  rule  the  customer  is  not  interested 
in  the  actual  figures  of  the  meter  reading  and,  therefore, 
this  information  has  been  left  off  the  new  Houston  bill. 

By  the  use  of  an  indelible  pencil  the  bill  need  only  he 
filled  but  once,  and  the  form  provides  itemized  informa- 
tion so  that  it  is  not  necessary  to  again  refer  to  the  ledgers 
in  case  of  inquiry,  and  the  customer  is  advised  definitely 
as  to  the  date  of  meter  reading  and  the  discount  day. 


War  Gardens  Produce  $525,000,000  Worth  of  Food  in  1917. 
— According  to  a  report  of  the  National  War  Garden  Com- 
mission the  5,285.000  war  gardens  in  the  United  States  in 
1918  produced  food  valued  at  $525,000,000,  an  increase  of 
more  than  50  per  cent  over  that  grown  in  1917. 
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Need'^of'Raising'i Water  Rates  to 
Offset  Increased  Costs* 

By  JOHN  J    MOORE, 
Owner  and  MamiKcr  of   Wai.  r   Cuminiiii.-H.    Huston.    Muk.s. 

In  a  general  way.  the  cost  of  materials  used  in  operating 
water  plants  has  advanced  all  the  way  from  150  to  250  per 
cent.  F'uel  and  wages  have  advanced  100  per  cent.  Figures 
which  1  quote  are  taken  from  the  records  of  companies  In 
which  1  am  Interested  and  In  all  of  which  we  have  either 
increased  or  aske<l  for  an  incrcuse  in  the  water  rates. 

In  one  Massachusetts  company  S  or  9  years  ago  we  were 
paying  to  the  town  In  taxes  50  per  cent  less  than  what  we 
were  receiving  from  them  In  hydrant  rental.  Last  year  yifi 
paid  them  $1,300  more  in  taxes  than  we  received  from  them 
III  hydrant  rental;  that  Is,  the  amount  paid  to  them  was  30 
per  cent  more  than  the  amount  received  from  them. 

In  another  Massachusetts  company  the  taxes  have  ad- 
vanced 43  per  cent  In  the  last  5  years. 

Operating  costs  in  both  of  the  above  mentioned  companies 
have  advanced  during  the  last  year  In  percentages  varying 
from  50  to  80  per  cent.  Where  oil  is  used  as  fuel  the  increase 
is  between  50  and  60  per  cent.  Where  coal  is  used,  the  in- 
crease is  about  80  per  cent.  Wages  of  pumping  stations 
have  advanced  from  30  to  45  per  cent.  Wages  of  engineers 
have  advanced  50  per  cent.  Day  laborers  have  advanced  60 
per  cent  over  1917,  which  showed  at  least  30  or  40  per  cent 
advance  over  previous  years. 

Companies  which  two  or  three  or  even  one  year  ago  were 
earning  an  average  of  8.S  per  cent  on  the  capital  stock  are 
today  earning  6.3  per  cent.  Companies  which  were  earning, 
a  year  ago,  an  average  of  4^  per  cent  on  the  capital  stock 
are  today  earning  a  little  less  than  2  per  cent  on  the  capital 
stock. 

This,  in  brief,  is  the  problem  many  water  companies  are 
today  facing.  The  question  is.  how  to  meet  it.  There  seems 
to  be  only  one  way,  and  that  is  to  raise  the  rates. 

Probably  the  greatest  question  is  how  and  where  to  get 
the  increased  rates.  There  is  a  question  now  as  to  what 
proportion  of  rates  the  towns  should  bear  as  compared  to 
•'hat  paid  by  domestic  users.  The  old  idea  was  that  the  town 
should  get  all  It  possibly  could  for  the  lowest  rental.  In  the 
West  it  has  been  held  by  public  utility  commission  that  the 
cost  of  building  and  maintaining  a  system  of  water  works 
giving  fire  protection  to  a  town  or  city  is  about  06%  per  cent 
more  than  the  cost  of  a  system  supplying  water  for  domestic 
tisers  only,  and  therefore  the  proportion  of  the  burden  of 
supporting  a  public  utility  in  such  a  way  as  to  render  effi- 
cient service  to  the  town  or  city  should  be  greater  for  the 
town  or  city  rather  than  for  the  domestic  users. 

In  a  recent  decision  given  by  the  Maine  Public  Utility 
Commission  It  was  stated  that  25  per  cent  of  the  total 
revenue  necessary  to  operate  a  company  and  pay  a  fair  re- 
turn on  the  Investment  was  not  too  large  for  the  town  to 
pay.     (Guilford,  Me.) 

It  Is  a  much  fairer  adjustment  of  rates  for  towns  and  mu- 
nicipalities to  bear  the  larger  portion  of  the  revenue  required 
by  water  companies,  but  it  becomes  a  matter  of  educating 
townspeople  to  this  Idea. 

In  a  recent  decision  In  Pennsylvania,  the  commission  de- 
cided that  a  water  company  should  bo  entitled  to  earn.  In 
addition  to  the  -expense  of  operation  and  annual  deprecia- 
tion, a  7  per  cent  return  on  the  value  of  Its  plant.  (York 
County  Water  Company.) 

In  another  decision  the  same  commission  decided  that  a 
water  company  In  a  town  where  they  ordered  certain  im- 
provements should  receive  an  .S  per  cent  return  on  the  valua- 
tion fixed  by  the  commission.  This  valuation,  by  the  way, 
was  fixed  by  the  commission  as  only  $15,000  less  than  the 
boojt  value  of  the  company.     (Montrose,  Pa.) 

The  California  Commissioner  also  considers  a  net  return 
of  8  per  cent  on  the  valuation  as  a  fair  return.  Taking  an 
example  a  little  nearer  home,  the  Maine  rtllltles  Commis- 
sioners have.  In  a  decision  rendered  in  i;tl7.  stated  that  they 
consider  6  per  cent  net  income  on  the  fair  valuation  of  the 

•From  the  Journal  of  the  N*w  Bncbind  Waterworks  Associa- 
tion.    Al'Straof   of  a  paper   presented   nt   the   Septenilier   mi'ctlnt,-. 


properties  of  a  water  company  a  fair  return  on  the  invest- 
ment.    (Cullford  I 

1  believe  that  instead  of  Inireasing  the  domestic  rates  to 
meet  these  Increased  expenses  to  which  the  companies  have 
been  put  on  account  of  the  Increased  cost  of  fuel  and  labor, 
so  as  to  pay  the  stockholders  a  fair  return  on  their  iiivest- 
ment.  the  towns  and  cities  should  pay  a  larger  hydrant 
rental.  In  Massachusetts  the  towns  pay  a  fair  hydrant 
rental,  but  they  get  It  all  back  In  ta.\e».  One  company  paid, 
last  year,  $l,n00  more  In  taxes  than  It  received  for  hydrant 
rental.  Now,  there  Is  no  question  but  what  the  company  was 
the  cause  of  a  big  growth  In  that  town.  When  the  company 
was  Installed,  about  17  years  ago,  the  town  had  a  valuation 
of  about  $3,000,000,  while  they  now  have  a  valuation  of  $12,- 
000,000.  At  that  time  there  were  about  67  takers;  now 
there  are  l,20o  to  1.400  water  takers.  The  company  asked 
the  town  to  call  a  town  meeting  and  increase  the  hydrant 
rental,  which  they  refused  to  do,  so  the  company  has  brought 
it  before  the  commissioners  to  have  them  decide — which 
they  have  a  right  to  do — whether  the  town  shall  pay  k  larger 
hydrant  rental  or  the  people  shall  pay  a  larger  water  rate. 

In  one  of  the  towns  In  Maine  where  we  had  this  same  thing 
come  up,  we  went  to  the  town  meeting  and  put  it  up  to  them 
in  this  same  light,  and  they  voted  to  increase  the  hydrant 
rental  200  per  cent  a  year.  I  believe  this  Is  the  fair  way, 
because  in  all  these  towns  there  are  miles  of  mains  that  are 
running  by  building  lots  that  have  more  than  doubled  In 
value,  and  the  owners  are  not  paying  anything  at  all  for  the 
use  of  the  main.  I  believe  that,  by  taxing  those  lots,  and 
every  other  lot  in  the  town  in  proportion,  that  is  a  fair  way 
to  get  at  the  increased  revenue  that  will  have  to  be  raised 
in  order  to  give  these  water  companies  a  fair  return  on  their 
investments.  I  do  not  know  of  any  of  the  water  companies 
in  this  state  (I  am  interested  in  three)  that  are  earning 
more  than  a  fair  return  on  the  amount  of  capital  that  is  in- 
vested— none  are  earning  over  6  per  cent — and  I  know  of  a 
number  that  are  not  paying  any  dividend  at  all.  and  never 
have  earned  money  enough  since  they  have  been  doing  busi- 
ness to  pay  any.  Since  the  increase  in  price  of  fuel  and  la- 
bor has  occurred,  on  account  of  the  war.  some  of  the  gentle- 
men who  are  interested  in  them  tell  me  that  they  are  not 
earning  their  operating  expenses. 


Frost  Penetration  Last  Winter 

The  report  of  the  Committee  on  Frozen  Water  Mains  ol 
the  New  England  Water  Works  Association,  submitted  at 
the  September  meeting  of  the  association,  includes  much 
information  on  the  frost  conditions  encountered  last  win- 
ter in  various  sections  of  the  country.  Forty-three  cities 
reported  that  frost  was  noted  at  depths  of  6  ft.  or  over. 
In  57  cities  the  average  depth  of  frost  penetration  was  4 
ft.  or  over,  while  27  cities  reported  an  average  depth  of 
."  ft.  or  over.  The  greatest  depth  noted,  9  ft.,  was  at  Du- 
luth  and  St.  Paul,  Minn.  In  the  first  city  the  penetration 
was  in  clay,  and  rock  soil;  in  the  second  It  was  in  sand  and 
gravel.  At  St.  Paul  the  average  depth  was  7.5  ft.  Depths 
of  S  ft.  were  noted  at  Winnipeg,  Man.,  in  gravel  soil  and  at 
St.  John,  N.  B.,  in  clay  soil. 


Leakage  from  New  Water  Mains.— All  important  sections 
of  new  mains  in  the  distribution  system  of  Hartford,  Conn., 
are  subjected  to  a  hydrostatic  test  for  leakage  before  be- 
ing put  in  service.  Between  March  1,  1916,  and  March 
1,  1917.  5f.  sections  were  tested  at  a  test  pressure  of  100 
10  125  lb.  per  square  Inch.  The  following  tabulation  from 
the  report  of  the  Board  of  Water  Commissioners,  for  the 
year  ending   March  1,  1917,  shows  the  results  of  the  test-. 

L,eakeKe. 

Cnllon.s  per  24  hour;:.  Cost  of  testlntr. 

Per  lln.  Len(rlh  Cost 

Slie.          LenKth.         ft.  lead        Per  Inch             of  perfoot. 

In.            Lln.  ft.           Joint.         mile  pipe,  section.  Ct. 
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Instructions  for  the  Operation  of 
Sewage  Plants 

The  following  schedule  of  operations  for  the  satisfactory 
and  effective  working  of  sewage  plants  is  abstracted  for  a 
bulletin  issued  recently  by  the  Bureau  of  Sanitary  Engi- 
neering of  the  Texas  State  Board  of  Health: 

Septic  Tanks. — Great  depths  of  scum  should  not  be  al- 
lowed to  form  on  the  surface  of  the  liquid.  This  should  be  fre- 
quently broken,  liberating  the  entrained  gases  and  allowing 
the  solids  to  settle  where  more  active  decomposition  will 
take  place.  A  stream  of  water  under  good  pressure  can  be 
used  to  good  advantage  for  this  purpose. 

Remove  sludge  from  bottom  of  septic  tank  at  least  once 
in  every  three  or  four  months. 

This  sludge  should  be  spread  on  drying  beds  in  order  to 
facilitate  the  dewatering  of  same,  after  which  it  can  be 
either  burned  or  carted  away. 

Grit  and  Screen  Cliambers. — Do  not  allow  deep  accumu- 
lations to  grit  to  remain  in  the  grit  chamber.  This  grit 
should  not  be  allowed  to  wash  into  the  settling  chambers, 
but  should  be  disposed  of  outside  of  the  tanks.  Clean 
screens  once  every  day.  Record  date  of  cleaning,  amount 
of  screenings,  how  disposed.  Bury  or  burn  screenings  as 
soon  as  removed.  Flush  bottom  of  screen  cliamber  as 
needed.  There  will  probably  be  some  heavy  matter  which 
will  not  be  caught  on  the  screen,  but  which  may  lodge  back 
of  the  screen,  and  this  should  be  flushed  out  before  it  has 
started  to  decompose.  Specified  intervals  cannot  be  given 
for  this  flushing,  but  a  careful  watch  kept  for  these  condi- 
tions will  enable  the  operator  to  know  when  to  flush. 
Imhoff  Tanks. 

Channels. — Keep  channels  clean  at  all  times.  Flush  out 
deposits  once  a  day  in  winter  and  twice  a  day  in  summer. 
Clean  channels  thoroughly  before  reversing  flow  in  tanks. 
Deposits  are  most  likely  to  occur  in  the  channels  at  the 
inlets  to  the  tanks.  Care  must  be  taken  that  these  de- 
posits are  washed  into  the  tanks  and  are  not  allowed  to  get 
into  the  outlet  channels.  Before  reversing  the  flow  through 
the  tanks,  be  sure  that  the  channel  which  is  to  become 
the  outlet  channel  when  flow  is  reversed,  is  thoroughly 
cleaned  and  that  the  deposits  are  swept  into  the  tanks. 
Deposits  in  channels  tend  to  cause  odors. 

Settling  Compartments. — Skim  off  oil,  grease  and  all 
floating  matters  at  least  once  every  day.  Dispose  of  oil 
and  grease  outside  of  tanks.  Do  not  let  oil  from  barrels  get 
into  catch  basins.  Floating  materials,  such  as  matches, 
corks,  rubber  goods,  etc.,  behind  baffles  and  all  scum  col- 
lecting upon  the  surface  of  the  sewage  passing  through  the 
chambers  should  be  removed.  This  can  be  done  hy  means 
of  a  dish-shaped  perforated  skimmer,  perhaps  18  to  20  in. 
in  diameter,  attached  to  a  long  wooden  handle.  The  scum 
and  floating  material  may  be  thrown  into  the  scum  cham- 
bers. Clean  sides  and  bottoms  of  settling  compartments 
once  a  day  in  winter  and  twice  a  day  in  summer.  This  may 
be  done  with  a  rubber  squeegee,  a  flat  hardwood  board 
from  12  to  24  in.  long  and  from  3  to  4  in.  wide  with  rubber 
edges  and  a  light  wooden  handle  of  length  determined  by 
the  dimensions  of  the  chambers.  Clean  slots  once  a  day. 
Reverse  flow  in  tanks  every  two  weeks.  Remove  all  float- 
ing matter  between  scum  boards  and  end  of  tanks  before 
reversing  flow.  In  cleaning  down  the  sides  of  the  settling 
chambers  the  cleaner  should  be  moved  slowly  and  the  de- 
posits removed  from  the  sides  forced  through  the  slot  into 
the  sludge  chambers.  This  is  especially  necessary  at  the 
outlet  end  of  the  tanks  so  that  the  matters  scraped  from 
the  walls  are  not  stirred  up  and  carried  away  into  the  out- 
let channels.  See  that  every  part  of  the  tank  is  cleaned, 
for  it  deposits  adhere  to  the  sides  and  decompose  odors 
are  sure  to  result.  At  times  of  reversing  flow,  clean  down 
thoroughly  all  parts  of  the  tanks  between  the  scum  boards 
and  the  end  of  the  tank  at  the  inlet  end  (or  what  will  be 
the  outlet  end  when  the  flow  is  reversed).  After  the  de- 
posits which  have  been  stirred  up  In  cleaning  have  been 
settled,  reverse  the  flow.  Most  of  the  floating  matter  on 
these  tanks  can  be  made  to  settle  by  sprinkling  with  water. 
Oil  and  grease,  however,  must  be  skimmed  off  and  removed 
from  the  tank. 


Sludge  Chamber. — Measure  and  record  depth  of  sludge 
once  a  week.  This  may  be  done  by  means  of  a  weighted 
board  or  sheet  iron  plate  from  12  to  IS  in.  square  attached 
to  a  wire  or  cord  or  to  a  long  light  rod  of  wood  or  gas 
pipe.  Stir  up  sludge  once  a  week  with  pressure  water 
through  perforated  lead  pipe.  E.vcessive  scum  formation 
can  sometimes  be  checked  by  the  occasional  use  of  this 
perforated  pipe.  When  this  is  done  some  of  the  gas  in 
the  sludge  is  driven  off  and  there  is  consequently  less  ten- 
dency for  it  to  rise  into  the  scum  chambers.  Furthermore, 
if  the  activity  of  the  organisms  in  the  sludge  seems  to  be 
retarded,  due  to  the  excessive  formation  of  so-called  en- 
zymes or  other  by-products  of  their  existence,  these  may 
he  disseminated  and  diluted  by  spraying  water  through 
the  perforated  pipes  in  question.  Never  let  sludge  get  to 
such  a  depth  that  its  upper  surface  is  nearer  than  18  fn. 
to  the  slot.  Measure  and  record  depth  of  sludge  about  two 
hours  hefore  and  after  removing  sludge.  Remove  sludge 
about  every  two  months.  Flush  sludge  pipes  with  pressure 
water  after  removing  sludge.  About  an  hour  before  remov- 
ing sludge,  open  valve  for  a  few  minutes  so  as  to  loosen 
up  the  sludge  about  the  sludge  riser  pipe.  This  should  be 
done  some  time  before  the  sludge  is  drawn,  so  that  the 
sludge  has  time  to  settle;  otherwise  partly  digested  sludge 
may  be  withdrawn  to  an  objectionable  extent.  To  remove 
the  sludge,  open  the  valve  at  the  sludge  riser,  the  pressure 
of  the  water  above  will  then  force  sludge  into  the  pipes 
leading  to  the  sludge  bed.  If  from  any  cause  the  sludge  pipe 
should  become  clogged  it  may  be  cleaned  by  pushing  a  rod 
through  it  or  forcing  water  or  clarified  sewage  through  it 
under  sufficient  pressure.  Sludge  should  be  removed  from 
one  pocket  of  the  tank  at  a  time.  It  is  better  to  remove 
smaller  amounts  of  sludge  at  frequent  intervals  than  to 
withdraw  large  quantities  Infrequently.  After  withdraw- 
ing sludge,  the  sludge  pipes  must  be  fiushed.  This  can  be 
done  by  opening  the  valves  or  by  back-flushing  from  water 
connections.  The  water  used  in  flushing  should  be  dis- 
charged upon  a  section  of  the  drying  beds  on  which  there 
is  no  sludge.  The  line  leading  to  the  beds  may  be  back- 
flushed,  if  necessary,  by  putting  water  from  a  hose  in  the 
pipes  at  the  beds.  Water  must  be  kept  at  the  sludge  dry- 
ing beds.  If  partly  digested  sludge  appears,  the  valve  lead- 
ing to  the  bed  must  be  closed  at  once.  Partly  digested « 
sludge  can  be  recognized  by  its  grayish  color,  and  by  Its 
foul  odor.  Digested  sludge  is  brownish-black,  with  only 
a  faint  tarry  or  rubbery  odor,  which  disappears  in  a  short 
time,  leaving  the  sludge  with  an  odor  similar  to  garden  soil. 

Gas  Vents  or  Scum  Chambers. — Break  up  scum  in  gas 
vents  daily.  Record  distance  from  top  of  scum  to  top  of 
walls.  Record  appearance  and  odor  of  scum.  If  the  float- 
ing scum  or  sludge  which  collects  in  the  gas  vents  cannot 
be  broken  up  by  sprinkling  with  water,  then  it  will  have 
to  be  broken  up  with  a  pole,  spade  or  otherwise.  Large 
quantities  of  scum  must  not  be  allowed  to  collect  in  the 
gas  vents.  All  matter  which  will  not  settle  by  sprinkling 
or  agitation,  should  be  removed  from  the  tank  and  burned. 
Great  depths  of  scum  will  not  digest  properly  and  may  giv« 
off  more  or  less  offensive  odors  of  decomposition.  No  de- 
composing material  should  be  allowed  to  accumulate  in 
these  chambers,  otherwise  septic  action  may  take  place 
and   disagreeable  odors   be   produced. 

Sludge  Drying  Beds. 

Put  sand  on  beds  before  putting  on  sludge.  Put  sludge 
on  beds  preferably  to  a  depth  of  about  6  to  8  in.;  never 
over  12  in.  Make  the  necessary  measurements  and  records 
called  for  by  the  operating  sheets.  Before  applying  sludge 
to  the  drying  beds,  a  thin  layer  (about  Vs  in.)  of  sand  or 
very  fine  stone  should  be  put  on  the  beds.  This  will  pre- 
vent the  sludge  from  working  down  into  the  stone  on  the 
beds.  Never  put  partly  digested  sludge  on  the  drying  beds, 
but  bury  at  once.  Do  not  put  freshly  withdrawn  sludge  on 
top  of  sludge  already  on  the  beds,  as  it  will  not  dry  quickly. 
Do  not  remove  from  the  drying  beds  sludge  which  Is  only 
partly  dried.  Wet  or  freezing  weather  interferes  with  the 
drying  of  sludge,  so  that  it  is  better  not  to  withdraw  sludge 
during  wet  or  freezing  weather.  After  drying,  sludge  may 
be  used  as  a  fertilizer  upon  lands,  or  it  may  be  used  for 
filling  in  low  places.     It  is   well  worth  hauling  away  and 
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utilizing  upon  cultivated  lands.  It  has  the  advantage  o( 
being  able  to  lighten  heavy  soils  and  would  no  doubt  fur- 
nish humus  to  soils  which  are  lacking  in  this  feature.  When 
deposited  in  fills,  the  thoroughly  digested  sludge  does  not 
undergo  putrefaction  and  will  not  cause  any  nuisance  due 
to  odors.  Measi>rements  should  be  made  as  soon  as  the 
sludge  is  placed  on  the  beds  and  Just  before  removal  from 
the  beds.  Weather  conditions  should  be  carefully  recorded. 
Dosing  Chamber. 

All  floating  matter  which  may  have  passed  through  the 
settling  chambers  into  the  dosing  chaniber  must  be  skimmed 
off.  These  matters  if  allowed  to  discharge  will  clog  the 
nozzles  of  the  filters.  Clean  down  sides  of  tank  and  do  not 
allow  accumulations  to  adhere  thereto.  Clean  bottom  of 
tank  whenever  any  appreciable  amount  of  matter  remains 
in  same  after  discharging.  See  that  all  pipe  connections 
to  the  siphon  are  perfectly  tight.  If  joints  are  not  air  tight, 
the  siphon  will  not  discharge  properly,  if  at  all.  It  screens 
are  placed  in  dosing  chamber,  clean  same  daily. 
Sand   Filters. 

Except  in  emergency  cases  no  sand  filter  shall  be  used 
continuously  for  more  than  one  day.  but  should  be  dosed 
alternately,  arranging  so  that  one  bed  can  be  cleaned  and 
rested  without  interfering  with  the  successful  operation 
of  the  plant.  Every  morning  before  dosing  beds  they 
should  be  raked  lightly  to  a  depth  of  'i  in.  with  fine  sharp 
rakes.  When  the  surface  of  the  filter  sand  becomes  so 
clogged  that  the  sewage  does  not  percolate  into  the  filter, 
allow  bed  to  rest  until  the  surface  is  dry  and  then  rake  the 
sand  to  a  depth  of  :.  in.  or  slightly  deeper.  When  this  will 
no  longer  increase  the  porosity  of  the  surface  sufficiently 
to  permit  the  sewage  to  percolate,  put  the  filter  out  of  use 
and  after  resting  and  drying,  scrape  oft  and  remove  the 
clogged  surface  of  sand  to  a  depth  of  approximately  %  In.; 
then  loosen  the  surface  lightly  with  sharp  pointed  rakes; 
then  allow  bed  to  rest  at  least  one  day  before  again  put- 
ting Into  service. 

Contact  Beds. 

The  surface  of  the  stone  should  be  kept  at  a  point  3  or 
■i  in  above  the  water  level  in  the  beds.  This  will  prevent 
the  attack  of  flies  on  the  sewage.  Tlie  automatic  control 
apparatus  must  be  kept  in  perfect  operation  at  all  times. 
After  a  service  of  5  years,  more  or  less,  the  contact  ma- 
terial becomes  filled  with  sewage  solids  and  will  have  to  be 
removed,  cleaned  and  replaced. 

Sprinkling   or  Trickling    Filters. 

The  nozzles  should  be  examined  every  day  and  thoroughly 
cleaned.  The  side  walls  should  be  carefully  washed  down, 
and  kept  free  of  dirt,  flies  and  gnats.  The  main  drains  should 
be  flushed  out  at  least  once  a  week  with  water  under  pres- 
sure. If  dirt  and  dust  settles  on  top  of  filter  same  should 
be  removed  and  the  bed  washed  with  water  so  as  to  pre- 
vent clogging.  Keep  the  bed  free  from  leaves,  papers,  etc. 
If  the  mat  which  forms  on  top  of  the  filter  becomes  so  thick 
as  to  prevent  the  percolation  through  the  filter,  it  should 
be  raked  off  and  the  bed  carefully  washed  with  water. 
Activated  Sludge   Method. 

The  purification  of  sewage  by  aeration  in  tlie  presence 
of  activated  sliidgf  is  still  in  its  infancy,  and  the  varied 
character  of  plants  being  built  forbids  the  giving  of  full 
instructions  covering  all  of  the  details  of  operation.  Each 
plant  will  have  to  be  governed  by  special  instructions  of 
the  engineer  In  charge,  but  a  few  general  directions  may 
be  given  as  follows:  .Ml  dust  and  oil  should  be  excluded 
from  the  air  introduced.  The  presence  of  grit  seriously 
affects  the  process,  hence  attention  should  be  given  to  the 
grit  chambers  to  see  that  they  are  functioning  properly. 
All  sewage  should  be  first  screened  before  entering  aera- 
tion chambers  in  order  to  remove  all  indestructible  matter 
such  as  rags,  orange  peelings,  matches,  corks,  rubber  goods, 
etc.  A  close  observation  must  be  kept  on  the  operation  of 
the  diffusers  Ifiltros  plates,  wooden  diffusers,  or  perforated 
pipes)  in  order  that  the  maximum  efficiency  may  be  derived. 
Air  should  be  delivered  in  large  nuantitles  of  very  small 
bubbles  distributed  through  the  entire  cross  section  of  the 
tank,  rather  than  large  bubbles  in  portions  of  the  tank. 
Broken  diffusers.  or  diffusers  which  have  become  worn  or 
clogged  will  not  operate  properly.  Provision  must  be  made 
for  the  de-watering  of  the  sludge.     This   may   be  done   by 


providing  large  sand  areas  upon  which  It  may  be  dried  or 
by  providing  suitable  presses  for  the  purpose.  In  drying 
the  sludge  upon  sand  beds  a  larger  area  is  required  than 
fur  Iinhoff  tanks  sludge  and  it  should  be  placed  upon  the 
beds  in  thin  layers  as  It  dries  very  slowly.  One  method 
which  seems  to  be  especially  favorable  to  Texas  condltlonB 
is  the  mixing  of  lignite  dust  with  the  sludge  as  It  is  with- 
drawn from  the  tanks,  subsequently  placing  this  mixture 
upon  the  sand  beds  to  dry.  This  mixture  dries  much  more 
rapidly  than  the  unadulterated  sludge  and  after  drying  may 
be  used  as  a  fuel,  thus  disposing  of  the  sludge  as  well  as 
utilizing  the  dust. 

Chlorination. 

The  amount  of  chlorine  to  be  used  shall  be  determined 
by  actual  tests  and  there  shall  be  left  posted  in  the  chlorina- 
tion house  a  chart  giving  the  amount  of  dose  required  for 
various  flows  of  sewage  effluent,  and  shall  also  state  in  de- 
tail the  method  of  operating  the  chlorinating  apparatus. 
The  operator  shall  not  make  any  change  or  adjustments  In 
the  equipment  other  than  regulating  the  flow  or  dose  with- 
out first  receiving  permission  from  the  superintendent  In 
charge. 

Measurement  of  Sewage. 

The  flow  of  sewage  into  the  tanks  should  be  measured 
from  time  to  time  In  order  to  obtain  the  volume  of  sewage 
entering  the  tank.  Where  daily  tests  are  made  on  the  ef- 
fluent it  will  be  necessary  to  know  the  amount  of  sewage 
being  treated  to  arrive  at  an  intelligent  conclusion  as  to 
the  purification  perfected. 

Sampling  and  Testing. 
^  Make  tests  of  the  amount  of  the  settling  solids  in  the  raw 
sewage  and  the  tank  effluent  every  day  at  2  p.  m.  by  the 
use  of  conical  glasses.  Make  putresclbllity  tests  every  day 
of  samples  of  the  raw  sewage,  tank  effluent  and  final  efflu- 
ent. These  results  of  putresclbility  tests  with  methylene 
blue  should  be  recorded  on  a  percentage  scale  in  terms  of 
stability  as  recommended  by  Professor  Phelps  of  the  Tnited 
States  Public  Health  Service  and  listed  on  page  SS  of  Ful- 
ler's book  on  "Sewage  Disposal."  Make  bacterial  tests  every 
day  at  2  p.  m.  corresponding  to  sample  in  the  schedule  above 
stated  for  putrescibility  tests. 

Records  of  Operation. 

Keep  full  records  of  results  of  operation  at  the  plant,  post- 
ing the  results  with  a  pencil  in  white  line  prints  of  the  rec- 
ord form.  These  pencil  records  should  be  signed  by  the 
attendant  and  sent  to  the  State  Board  of  Health  after  the 
Sanitary  Commission  has  looked  them  over  carefully  with 
the  attendants.  On  operating  sheets  should  be  kept  a  com- 
plete record  of  all  data  touching  on  the  operating  features 
above  stated.  In  addition  there  should  be  a  complete  record 
of  the  height  of  water  in  the  stream  into  which  the  effluent 
is  discharged,  and  in  the  operation  of  troubles,  such  as  odors, 
unsightly  conditions  in  and  around  the  plant,  all  of  which 
unusual  features  should  be  put  onto  the  records  under  '•Re- 
marks." The  attendant  should  keep  a  diary  at  the  plant  to 
record  any  unusual  features  that  do  not  appear  on  the  pencil 
notes  on  the  operating  sheets.  The  diary  should  record  the 
receipt,  or  the  ordering,  or  the  need  of  any  new  supplies,  or 
changes  at  the  plant.  The  diary  should  show  the  presence 
of  any  number  of  extra  workmen  employed  and  what  they 
do.  It  should  show  visits  from  any  of  the  machinery  con- 
cerns and  the  cause  of  their  visit.  It  should  deal  with  the 
special  things  and  the  operating  records  should  deal  with 
these  things  which  are  of  regular  occurrence.  The  diary, 
Together  with  the  operating  records,  should  give  a  complete  , 
history  of  the  plant  from  day  to  day  and  the  attendants 
should  be  taught  not  to  be  afraid  to  put  down  things  which 
seem  adverse  or  unfavorable  to  them,  because  the  record  of 
such  observations  is  the  surest  way  of  leading  to  a  prompt 
and  satisfactory  remedy  of  unsatisfactory  items  and  the  im- 
provement in  operating  conditions  as  the  flow  of  sewage  and 
other  factors  change  from  time  to  time. 


Annual  Meeting  of  National  Drainage  Congress. —The  Na- 
tional Drainage  Congress  will  hold  its  7th  annual  meeting 
in  Chicago.  III..  Dec.  IS  and  14.  191S.  at  the  Y.  M.  C.  A..  19 
S.  La  Salle  St.  The  ablest  engineers,  statesmen,  lawyers, 
business  men.  scientists  and  contractors  will  take  part  In 
the  program. 


(119) 


550 


ENGINEERING    AND     CONTRACTING 


\^ol.  50,  No.  24. 


Garbage  Disposal  by  Feeding  to 
Hogs 

The  United  States  Food  Administration  in  a  bulletin  on 
garbage  disposal  issued  last  February,  gives  the  following 
information  on  the  hog  feeding  method  of  disposing  of  gar- 
bage: 

The  test  of  the  practicability  of  the  feeding  method  of 
disposal  is  the  selling  possibilities  of  the  pork  produced. 
There  is  no  benefit  in  feeding  if  the  pork  is  unfit  for  food  or 
if  a  popular  prejudice  will  prohibit  it  from  selling  freely. 

Of  the  66  cities  estimated  to  have  in  excess  of  100,000 
population  in  1916  by  the  United  States  Census  Bureau,  20, 
or  over  30  per  cent,  report  that  their  garbage  is  being  dis- 
posed of  by  feeding  to  hogs. 

Garbage^fed  Hogs  Not  Inferior  to  Grain-fed  Animals. — If 
garbage-fed  pork  is  inferior  to  grain-fed,  the  price  paid  by 
the  packers,  who  are  naturally  adverse  to  paying  full  price 
for  an  inferior  article,  should  indicate  the  fact.  We  have 
not  been  able  to  find  any  market  where  garbage-fed  hogs  are 
being  generally  sold  at  a  lower  price  than  grain-fed  animals. 
When  cases  of  "softer"  pork  have  been  noted  it  has  gen- 
erally been  found  that  the  animals  were  improperly  raised, 
kept  In  small  pens  and  not  allowed  to  exercise.  There  is  no 
theoretical  reason  why  garbage  should  be  bad  for  hogs.  Even 
putrefying  materials  may  be  transformed  into  delicious  hu- 
man food;  for  example,  lobsters,  crabs,  shrimp,  etc.,  feed 
almost  exclusively  on  decaying  fish;  and  the  common  barn- 
yard chicken  will  eat  and  thrive  on  almost  all  kinds  of  so- 
called  filth. 

The  chief  objection  to  garbage-fed  hogs  is  that  such  hogs 
are  alleged  to  be  infected  with  trichinosis.  There  are  no 
data  available  to  support  such  claims;  isolated  cases  have 
been  found,  as  with  grain-fed  stock,  but  we  do  not  believe 
that  there  is  any  evidence  today  that  shows  garbage-fed 
hogs,  as  a  class,  to  be  more  susceptible  to  either  trichinosis 
or  tuberculosis  than  grain-fed. 

Recently,  at  a  meeting  in  Chicago,  the  statement  was  made 
that  garbage-fed  hogs  were  particularly  likely  to  be  infected 
with  tuberculosis.  This  statement  was  promptly  challenged 
by  an  official  of  the  Massachusetts  Bureau  of  Animal  Indus- 
try, a  specialist  in  the  diseases  of  garbage-fed  hogs.  He  said 
that  such  a  statement  was  no  more  justified,  from  available 
data,  than  a  statement  that  because  90  per  cent  of  the  hogs 
from  a  certain  county  of  a  W^estern  state  showed  lesions  of 
tuberculosis  on  autopsy,  it  followed  that  the  feeding  of  grain 
caused  tuberculosis.  There  is  a  well  known  reason  for  the 
large  percentage  of  corn-fed  hogs  found  infected,  and  there 
is  likewise  a  well  defined  reason  for  the  few  cases  where 
garbage-fed  hogs  have  been  found  with  a  large  percentage 
of  tuberculosis. 

Management  Secret  of  Success  with  Garbage-fed  Hogs. — 
The  secret  of  success  with  garbage-fed  hogs  is,  as  with 
grain-fed  hogs,  largely  one  of  management.  The  man  behind 
the  hogs  is  the  prime  consideration.  It  requires  hard  work, 
no  little  knowledge  of  hogs,  and  a  large  amount  of  common 
sense  to  raise  garbage-fed  hogs.  Cities  undertaking  mu- 
nicipal hog-raising  must  remember  that  the  pigs  are  to  be 
fed  on  garbage;  not  on  politics.  The  men  who  are  making 
a  success  in  this  work  are  up  early  and  late,  are  progressive, 
know  their  hogs,  and  have  a  distinct  knowledge  of  what  they 
are  doing  and  how  they  are  doing  it. 

A  number  of  tests  have  been  made  which  establish  that  a 
gain  of  about  a  pound  per  day  can  be  expected  with  growing 
hogs.  This  means  roughly  that  a  ton  of  garbage  is  equal  to 
100  lb.  of  live  weight  gained.  It  do«s  not  mean,  however, 
that  tons  of  garbage  as  produced  multiplied  by  100  equals 
the  live  weight  to  be  put  on  the  market.  A  certain  per- 
centage of  loss  in  stock  is  always  to  be  expected,  and  even 
with  the  fullest  co-operation  with  householders,  city  officials, 
etc.,  a  certain  amount  of  inedible  material,  and  even  inedible 
garbage,  will  always  be  present. 

Some  feeders  are  stating  that  the  quality  of  the  garbage 
now  produced  is  not  as  good  as  that  of  a  year  ago — that 
more  garbage  must  be  eaten  to  produce  a  pound  gain  This 
is  not  definitely  established,  but  it  is  reasonable  to  suppose 
that  with  high  prices,  etc.,  the  quality  is  not  as  good.  We 
recommend  that  to  cover  losses  and  a  possible  decrease  in 


the  quality  of  the'  garbage  fed.  the  amount  of  marketable 
live  weight  be  assumed  at  1  lb.  to  50  lb,  of  garbage.  With 
careful  management  the  ratio  could  be  lowered  considerably. 

Municipal  Collection  of  the  Garbage  Favored. — Special  ef- 
forts should  be  made  on  the  part  of  the  city  to  collect  by 
municipal  forces  even  though  disposal  by  contract  is  deemed 
advisable.  The  municipality  can  generally  overcome  collec- 
tion difficulties  better  than  a  contractor.  With  contract  col- 
lections, details  must  be  definitely  stipulated  and  cannot 
readily  be  changed  as  conditions  alter.  With  municipal  col- 
lections changed  conditions  can  be  readily  met. 

It  is  also  believed  that  more  competition  can  be  obtained 
on  a  contract  for  disposal  only  than  on  a  contract  for  both 
collection  and  disposal.  The  difficulties  experienced  with 
disposal  are  not  so  detailed  as  with  collection.  Collection 
of  garbage  is  a  public  utility,  whereas  disposal  is  a  private 
affair  in  which  the  public  is  not  interested,  and,  up  to  the 
present,  has  had  no  wish  to  be  interested. 

The  ratio  of  1  lb.  of  marketable  pork  to  .50  lb.  of  garbage 
has  already  been  established.  With  pork  on  the  hoof  at 
15%  ct.  this  would  give  gross  feed  value  of  $6.20  to  a  ton  of 
garbage.  From  this  amount  must  be  deducted  the  cost  of 
labor  and  materials  at  the  farm,  any  haul  involved,  interest 
on  investment,  depreciation  on  buildings,  and  profit. 

T.he  Hog  Farm. — The  distance  of  the  farm  from  the  mu- 
nicipality naturally  depends  on  local  conditions.  With  wagon 
or  truck  haulage,  distance  is  an  important  factor,  but  with 
carload  lots  an  additional  10-mile  haul  adds  very  little  to 
the  freight  rate  and  a  more  ideal  location  may  be  selected. 

The  pig  farm  should  be  located  on  soil  that  drains  readily, 
preferably  sand  or  gravel.  For  the  same  reason  it  is  advisa- 
ble that  the  land  be  rolling;  the  houses  should  then  be  lo- 
cated for  warmth  in  winter  and  coolness  in  summer.  Good 
drainage  is  essential  at  all  seasons. 

Garbage-fed  hogs  require  abundant  drinking  water.  If  any 
streams  or  brooks  are  included  in  the  property  they  should 
be  carefully  traced  and  their  purity  established  or  else 
fenced  off  so  that  the  animals  will  drink  pure  water  other- 
wise supplied. 

The  size  of  the  farm  necessary  varies  with  the  system  of 
handling.  With  feeding  out  of  doors  in  all  but  extreme 
weather,  assume  50  pigs  per  acre.  Under  cover  the  number 
can  be  increased  to  from  400  to  600  an  acre. 

Most  garbage  is  more  or  less  a  balanced  ration  and  no 
supplementary  feeds  are  required.  We  find,  however,  in  a 
number  of  places  that  animals  are  finished  off  with  corn;  in 
others  wheat,  middlings,  or  similar  feeds  is  given  to  brood 
sows,  or  corn  silage  is  fed  on  Sundays.  As  a  rule,  however, 
no  feed  other  than  garbage  is  provided. 

Selection  of  Hogs. — There  is  much  controversy  between 
garbage  feeders  as  to  the  relative  merits  of  hogs  raised  on 
garbage  from  birth  and  those  purchased  on  the  market 
when  at  around  100  lb.  in  weight.  Some  claim  that  the  gar- 
bage-fed hog  has  not  the  strength  of  the  other  hog;  others 
will  only  handle  feeders  when  their  regular  stock  proves 
inadequate  to  consume  the  amount  of  garbage  being  pro- 
duced. 

Unquestionably  a  hog  raised  from  'infancy  on  garbage 
should  be  the  more  successful.  The  feed  is  much  more 
bulky  than  with  grain  and  requires  a  greater  stomach  ca- 
pacity if  the  same  amoimt  of  nourishment  is  to  be  assim- 
ilated. The  hog  raised  on  garbage  is  started  as  a  garbage- 
fed  pi.g,  his  stomach  is  capable  of  being  distended  far  beyond 
that  of  a  grain-fed  hog  of  equal  age. 

Practically  every  garbage  feeder  believes  that  the  material 
he  is  feeding  contains  considerable  hog-cholera  virus,  and 
that  instead  of  being  exposed  to  the  disease  once  or  twice 
during  their  lifetime  his  animals  are  exposed  daily.  Im- 
munization is  accordingly  of  far  greater  importance  than 
with  grain-fed  stock. 

Constant  exposure  to  cholera  virus  will  undoubtedly  build 
up  a  considerable  resistance  to  the  disease.  Where  garbage 
with  its  virus  content  has  been  fed  for  a  number  of  genera- 
tions a  higher  resistance  is  to  be  expected  than  with  grain- 
fed  herds.  This  higher  resistance  causes  the  disease  to  be 
less  acute,  but  the  garbage  feeder  must  recognize  that  his 
hogs  are  exposed  to  considerable  hog  cholera  and  that  im- 
munization is  absolutely  required. 
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Method  of  Thawing  Frozen  Water 
Mains  and  Sewers 

An  Inv.-siiKiitlon  iif  roiuliliiiiis  in  waliT  dlslriliulliiK  w)  s- 
teins  arlsinK  from  tlie  st'ViTc  I'old  of  the  winlt-r  t)f  1917-1  s 
has  lienn  niudi"  by  a  coinnilllfc  cif  the  Nt-w  Knglaiid  Water 
Works  Aiisociatlon.  The  report  of  the  lomniittee,  sub- 
iiiltted  Sept.  11.  is  printed  in  the  Joiirnai  of  the  Associa- 
tion, from   which  the  following   notes  are  abstracted: 

Very  few  of  the  acMve  siiperinlendents  and  iiiananers  of 
today  have  ever  experienced  such  a  condition  as  prevailed 
from  about  the  middle  of  November,  IflT.  iinlll  the  middle 
of  March.  191S.  Unusually  lonn  stretches  of  extremely  cold 
weather  and  an  absence  of  snow  made  ideal  conditions  for 
the    penetration    of    frost. 

The  following  data,  coniplleil  from  the  records  of  the 
I'nited  States  Weather  Bureau  in  Boston.  Mass..  clearly 
show  the  unusual  character  of  the  weather  the  past  winter. 

The  average  m.>an  temperature  for  last  l>eeeml>er.  jHiiuary 
»nd   February   w.-is    24. 

TIf     average   normal    temiierature    for   tlie   same    months    for 

tlie  past  'v  y.-ars  was -'^■'■' 

Depths  to  which  main  pipes  and  services  were  laid 
seemed  to  make  little  difference,  for  in  the  localities  where 
pipes  were  laid  according  to  the  average  frost  penetration 
of  previous  years,  the  frost  went  just  a  little  deeper  this 
year. 

.Xside  from  the  inconvenience  and  danger  of  sickness 
through  lack  of  sanitary  arrangements  caused  by  frozen 
services,  frozen  hydrants  were  the  cause  of  nnich  worry 
and  a  great  amount  of  labor  to  the  man  in  charge,  and  of 
danger  to  the  community.  .N"oi  only  did  they  freeze,  due  to 
-light  leaks  on  the  valves  and  ihe  entrance  of  ground  water 
ilirough  the  drips,  but  in  some  soils  they  were  raised  by 
ihe  action  of  the  frost  on  ihe  gi-ound  so  that  they  were 
severed  from  the  lateral.  .Many  more  cases  have  been 
reported  of  hydrants  broken  oft  above  Ihe  valve,  the  break 
nol  being  discovered  until  th.-  liydrant  was  used,  or  upon 
inspection  during  the  si)riiig  and  summer.  It  is  probable 
that  much  more  hydrant  trouble  has  occurred  than  has  been 
rei)orted.  owing  to  the  lack  of  regular  Inspection  of  hy- 
drants by  the  smaller  towns. 

It  would  seem  that  it  made  no  difference  whether  a  meter 
was  set  in  the  cellar  or  in  a  box  outside,  although,  if  an 
explanation  from  plaees  showing  a  small  percentage  of 
outside  meters  frozen  could  be  had.  it  might  appear  that 
those  meters  which  were  set  at  the  depth  of  the  service 
in  a  well-constructed  vault  were  the  ones  to  escape  in- 
jury. 

Methods  of  Thawing  Mains  and  Services. — The  methods 
used  to  thaw  mains  and  services  were  many  and  varied, 
from  the  pick,  shovel,  and  teakettle  to  the  "natural." 

Hot  water  and  steam  were  used  in  many  cases,  but  they 
are  manifestly  not  best  suited  for  conditions  which  pie 
\  ailed  during  the  past  winter. 

The  calls  for  help  that  went  out  from  the  water  works 
iraternlty  to  their  brethren  of  the  electrical  fraternity  re- 
sulted in  the  development  of  many  types  of  electrical  thaw- 
ing apparatus. 

The  one  best  known  and  most  generally  used  was 
through  the  overhead  wires  of  the  lighting  companies.  In 
this  type  the  high-tension  primary  wires,  carrying  2.200  to 
2.400  volts,  were  tapped  and  the  current  carried  to  cut-out 
iioxes  with  suitable  fuse  wires.  I^om  the  fuse  boxes  the 
wire  ran  to  one  or  more  transformers  whose  capacities 
ranged  from  15  kw.  to  75  kw. 

In  the  large  majority  of  cases  the  voltage  was  reduced 
by  the  transformers  to  llu.  and  the  amount  of  current  de- 
livered upon  the  pipe  was  further  controlled  by  the  use  of 
a    water   rheostat. 

The  motor-generator  set  was  used  to  a  considerable  ex- 
lent. 

One  outfit  consisted  of  a  25-volt.  25o-ainpere.  direct-cur- 
rent generator,  equipped  with  a  volt-nieler.  an  ammeter 
and  an  automatic  circuit  breaker,  mounted  on  a  Ford  truck. 
On  the  truck  was  also  mounted  a  countershaft  carrying  a 
sprocket  wheel  at  each  end.  and  a  driving  pulley  which 
was  connected  to  the  generator  by  means  of  a, leather  belt. 


On  eaeh  side  of  the  Jackshaft  of  the  truck  was  attached 
a  new  sprocket  wheel  just  outside  of  the  existing  driving 
sprockets  I'pon  arrival  at  the  point  where  the  work  was 
lo  be  done,  the  chains  were  taken  off  the  driving  sprockets 
and  attached  to  the  new  sprockets  at  the  jackshaft  and  to 
those  on  the  countershaft  mounted  on  the  truck.  The 
Ford  engine  was  thus  utilized  to  generate  the  required  cur- 
rent. 

The  storage  battery'  was  used  to  a  limited  extent. 

One  outfit  consisted  of  three  trays,  each  containing  eight 
2-volt  cells,  so  connected  up  that  a  voltage  of  IG,  32.  or  -is 
could  he  obtained.  .Another  of  six  trays  of  four  2-volt  cells 
each  was  still  more  flexible,  as  voltages  of  8.  16.  24. 
"0.  :{i;.  and  42  were  possible. 

Another  of  six  trays  of  three  2-volt  cells  were  connected 
in  multiple  series,  giving  a  voltage  of  3,'..  This  outfit  proved 
unsatisfactory,  as  serious  damagi-  was  done  to  the  pipes 
in  a  number  of  cases. 

The  iiroperly  connected  storage  battery  has  proved  very 
eftirient.  Like  the  motor-generator  set,  it  is  flexible  and 
portable,  and,  when  operated  by  an  experienced  man.  it  is 
a  safe  method.  If  improperly  used,  damage  to  the  pipes 
and  to  the  battery  itsell  can  easily  result. 

The  batteries  must  be  recharged  after  a  continuous  day's 
use.  the  operation  taking  eight  hours'  time. 

The  storage  battery  is  delicately  constructed,  and  can 
be  easily  damaged,  both  in  discharging  and  in  recharging. 
It  deteriorates  when  not  in  use.  especially  during  the  long 
period  of  the  year  when  it   is  not  needed. 

To  reduce  the  probability  of  damage  to  a  minimum,  an 
experienced  man  should  be  in  charge  of  the  work,  instru- 
ments to  determine  both  voltage  and  amperage  should  be 
used,  reasonable  time  should  be  taken  for  the  actual  work 
of  thawing,  and  under  no  conditions  should  a  larger  cur- 
rent be  used  than  experience  has  shown  to  be  reasonable 
under  similar  conditions. 

While  available  data  are  to  some  extent  conflicting,  and 
more  exact  information  is  desirable,  yet  general  experience 
shows  that,  for  the  work  of  thawing  =^-in.  lead  or  ^^.-in. 
iron  service  pipes  of  average  length,  using  4  0  wire  for 
leads,  and  with  good  connections,  the  following  data  may 
be  considered  as  approximately  normal: 

Drop  in  pipe 14  to     18  volts 

Total  voltagre  required    L'O  to    .'iO  volts 

-Amperes    required     175  to  2-'5  volts 

Time  required  to  thaw 6  minutes,  plus  or  minus 

With  larger  pipes,  or  with  pipes  longer  than  the  average, 
of  course  more  electrical  energy  and  time  is  required. 

For  all-round,  efficient,  economical  work,  the  committee 
looks  most  favorably  upon  the  motor-generator  set.  It  is 
flexible,  can  go  where  the  work  is  to  be  done,  can  work 
continuously,  does  not  deteriorate  when  not  in  use.  can  be 
made  almost  fool-proof,  and.  if  properly  designed,  is  the 
safest  type  of  apparatus  from  the  point  of  view  of  danger 
lo   the   water  pipes. 


Cost  of  Laying  Water  Mains  at  hHartford.  Conn. — The  ac- 
lompanyin:;  tabulation  from  the  annual  report  of  the  Board 
(d'  Water  Commissioners  of  Hartford.  Conn.,  for  the  year 
ending  .March  :!1.  r.tl7.  gives  the  cost  of  laying  water  mains 
in   Iftlf.  in  that   city: 

HARTFORD. 

-Cost  per  linear  foot. 
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•Doe»  not  Include  4.400  ft.  of  fi-ln.  pipe  on  P.irk  St.  which  com 
Jl.Ol  for  lalmr,  Jl.30  for  muterlal  and  J0.05  for  transportation,  a 
total  of  J2.3«  i>er  linear  foot.  Conditions  vorv  unusual,  tlnrhid- 
liiK  12(1  fl.  of  20-ln. 

Notes  Ijilior.  $2.50  for  olcht  liours:  pipe.  |31  a  ton:  specials. 
Ifln  a  ton:  lead.  7V-  ct.  a  lb.     No  overhead  rtiarireii. 

The  costs  do  not  include  overhead  charges.  They  are  based 
on  labor  at  $2.5ii  per  S  hours:  pipe  at  $31  per  ton:  specials 
at  $t".0  per  ton,  and  lead  at  7'^  ct.  per  pound. 
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Regulating  and  Measuring  Cham- 
bers for  Intercepting  Sewers  of 
Essex  Border  Municipalities 

A  contract  was  let  last  August  for  the  construction  of 
the  first  section  of  the  intercepting  sewer  which  forms  a 
part  of  the  sewage  disposal  project  of  a  group  of  cities 
on  the  Canadian  side  of  the  Detroit  River  opposite  Detroit, 
Jlicli.  This  interceptor  will  serve  the  municipalities  of 
Ford  City,  Walkerville  and  Windsor  to  Parent  Ave.,  in  the 
latter  city.  The  sewage  will  flow,  by  gravity  through  Ford 
City  and  Walkerville  to  a  pumping  station  whence  it  will 


Ties  rather  than  to  attempt  to  measure  the  flow  from  each 
inlet  to  interceptor. 

A  reduced  number  of  meters  was  advantageous  because 
meters  would  require  constant  attention  to  keep  in  condi- 
tion and  give  reliable  data,  and  the  reduction  in  number 
would  allow  use  of  more  expensive  and  accurate  meas- 
uring apparatus.  From  the  standpoint  of  accuracy  and 
economical  consideration  Venturi  meters  were  considered 
as  giving  the  most  satisfactory  results.  Venturi  meters 
eliminate  most  of  the  objection  of  loss  of  head  which  in 
case  of  weirs  would  be  rather  serious,  as  each  drop  at  a 
weir  would  entail  deepening  the  entire  length  of  sewer 
below  the  weir. 
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Fig.   1. — Plan   and   Section   of   Ford   City   Measuring   Chamber,    East  Sewage    Interceptor. 


be  lifted  to  a  high  level  interceptor  through  which  it  will 
flow  by  gravity  to  Parent  Ave. 

Regulating  chambers  are  provided  at  points  where  the 
outlet  sewers  of  Walkerville  cross  the  interceptor.  These 
chambers  divert  the  dry  weather  flow,  plus  the  storm  water 
allowance,  into  the  interceptor.  Measuring  chambers,  to 
determine  the  actual  sewage  flow  from  the  several  mu- 
nicipalities are  provided  for  at  the  dividing  lines  between 
Ford  City  and  Walkerville  and  W^alkerville  and  Windsor. 

Measuring  Chambers. — A  system  by  which  sewage  flow 
could  be  measured  accurately  was  necessary,  not  only  to 
properly  apportion  annual  charges  to  the  several  munici- 
palities, but  also  to  fix  the  responsibility  in  case  of  future 
overcharging  of  sewers  and  consequent  need  of  further 
extensions. 

It  was  considered  more  satisfactory  to  measure  the  sew- 
age where  the  interceptor  crosses  the   municipal   bounda- 


Figure  1  shows  in  detail  the  arrangement  of  the  Ford 
City  sewage  measuring  chamber.  In  the  design  of  this 
chamber  provision  was  made  for  change  in  meter  from  a 
20-in.  X  6-in.  to  a  20-in.  x  10-in.  meter. 

The  Ford  City  measuring  chamber  is  located  at  a  point 
tween  Ford  City  and  Walkerville.  It  consists  of  a  clean- 
ing chamber  through  which  the  sewage  flows  before-  it  en- 
ters the  Venturi  tube  which  is  located  in  a  circular  brick 
chamber,  above  which  are  a  register  chamber  and  manhole. 
After  the  sewage  flows  through  the  meter  it  passes  through 
a  cleaning  chamber  and  manhole  to  the  other  end  of  the 
interceptor. 

A  by-pass  pipe  is  located  along  the  chamber  to  divert 
the  flow  directly  into  the  lower  cleaning  chamber.  Stop 
planks  are  provided  at  both  ends  to  operate  the  by-pass 
pipe. 

The    Walkerville    measuring    chamber    is    located    at    the 
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Fig.  2 — Plan   and   Sections   of   East   Main   Regulating   Chamber,   East   Eewage   Interceptor.   Escex   Border   Utilities  Commission. 


lower  end  of  the  West  Main  Pumping  Station  about  9U0  ft. 
where  the  interceptor  crosses  the  municipal  boundary  be- 
east  of  the  municipal  boundary  between  Walkerville  and 
Windsor.  It  consists  of  a  circular  brick  chamber  covered 
with  a  concrete  slab  and  manhole  above. 

Regulating  Chambers. — In  designing  the  work,  the  engi- 
neers. -Morris  Knowles,  Inc.,  Pittsburgh,  Pa.,  devoted  a  con- 
siderable amount   of  study   to  determine   the   best   suitable 


type  of  regulator  to  be  adopted.  Many  studies  were  pre- 
pared with  different  types  of  mechanical  apparatus,  and 
finally  the  choice  of  regulator  was  made  from  three  de- 
signs that  had  met  successfully  all  important  objections  to 
other  types.  Figs  2  and  3  show  in  detail  the  main  features 
of  the  type  of  regulator  adopted. 

The  regulator  consists  of  a   float   in  a   float   chamber  di- 
rectly connected   to  the  Intercepting  sewer.     Two  perpen- 


Fig.    3— Sections    of     East     Main     Regulating    Chd 
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dicular  and  one  horizontal  bars  form  the  connection  be- 
tween the  float  and  a  float  operated  gate  in  a  gate  chamber 
at  the  end  of  an  opening  designed  to  take  the  dry  weather 
flow   phis   the   storm   water   allowance. 

The  float  being  directl.v  connected  with  the  Intercepted 
sewer,  as  shown  in  section  B-B,  Fig.  3,  is  actuated  by  the 
elevation  of  sewage  in  the  sewer  and  thus  opens  and 
closes  the  gate  to  discharge  the  desired  quantity  through 
the  gate  area.  The  ranges  in  the  rise  of  float  and  gate 
were  calculated  and  the  point  of  support,  which  is  adjusta- 
ble, for  the  horizontal  bar  was  determined  to  accommodate 
these  changes. 

A  screen  is  provided  between  the  float  chamber  and  the 
sewer  to  avoid  deposits  in  the  chamber.  A  3-in.  pipe  drain 
with  a  valve  at  the  lower  end  connects  the  float  chamber 
to  the  gate  chamber  to  permit  draiijage  of  the  float  cham- 
ber. 

The  sewage  flows  through  the  gate  and  before  it  goes 
to  the  interceptor  it  passes  through  a  removable  weir  at 
the  lower  end  of  the  gate  chamber  and  thence  through  an 
outlet  to  a  manhole  and  interceptor. 

A  stop  plank  at  the  gate  entrance  and  a  by-pass  outlet 
are  provided  in  case  the  apparatus  has  to  be  cleaned,  re- 
moved or  repaired. 

A  dam  of  sufficient  height  at  the  lower  end  of  the  inter- 
cepted sewer  in  the  chamber  diverts  the  dry  weather  flow 
into  the  regulating  chamber. 

Economy  of  construction,  simplicity  of  arrangement,  de-  . 
sirability  of  continuity  of  operation,  and  the  fact  that  this 
type  does  not  depend  on  an  orifice  for  its  successful  opera- 
tion, dictated  its  choice.  This  type  has  the  added  advan- 
tage that  the  gate  is  regulated  by  one  float  which  is  di- 
rectly connected  to  the  sewer  to  be  intercepted. 

The  information  given  above  is  abstracted  from  a  paper 
presented  at  the  last  annual  convention  of  the  American  So- 
city  for  Municipal  Improvements  by  Morris  Knowles  and 
John  M.  Rice. 


Supervisors  Aid  Garden  Work. — Two  cents  per  capita  was 
all  'it  cost  to  conduct  the  garden  work  last  season  in  seven 
Indiana  cities  in  which  assistant  county  agents  were  placed. 
This  amount  paid  for  the  supervision  and  office  work  con- 
nected with  the  gardening  campaign  and  for  the  plowing, 
etc.  In  the  seven  cities  there  were  129,000  gardens  that 
produced  products  valued  at  $1,550,000,  the  total  cost  be- 
ing $11,933.  Although  the  increase  in  total  number  of 
gardens  in  the  state  over  the  previous  year  amounted  to 
28  per  cent,  the  estimated  increase  in  the  seven  cities  was 
about  60  per  cent,  which,  it  is  believed,  demonstrates  the 
value  of  proper  supervision.  In  none  of  the  cities  in  Indi- 
ana were  the  gardens  kept  in  better  condition  and  the 
production  of  vegetables  per  garden  greater  than  in  the 
cities  in  which  the  assistant  county  agents  operated.  In 
several  other  cities  the  average  gardens  were  just  as  good, 
but  these  communities  also  employed  good  garden  super- 
visors. A  total  of  150  supervisors  were  employed  in  102 
cities  and  towns  in  the  state.  In  addition  to  this  number 
the  garden  work  in  65  cities  and  towns  was  supervised  by 
garden   committees. 


Cost  of  Garbage  Reduction. — In  a  paper  prepared  for  the 
21st  annual  convention  of  the  League  of  California  Mu- 
nicipalities, W.  T.  Knowlton,  Engineer  of  Sewers  of  Los 
Angeles,  states  that  it  is  estimated  that  the  cost  of  con- 
structing a  plant  for  the  disposal  of  garbage  by  reduction 
averages  $2S7  per  daily  ton  capacity.  The  cost  of  opera- 
tion varies  from  $1.50  to  $2.50  per  ton  of  garbage.  He 
states  that  the  revenue  obtained  in  three  reduction  plants 
in  Ohio  shows  an  average  of  $1.32  per  ton.  The  following 
figures  are  for  the  Columbus  plant:  This  plant  treats 
about  22,000  tons  per  year,  the  population  tributary  being 
215,000  and  the  garbage  per  capita,  per  year,  being  203.3 
lb.  In  1915  the  cost  of  operation  per  ton  of  garbage  was 
$1.94.  and  the  earnings  were  $2.42,  leaving  a  revenue  of 
48  ct.  per  ton.  In  1916  the  cost  of  operation  was  $2.22,  the 
earnings  $4.05,  and  the  revenue  was  $1.83.  The  Columbus 
garbage  yielded  3.08  per  cent  of  grease,  worth  5  ct.  per 
pound  or  $3.18  per  ton  of  garbage;  also  10.3  per  cent  of 
tanking  worth  $8  per  ton  of  tankage,  or  81  ct.  per  ton  of 
.garbage. 


Economic  Pressure  Pipe  on  Pen- 
stock Pipe  Design 

It  is  a  well  known  fact  that  the  most  economical  penstock 
for  a  given  plant  is  one  where  the  diameter  decreases  as 
I  he  thickness  of  plate  increases,  i.  e.,  as  the  head  increases. 
Prof.  Melvin  L.  Enger  (Engineering  Record,  Sept.,  1914)  and 
Prof.  E.  W.  Rettger  (Engineering  Record,  Oct.,  1914)  have 
given  formulas  connecting  the  diameter  and  thickness  of 
plate  with  the  profile  of  the  penstock.  In  the  November 
Journal  of  Electricity  Mr.  B.  F.  Jacobsen,  consulting  elec- 
trical engineer  of  Berkeley,  Cal.,  gives  a  method  of  design 
that  avoids  mathematical  complications.  The  article  is  re- 
printed below; 

Theoretical  Assumptions, — We  may  consider  the  head  and 
llie  amount  of  water  as  given.  It  the  penstock  is  very  small, 
the  annual  charge  for  the  penstock  will  also  be  very  small. 
but  practically  the  entire  available  power  will  be  absorbed 
as  friction  head.  If  the  penstock  is  enlarged  progressively, 
more  and  more  power  will  be  made  available  at  the  power 
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Fig.  1 — With  an  increased  size  for  the  penstock  more  power 
is  available  at  the  power  house,  but  the  annual  charge  per  hp. 
gained  also  increases  progressively  with  the  penstock,  thus  fixing 
a   limit  beyond  which   it  is  uneconomical   to   go. 

house  and  it  will  be  found  that  the  annual  charge  per  horse- 
power gained  in  this  manner  will  increase  pro.aressively  with 
!he  penstock  and  therefore  there  is  a  certain  limit  for  each 
part  of  the  penstock  beyond  which  it  is  uneconomical  to  go, 
since  further  enlargement  will  entail  a  larger  additional 
charge  than  the  power  gained  is  worth.     (See  Fig.  1.) 

When  considering  this  subject,  it  may  be  assumed  that  the 
amount  of  money  available  for  the  penstock  has  been  ap- 
proximately determined  from  the  friction  head  and  the  gen- 
eral conditions  of  the  entire  power  system,  and  it  is  required 
to  design  a  penstock  to  fit  the  given  profile,  and  such  that 
either; 

111  With  a  given  cost,  the  friction  head  is  to  be  a  mini- 
mum, or 

(2)  With  a  given  friction  head,  the  cost  is  to  be  a  mini- 
mum. 

.Assume  a  penstock  already  installed;  this  is  to  be  checked 
over  to  see  whether  or  not  the  design  is  economically  cor- 
rect. The  penstock  is  to  be  considered  by  itself  and  apart 
from  the  rest  of  the  plant;  we  merely  check  one  section  of 
the  penstock  against  another  section. 

Let  c  be  the  annual  cost  in  dollars  of  one  foot  of  the  pen- 
stock at  a  point  where  the  head  is  h  feet.  This  annual  charge 
would  be  found  from  the  cost  of  this  one  foot  of  penstock 
multiplied  by  a  percentage  figure  i  which  covers  interest, 
depreciation,  maintenance,  taxes,  insurance,  etc.  Let  ht  be 
the  friction  head  for  this  one  foot  of  penstock.  Also,  let  c' 
and  h'l  be  the  corresponding  values  for  a  penstock  slightly 
larger  in  diameter  and  correspondingly  thicker,  since  the 
stress  on  the  steel  is  to  be  the  same.       . 


(124) 


December  11,  1918. 


EXGIXEKKING     AND     CONTRACTING 


555 


if  this  larger  penstock  had  been  used,  there  would  have  li:=head  In  feet  acting  on  penstock; 

been  a  Kiiiii  in  power,  since  the  friction  head  would  be  less:  s^ allowable  stress  In  lbs.  per  sq.  tn.,  then 

but  the  larger  pipe  would  also  have  cost  more.  The  gain  in  I  =r5.2  h  R/s  inches (8) 

power  would  t>e  proportional  to  the  reduction  in  friction  head  From  t7)  and  (8)  follow: 

and  this  would  be  hr  —  h'e  while  the  additional  annual  charge  c  -=  1570  1  p  b  R'  s  dollars  (9) 

would  be  c  —  c.    The  annual  cost  of  this  gain  In  head  would  Let 

therefore  be:  hf=:frK'tlon  head  in  feet  per  foot  of  penstoi-k, 

c'  —  c            Ac  <1  =  (low  In  cubic  feet  per  second; 

k  ^ — (1)  V  =  velocity  of  flow  in  feet  per  second ; 

hr  —  h't          ,ihf  Let  the  friction  head  be  expressed  by' 

where  ihf  is  the  reduction  in  friction  head  and  -ic  the  annual  0.025-1  v"  " 

charge  which  this  would  entail.     The  power  lost   is  propor-  hr  = ft. 

tlonal  to  the  friction  head,  since  the  same  amount  of  water  (2R)'"'64.4 

Hows  through  each  section  of  penstock,  but  we  need  not  be  It  is: 

concerned  with  the  power  loss  when  comparing  one  section  q=:v  x  R'lr 

of  a  penstock  with  another  section  of  the  same  penstock.  Eliminating  v  from  above  expression  for  ht  we  get: 

Values  for  k  may  now  be  determined  for  the  various  sec-  q'  •» 

tions  of  the  penstock,  as  per  equation  (1).     Suppose  it  was  ht  =  0.0000217  ft  .  ..(10) 

found  that  tlve  values  k,  and  k-  for  two  different  points  along  R'"" 

the  penstock  were  such,  that  k,  was  larger  than  kr.  then  it  The  values  for  Ac  and  Ahr  may  be  found  from  equations 

would  evidently  pay  to  decrease  the  diameter  at  point  1  and  (t,,  and  (10)  by  substituting  a  slightly  larger  value  than  R. 

Increase  it  at  point  2  and  it  would  pay  to  continue  this  until  s^j.    i.OoR    and    subtracting,    exactly    as    equation    (1)    was 

k,=:k,.     The  criterion  for  maximum  economy  in  design   is  formed,   but   in  this  case,  they   may   be   more  conveniently 

therefore,  for  all  sections  of  the  penstock:  found  by  differentiating  (9)  and  (Id)  with  respect  to  R  since 

•ic  h  may  be  considered  as  a  constant;  that  gives: 

=  k     3  constant (2)  ^^  =dc  =  3140  1  ph  R  dR/s. 

^'  ,  ,  ,.     .     .K        1     ,  Ah,  =  dh,  — 0.000105  q '»dP/R '«■ (11) 

When  des.sning  a  new  penstock,  we  would  start  by  select-  ^^^  ^^  negative,  because  the  friction  head  increases  when 

ing  the  diameter  and  the  thickness  of  the  Penstock  at  one  ,^^  diameter  increases;  neglecting  the  minus  i=ign: 

point:    from   this   k   could  be   determined.     Then   with  this  ^^          3140  i  p  h  R"-^ 

value  for  k  the  other  sections  could  be  determined  and  by  . _  |..,  ^ 

adding  all  these  up,  the  total  annual  cost  and  the  total  fric-  ~  dh     ~  0  000105  s  q  ■•» 

tion  head  would  be  determined.    If  the  cost  was  found  to  be  K„-n,i„ating  h/sfrom  (12)  bv  equation  .M: 

too  hiali.  all  sections  would  have  to  be  proportionately  re-  1)04  intR"'" 

duced.  and   vice   versa.  j^     .  ,.,, 

The  annual  power  loss  due  to  the  friction  head  and  meas-  ^  000105  a  "' 

ured  at  the  substation  switchboard,  is:  ^^^  consequently: 

L  =  '..95  qehrhp.hr (3)  0.000105  k  q  ■  « 

when:  j^  ^j^^ 

q  =:  the  average  annual  flow  in  sec.  ft.  and  ».,  .     p  , „ 

e  ==-  the  average  annual  efficiency  from  end  of  penstock  to 

substation  switchboard.  Since  k  is  known  or  is  assumed.  (14)   gives  the  relation 

The  gain  of  power  resulting  from  a  reduction  of  friction  between  R  and  t  and  the  corresponding  head  may  be  found 

head  from  h,  to  h',  is  therefore:  f""""  equation  (8). 

.iL  —  995  q  e  (hr  —  h'r)  #Equations  (12),  (13)  and  (141  give  the  diameter  and  thick- 

=  995  q  e  Ahr  hp.  hr (4)  ness  only  for  that  portion  of  the  penstock  where  equations 

Since  q  and  e  are  constants:  !"'•  (8)  and  (10)  hold  good.    Near  the  top  of  the  penstocks 

_ic  equation    (8)    does   not    hold   good,   since   the   penstock   can- 

=  K  =  constant                                                          ..(5)  not  be  made  less  than  a  certain  thickness,  no  matter  how 

^L  small   the  head   may   be  at   that   jioint.     In   order  to   apply 

Where:                                                              .  equation    (1)    to  the  upper  section   the   law   expressing  the 

K  ^  k/99.">  q  e    (6)  relation  between  R  and  t  must   be  known  and  this  will  be 

K  In  equation  (5)  is  an  economic  index,  since  it    denotes  Independent  of  h  until  h  reaches  a  large  enough  value,  so 

what  the  cost  is  for  the  last  increment  of  power  obtained  that  equation  (S)  applies.     The  above  formulas  also  imply  a 

bv   making  the   penstock   the   «ize   it   is   instead   of  .slightly  constant  value  for  s,  but   it  will  not  pay  to  use  all  the  va- 

smaller.  It  follows  therefore  that  K  should  be  less  than  the  riou;;  thicknesses  of  plale  obtainable,  and  therefore  s  will 

price  of  power  at  the  substation  minus  the  cost  of  produc-  vary  somewhat. 

tion  from  the  end  of  the  penstock  to  the  substation  switch-  l!:quations  (7)  and  (9)  are  only  approximations,  since  the 

board.     If  K  Is  larger  than  this  value,  the  power  gained  by  weight  of  a  riveted  pipe  of  various  thicknesses  and  dlam- 

niakini.'  the  penstock  larger  than  its  economical  size  costs  pters  Is  not  directly  proportional  to  the  thickness  of  plate 

more  than  It  brings.     It  may  not  always  be  possible  to  keep  and  the  diameter,  nor  is  the  cost  likely  to  be  directly  pro- 

K  below  Its  economical  limiting  value  for  every  part  of  the  portional  to  the  weight.     .-Mso  equation  (S)  is  only  approxi- 

water  conduit  or  of  the  system,  since  operating  conditions  mately  correct,  since  it  Is  the  strength  of  the  joint  that  will 

may   imiiose  other  control  the  amount  of  head  that  may  be  safely  used.    There- 

A  Numerical  Illustration.— To  Illustrate  the  above,  let  the  fore,  when  applying  e(iuation   (1)   to  an  actual  penstock,  k 

cost  of  a  steel  penstock  be  assumed  proportional  /o  the  dl-  should  be  determined  from  the  estimates,  bids.  etc..  for  each 

ameter  and  the  thickness,  and  let:  size  in  question,  and  equations  such  as  those  from   (7)   to 

R  =:  radius  of  penstock  in  feet;  (14)    can    only    be   approximations. 

t        thickness  of  plate  In  inches;  jf  ^  varies  considerably  during  the  year,  as  for  instance 

w  =  weight  in  lbs.  per  foot  of  penstock.  between  q,  and  q;  where  q.  >  q,.  the  value  to  be  used  for  q 

Add  2n<:'r  for  riveted  joints,  then:  jg  „o,  05  ,^   ^  q.)  gypn  where  the  variation  between  q  and 

w  ^  1.2  X  40  X  t  X  2  X  R»-  —  302  R  t  lbs.  tlma  may  be  so  arranged  as  to  give  practically  a  straight 

Let  line  when  plotted,  but  the  value  for  q  must  be  found  from: 

p  =  price  In  dollars  per  lb.  of  penstock  Installed:  ^i.,_o,r,  (q,'--*  q  •  •) 

i       annual   percentage   charge   covering   Interest,   niainl'--  |,- ,|        2OU  anil  q.  =  400  this  would  give  q  =  315 

nance,  depredation,  (axes.  etc.  If  ^  straight  line  relation  does  not  exist  between  q  and  time. 

The  annual  charge  per  foot  of  penstock  Is  ihen:  ,|,p  general   formula: 

c  =  wpl       302  R  t  p  i  dollar".  .  (7) 

If  'fnwiii:     .\   Treatise  on   H.vdmullcs.   sec.   ed.    1912,   p.   217. 
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8760' 
must  be  used.  t„  t,,  t^,  etc.,  are  the  hours  per  year  during 
which  the  flow  is  q,,  q.,  q^,  etc." 

Example:  A  penstock  for  a  head  of  1,000  ft.  is  to  be  designed: 
let  it  be  assumed  oi'ovisionally  that  at  the  top.  where  h^O  the 
diameter  is  to  be  6  ft:  and  the  thickness  Vt  in.  and  let  p  =  $0.15, 
i  =  0.16,  q  =  300  and  as  stated  R  =  3'  and  t  =  0.25".  Substi- 
tuting these  values  in  (13)  gives  k  =  54S  and  then  from  (14)  is 
obtained: 

t  =  151/R"=" 
This  will  give  the  correct  value  of  R  for  any  value  of  t  and 
from   (S)   with  s  =  12,000  lb.   per  sq.  in.  the  corresponding 
value  of  h  may  be  found.     This  gives: 

Thickness.  Radius.  Head. 

0.25"  3.00"  192' 

0.5  "  2.6T'  449' 

0.75"  2.48'  698' 

1.00"  2.36'  978' 

The  variation  of  penstock  diameter  with  the  head  is  shown 
in  Fig.  2,  on  the  assumption  that  the  thickness  of  plate  va- 
ries continuously  as  the  head  and  the  diameter. 

In  this  manner  the  head  and  diameter  corresponding  to 
each  thickness  may  be  determined  and  the  most  economical 
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Fig.  2 — The  variation  of  penstoclt  diameter  with  the  head. 
This  is  based  on  the  assumption  that  the  thicl<ness  of  plate 
varies  continuously   as   the   head    and   diameter. 

penstock  proportions  for  that  particular  profile  may  be  de- 
termined. If  this  is  found  to  cost  too  much,  k  must  be  re- 
duced by  assuming  a  smaller  diameter  at  the  top  and  the 
proportions  and  total  cost  determined  again.  It  will  not 
generally  pay  to  use  many  different  thicknesses  of  plate 
or  too  many  different  diameters;  calculations  only  can 
show  how  far  it  will  pay  to  go  in  each  case. 


Rates  of  Use  of  Water  by  Plumbing  Fixtures. — The  fol- 
lowing table,  from  a  paper  presented  at  the  November 
meeting  of  the  New  England  Water  Works  Association  by 
Caleb  Mills  Saville,  Chief  Engineer  of  the  Water  Commis- 
sion of  Hartford,  Conn.,  shows  the  rates  of  use  of  water 
in  the  operation  of  various  fixtures  actually  observed  in  a 
recent    investigation    in    that    city: 

Rate  of  use 

cu.  ft. 
per  minute. 
Flushing  closets — 

Operating  singly  -15 

Three  operated  in  quick  succession  10.0 

Shower  baths— 

10  continuously     •'■•' 

5  continuously    4.0 

10  continuously  and  four  flushometer  closets  operated   in 

quick     succession     12.0 

T'rin.ils— 22  operated  in  quick  succession  by  two  persons :     5.0 

Hyd'-aulic  lift  at  Hartford-Aetna  National  Bank    18.0 

Hydraulic  lift  at  Pilcard  Market   20.0 

6-in.  plunger  hydraulic  elevator   30.0 

Washing  machine-s — 

Filling  2  150-shirt  machmes  30.0 

Filling  1  large  machine   17.0 

T  oomis  and  Manning  Hlter  at  Hartford- Aetna  National  Bank.  12.0 

Filters  at  Alfred  E.  Burr  S«hool.  limit  of  capacity 23.0 

Washing  filters   100 


Status  of  the  Hetch  Hetchy  Water 
Supply  Project  of  San  Francisco 

On  Jan.  4,  1910,  the  citizens  of  San  Francisco,  Cal.,  voted 
$45,000,000  for  obtaining  a  mountain  water  supply  from 
sources  including  Lake  Eleanor  and  waters  of  Tuolumne 
River  and  vicinity.  The  total  quantity  of  water  to  be  ulti- 
mately diverted  from  the  Tuolumne  River  for  the  supply 
of  the  San  Francisco  and  East  Bay  Metropolitan  District 
is  400,000,000  gal.  daily,  of  which  approximately  half  will 
go  to  San  Francisco  and  the  balance  to  East  Bay  cities, 
to  San  Jose,  and  the  small  communities  in  the  district.  It 
is  intended  that  one-third  of  this  total  shall  be  made  avail- 
able in  the  initial  development. 

The  works  necessary  to  provide  133,000,000  gal.  daily  de- 
livery to  the  Metropolitan  District  and  67,000,000  gal.  daily 
delivery  to  San  Francisco  are  as  follows: 

1.  Low  dam   at  Hetch  Hetchy. 

2.  Nineteen  miles  of  400,000,000-gal.  daily  capacity  pres- 
sure aqueduct,  10  ft.  3  in.  in  diameter,  with  8  ft.  fall  per 
mile,  from  a  point  at  Early  Intake,  12  miles  below  Hetch 
Hetchy.  to  Priest  reservoir,  where  a  power  drop  of  1,300 
ft.    would   create   66,000   mechanical   horsepower. 

3.  Power  drop  to  Moccasin  Creek. 

4.  Seventeen  and  one-half  miles  of  400,000,000  gal.  daily 
capacity  aqueduct  tunnel,  10  ft.  3  in.  diameter,  from  Mocca- 
sin Creek  to  east  side  San  Joaquin  Valley. 

5.  Forty-five  miles  of  6  ft.  10-in.  diameter  steel  pipe  across 
San  Joaquin  Valley,  133,000.000  gal.  daily  capacity. 

6.  Thirty-one  and  one-half  miles  of  10-ft.  tunnel  through 
Diablo  range  to  Irvington,  200,000,000  gal.  daily  capacity. 

7.  Thirty-one  and  one-half,  miles  of  pipe  6  ft.  4  in.  in  di- 
ameter, capacity  67,000,000  gal.  daily,  and  20^/^  miles  of 
tunnel,  200.000.000  gal.  daily  capacity,  to  San  Francisco, 
making  a  total  length  of  156   miles. 

The  status  of  the  project  is  outlined  as  follows  in  a  report 
issued  Aug.  31: 

A  railroad  68  miles  long  has  been  built  from  Hetch 
Hetchy  Junction,  on  the  Sierra  Railway,  26  miles  north- 
east of  Oakdale,  to  Hetch  Hetchy  Damsite.  at  a  cost  of  ap- 
proximately $2,000,000.  This  is  a  standard-gage  railway 
with  60-lb.  rails,  capable  of  handling  all  freight  on  the 
work  and  bringing  return  freight  of  very  nearly  2,000,000 
tons  of  lumber,  which  is  tributary  to  the  road. 

A  4.000-HP.  hydro-electric  power  plant  has  been  com- 
pleted at  Early  Intake,  12  miles  below  Hetch  Hetchy,  which 
provides  electricity  for  all  the  construction  operations  in 
the  mountains. 

A  buttressed  arch  dam  at  Lake  Eleanor.  64  ft.  high  and 
1,200  ft.  long  has  been  constructed  across  the  gorge  one 
mile  below  the  lake,  which  now  has  a  capacity  of  double 
the  size  of  Lake  Chabot. 

A  power  canal  in  tunnel  aqueduct  and  in  flume,  3  miles 
long,  has  been  built  from  Cherry  River  to  the  power  plant. 
This  canal  is  fed  in  low  periods  of  water  flow  by  the  re- 
leased water  from  Lake  Eleanor. 

A  power  line  has  been  built  from  Early  Intake  to  Priest, 
a  length  of  about  20  miles,  and  electricity  is  now  conducted 
into  all  of  the  larger  headings  of  the  tunnel  aqueduct,  for 
lighting  and  construction  use. 

The  main  tunnel  aqueduct  has  been  started  from  Early 
Intake  to  Priest.  Work  is  now  proceeding  (August)  in  three 
shifts  on  those  portions  of  the  work  which  will  take  the 
longest  time  to  complete.  This  tunnel  aqueduct  will  be 
10  ft.  3  in.  in  diameter,  lined  smoothly  with  concrete,  capa- 
ble of  carrying  400.000.000  gal.  of  water  per  day. 

Explorations  and  preparations  have  been  made  for  con- 
struction of  a  large  dam  at  Hetch  Hetchy,  and  a  low  fore- 
bay  dam  at  Priest,  which  will  carry  three  days'  flow  of  the 
aqueduct,  thereby  increasing  the  flexibility  of  the  power 
plant,  and  a  draft  as  high  as  100,000  HP.  can  be  drawn  at 
peak  periods  from  the  first  large  unit.  The  Hetch  Hetchy 
dam  will  be  320  ft.  above  the  water  surface  in  the  stream, 
and  an  average  of  65  ft.  below.  A  magnificent  grade  of 
granite  bedrock  exists  on  both  walls  of  the  canyon,  and 
also  in  the  underlying  formation,  which  has  been  tested  by 
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diamond  drill  borings.  The  Hctch  Hetcby  dam  will  ston' 
112.4'iO.OO0  gal.  of  water,  or  live  times  the  capacity  o(  Crys- 
tal Springs  Lake,  over  a  territory  covering  nearly  1,930 
acres.  A  fut&re  larger  dam  at  Lake  Eleanor  will  be  able  to 
store  9;!,000.000  gal.  of  water  In  a  reservoir  of  L'443  acres. 

The  entire  aqueduct  between  Priest  and  San  Francisco, 
passing  south  of  Nlles.  has  been  located  on  the  ground  with 
concrete  monuments,  and  maps  /or  procuring  right  of  way 
are  prepared.  A  connection  with  the  transbay  cities  can 
be  made  near  Nlles,  a  distance  of  27  miles  from  Oakland. 

Generally,  all  the  more  dlfllcult  portions  of  the  work  In 
the  inaccessible  mountains  have  been  well  started,  and 
money  may  be  spent  now  at  the  rate  of  JC.OOO.OOO  per  year 
to  complete  the  project.  If  this  Is  done,  water  could  be  de- 
livered to  San  Francisco  inside  of  six  years. 

At  the  present  time  (August.  191S),  due  to  war  and  labor 
conditions,  none  but  the  more  difficult  portions  of  the  work 
are  being  proceeded  with.  With  an  early  and  satisfactory 
determination  of  the  war.  operations  will  be  more  actively 
prosecuted.  The  work  is  being  carried  out  under  the  di- 
rection of  M.  M.  O'Shaughnessy.  City  Kngineer,  of  San 
F>ancisco. 


How  Uncompleted  War  Contracts  Are  to 
Be  Liquidated 

In  the  first  authoritative  announcement  of  the  process  o: 
liquidation  of  uncompleted  war  contracts  made  public  Dec.  1, 
Assistant  Secretary  of  War  Crowell,  director  of  muni- 
tions, explains  in  detail  the  adjustment  organization  and  the 
steps  each  contractor  must  take  to  reach  a  settlement  with 
the  government.  The  War  Department  has  first  to  deter- 
mine as  to  each  of  these  contracts  whether  it  is  to  be  car- 
ried through,  whether  the  rate  of  amount  of  production  is 
to  be  so  reduced  that  the  manufacturer  can  gradually  taper 
off  and  get  into  his  accustomed  civilian  work,  or  whether 
the  contract  is  to  be  terminated  at  once.  These  questions 
have  to  be  decided  with  due  regard  to  the  conditions  of  the 
particular  industry  and  the  importance  of  preserving  the 
continuous  employment  of  labor.  When  decided  there  re- 
mains a  serious  problem  of  how  to  arrive  at  a  just  and 
prompt  determination  of  what  is  due  the  contractor  as  a 
result  of  such  reduction  or  termination  of  the  contract. 

"The  contractor."  Mr.  Crowell  said,  "will  make  an  inven- 
tory of  the  raw  material  on  hand,  work  in  process,  and  fin- 
ished articles  ready  for  delivery,  and  any  other  items  of 
costs,  with  figures  on  the  various  elements  of  cost  which 
have  entered  into  the  getting  ready  for  production,  such 
as  new  buildings  and  machinery  not  otherwise  taken  care  of. 
This  will  be  checked  by  accountants  of  the  War  Depart- 
ment. These  statement."*,  in  the  majority  of  cases,  will 
then  be  presented  to  district  boards  organized  in  many  of 
the  larger  cities  which  are  the  centers  of  production,  such 
as  Boston.  Bridgeport,  New  York.  Rochester.  Philadelphia. 
Pittsburgh.  Cleveland,  Chicago,  Detroit,  St.  Louis,  etc. 

"A  board  to  deal  with  ordnance  contracts  at  each  of  these 
places  will  be  presided  over  by  the  district  ordnance  chief, 
who  In  every  case  is  a  civilian  and  a  prominent  business 
man  of  the  community,  frequently,  prior  to  the  war.  having 
been  connected  with  industries  along  similar  lines  to  those 
now  engaged  in  war  work. 

"Another  member  of  the  board  will  generally  be  the  re- 
gional adviser  of  the  War  Industries  Board.  Such  advisers 
are  prominent  business  men.  often  selected  for  the  position 
by  the  local  chamber  of  commerce  and  in  intimate  touch 
with  the  problem  of  adjustment  presented  by  reason  of  their 
experience  with  the  industries  In  their  localities  In  getting 
ready  for  war  production. 

".Another  member  wjll  be  of  legal  training,  another  a  cost 
accountant,  and  the  fifth  a  man  versed  In  technical  produc- 
tion. The  latter  three  members  are  generally  already  avail- 
able on  the  staff  of  the  ordnance  district  chief.  With  .i 
board  so  constituted  the  public,  the  government,  and  the 
industries  will  feel  assured  that  a  just  and  prompt  settle 
ment  may  be  arrived  at.  Boards  will  also  be  established  for 
the  "settlement  of  contracts  for  more  standard  articles  of 
merchandise,  such  as  clothing,  leather  goods,  etc." 


Shall  The  "Case  Method"  Be  Gen- 
erally Used  in  TeachinjJ 
Engineering  ? 

The  Carnegie  Foundation  for  the  Advancement  u(  Teach- 
ing has  Just  published  a  bulletin  of  140  pages  entitled,  "A 
Study  of  Kngineering  Ivducation."  by  Prof.  Charles  R. 
Mann.  The  preface,  by  Henry  S.  Pritchett.  President  of 
the  Carnegie  Foundation,  admirably  summarizes  the  most 
important  recommendation  made  by  Prof.  Mann,  namely, 
that  engineering  should  be  taught  by  Langdell's  "case 
method"  which  revolutionized  the  teaching  of  law.  The 
folluvving  is  taken  from  the  preface  of  the  bulletin: 

Professor  Charles  II.  Mann  argues  that  the  present  ar- 
rangement, under  which  the  fundamental  sciences  are 
taught  in  advance  of  their  ap])lications,  is  the  wrong  method 
of  teaching,  and  that  the  engineering  education  will  never 
be  satisfactory  until  theory  and  practice  are  taught  simul- 
taneously. 

For  example,  mathematics  is  the  most  important  tool  of 
tbe  engineer.  It  Is  taught  for  two  years  In  the  engineering 
school  in  separate  courses — higher  algebra,  co-ordinate 
geometry,  the  calculus,  and  mechanics.  The  splitting  up 
cf  mathematics  into  separate  courses  is  itself  a  .source  of 
weakness  from  the  standpoint  of  the  student's  needs.  He 
needs  not  studies  nor  recitations  in  these  artificial  divisions 
of  mathematics,  but  a  single  course  in  mathematics  illumi- 
nated and  made  alive  at  every  step  by  applications  in  the 
solutions  of  actual  problems.  Algebra,  coordinate  geom- 
erty,  and  the  calculus  are  not  separate  and  unrelated  stud- 
ies, but  merely  parts  of  the  one  subject  of  mathematics. 

As  a  consequence  of  this  method  of  teaching  Professor 
Mann  urges  that  the  engineering  courses,  as  taught  in  the 
preliminary  years,  do  not  form  sound  criteria  for  judging 
as  to  the  ability  of  the  student  to  do  successful  engineer- 
ing work,  and  that  many  students  are  sent  away  from  the 
technical  school  without  having  had  any  fair  test  as  to  their 
capacity  for  engineering  practice  or  study. 

In  the  third  place  he  gives  the  results  of  certain  objec- 
tive tests  designed  to  throw  light  upon  the  fitness  of  the 
applicant  to  undertake  engineering  studies  and  practice. 
It  is  quite  clear  that  the  trial  of  these  tests  made  hitherto 
is  not  sufficient  to  demonstrate  their  trustworthiness,  but 
the  question  raised  is  an  exceedingly  interesting  one. 
There  are  few  devices  connected  with  teachini:  more  un- 
satisfactory than  our  present  day  examinations,  whether 
used  as  tests  for  admission  or  as  criteria  of  performance 
on  the  part  of  the  student. 

In  general  these  suggestions  of  Professor  Mann,  if  car- 
ried out.  would  affect  present  day  teaching  of  engineering 
in  much  the  same  way  that  Ivangdell's  case  method  revolu- 
tionized the  teaching  of  law. 

Langdell  built  the  teaching  of  law  exclusively  and  di- 
rectly upon  the  study  of  cases.  His  notion  w'as  that  the 
principles  upon  which  the  law  rests  are  few  in  number,  and 
that  these  could  be  best  apprehended  and  mastered  by  the 
student  in  the  direct  examination  of  typical  cases.  The 
number  of  such  eases  necessary  to  illustrate  these  princi- 
ples he  held  to  be  very  small  in  comparison  with  the  over- 
whelming mass  of  law  reports  to  which  the  student  had 
lormerly  been  directed  as  the  basis  of  the  study  of  the 
law  in  conjunction  with  textbooks.  Langdell's  method  in- 
volved the  working  out  by  the. student  of  the  principles  of 
the  law  from  actual  cases  tried  and  decided  in  the  courts. 
Law  he  conceived  of  as  an  applied  science.     • 

I.dingdeirs  method  is  not  infretiuently  referred  to  as  the 
laboratory  method  of  teaching  law.  conveylriE  the  Impres- 
sion that  the  case  method  of  teachiii.  '  Nis  in  trans- 
lerring  to  the  teaching  of  law  the  n  ■  'ved  In  the 
teaching  of  applied  science.  This  ~:  ..s  been  the 
cause  of  no  little  confusion.  The  ti>;ii  luiu  ni  law  by  the 
case  method  presents  only  a  remote  analogy  with  the 
methods  hitherto  employed  In  teaching  iipplied  science. 
Applied  science  is  not  taught  ordinarily  in  the  engineering 
bctiool  by  the  case  method  On  the  contrary,  the  methods 
actually  employed  In  teaching  the  so-called  laboratory  sub- 
jects do  not  differ  appreciably  from  the  methods  of  teach- 
ing literature  or  Latin.  .\t  present  the  student  undertakes 
to  learn  a  vast  body  of  theory  under  the  name  of  physics, 
mechanics,  or  chemistry.  Illustrated  in  some  measure  in 
the  laboratory,  and  then  seeks  later  to  select  from  this  mass 
of  knowledge  the  principles  to  be  applied,  for  example,  in 
electrical  engineering.  The  case  method  would  proceed  In 
directly  the  opposite  manner.  Taking  up.  for  exami'le.  the 
dynamo  as  a  "case" — that  Is,  as  an  Illustration  of  physical 


(127) 


558 


ENGINEERING    AND     CONTRACTING 


Vol.  50,  No.  24. 


laws  in  their  actual  complete  working — it  would  proceed  to 
anal.vze  the  machine  for  the  purpose  of  discovering  the 
fundamental,  physical  or  mechanical  principles  involved  in 
its  operation.  It  would  lead  the  student  from  practical  ap- 
plications by  analysis  to  a  comprehension  of  theory,  instead 
of  from  theory  to  applications  is  under  present  methods  of 
teaching. 

It  is  an  interesting  fact  that  while  much  is  said  about 
the  teaching  of  science  in  the  modern  school,  the  methods 
of  teaching  science  are  actually  but  little  changed  from 
those  employed  in  teaching  the  subjects  that  filled  the  cur- 
riculum before  the  teaching  of  science  began  in  the  school. 
The  practical  suggestion  of  this  report  is  that  the  case 
method  of  teaching  is  truly  scientific  and  that  the  present 
methods  of  teaching  applied  science  are  unscientific.  Fur- 
thermore, as  an  essential  feature  of  the  new  method  of 
teaching  science.  Professor  Mann  would  combine  theory 
with  practice  much  more  intimately  than  occurs  in  the  law 
schools  of  the  present  day.  by  requiring  the  student  to  learn 
to  operate  the  "case"  under  study.  The  student  must  not 
merely  observe  and  analyze  the  operation  of  the  dynamo: 
he  must  also  actually  run  it  and  repair  it  when  out  of  order. 
The  method  of  teaching  he  advocates  for  engineering  stu- 
dents, while  based  on  the  same  conceptions  as  Langdell's 
pedagogic  innovation,  is  designed  to  meet  some  of  the  ob- 
.iections  commonly  raised  today  against  even  case  method 
law  schools. 

Whatever  may  be  thought  of  this  contention,  the  subject 
is  one  of  great  significance,  and  worthy  of  the  attention  of 
teachers  and  engineers.  Engineering  schools,  like  all  insti- 
tutions of  learning,  are  slow  to  undertake  educational  experi- 
ments. It  is  sometimes  easier  to  start  a  new  school  than 
to  try  an  educational  experiment  in  an  old  one.  But  ob- 
\  iously  an  actual  experiment  thoroughly  carried  out  would 
be  the  only  satisfactory  demonstration  of  the  soundness 
of  the  case  method  of  teaching  science. 

Prof.  Mann's  report  is  published  by  the  Carnegie  Foun- 
dation as  a  work  of  co-operation  with  the  great  engineering 
societies,  and  with  the  hope  that  the  formulation  of  these 
important  inquiries  and  their  discussion  may  lead  to  a 
serious  effort  on  the  part  of  those  having  to  do  with  engi- 
neering education  to  re-examine  the  curricula  of  the  schools, 
and  to  approach  the  problem  of  their  improvement  not  only 
from  the  standpoint  of  the  teacher,  but  also  from  that  of 
the  practicing  engineer  and  of  the  employer. 


Postal  Card  Water  Bill 

The  municipal  water  works  of  Waco,  Tex.,  sends  out  its 
monthly  bills  to  metered  consumers  on  postal  cards.  The 
form  used  is  shown  in  the  accompanying  cut.     The  card  is 
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returned  by  the  consumer  with  his  remittance.  It  is  then 
run  through  a  machine  which  cuts  off  the  part  showing 
the  date  of  payment  and  the  number  of  the  account.  This 
number  appears  on  the  body  of  the  card,  and  on  the  stub. 
The  body  of  the  card  is  stamped  paid  and  returned  to  the 
consumer  as  his  receipt.  The  stub  is  retained  by  the 
Water  Department. 


Control  of  Algae  in  Irrigation 
Canals  by  Copper  Sulphate 

Copper  sulphate,  reports  Project  Manager  R.  K.  Tiffany 
of  tlie  Yakima  Project,  in  the  November  Reclamation  Rec- 
ord, has  proved  on  the  Tleton  Main  Canal  an  effective  rem- 
edy for  the  algae  growth  which  for  the  past  several  seasons 
has  infested  the  open  concrete-lined  sections. 

The  Tieton  Canal  is  about  12  miles  long,  over  2  miles 
of  which  is  tunnel.  Most  of  the  remainder  is  lined  with 
precast  reinforced  concrete  segmental  shapes  having  an  in- 
side radius  of  4  ft.  1  13/16  in.  and  a  clear  depth  of  5  ft.  10 
in.  The  designed  capacity  when  clean  was  326  second- 
feet,  with  a  freeboard  of  7  in.,  based  on  a  value  of  Kutter's 
n  =  .012. 

It  was  found  after  putting  the  canal  into  service  that  an 
algae  growth  was  appearing  which  produced  an  obstructing 
effect  upon  the  flow  much  in  excess  of  the  actual  sectional 
area  occupied  by  the  growth.  These  algae  in  appearance 
were  fine,  pale  green,  hairlike  growths,  reaching  a  length 
of  almost  2  in.,  and  were  attached  to  the  sides  of  the  canal 
at  the  water  surface  in  a  strip  about  3  in.  wide.  Each  sea- 
son they  became  seeded  in  the  concrete  at  the  successive 
water  marks,  appearing  as  a  series  of  green  horizontal 
bands  when  the  water  was  turned  out  of  the  canal.  The 
growth  is  dependent  to  some  extent  upon  the  temperature 
of  the  water,  being  less  rank  in  years  when  the  season 
opens  late,  after  a  winter  of  exceptionally  heavy  snowfall, 
causing  the  water  to  be  colder  than  usual.  Light  is  neces- 
sary for  the  growth  of  the  species,  as  none  is  found  in  the 
tunnels. 

Turning  the  water  out  of  the  canal  for  a  few  days  proved 
a  palliative  measure,  the  growth  drying  up  and,  when  the 
water  was  turned  in  again,  scaling  off  and  improving  the 
flow  conditions  somewhat  for  a  time.  The  growth  soon 
started  again,  however,  and  the  general  effect  was  to  raise 
the  value  of  Kutter's  n  from  0.12  to  .014. 

About  July  1  of  the  present  year  the  growth  again  became 
sufficient  to  retard  the  flow  in  the  canal.  Copper  sulphate 
to  the  amount  of  200  lb.  was  suspended  in  burlap  sacks  in 
the  water  near  the  head  of  the  canal,  the  entire  quantity 
being  dissolved  in  three  or  four  hours.  A  week  later,  when 
the  canal  was  again  inspected,  the  growth  of  algae  had  en- 
tirely disappeared  along  the  water  line,  where  it  had  been 
most  abundant.  It  was  not  feasible  to  empty  the  canal,  but 
apparently    the   entire   growth   has    been   destroyed. 

The  canal  was  carrying  at  the  time  of  the  experiment 
about  305  second-feet.  The  velocity  in  the  open  channel 
where  the  copper  sulphate  was  suspended,  is  about  3% 
ft.  per  second,  and  in  the  concrete-lined  canal  about  10  ft. 
per  second. 

Copper  sulphate  has  previously  been  used  for  the  con- 
trol of  algae  growth  in  municipal  reservoirs  with  satisfac- 
tory results,  but  the  strength  of  solution  there  used  has 
been  about  what  would  have  been  attained  in  the  Tieton 
Canal  had  the  quantity  used  been  dissolved  in  24  hours. 
As  noted  above,  it  was  actually  all  dissolved  in  3  or  4 
hours,  so  that  the  strength  of  the  solution  used  was  6  to  8 
times  greater  than  the  practice  has  been  in  reservoirs 
used  for  city  water  supply. 

No  deleterious  effects  were  noted  upon  vegetation  sup- 
plied with  water  thus  treated  nor  has  any  other  difficulty 
developed  from  the  presence  of  the  copper  in  the  water. 
Experiments  were  recently  made  with  the  copper  sulphate 
in  earth  canals  on  the  Sunnyside  unit,  using  about  the  same 
concentration  as  that  used  on  the  Tieton,  but,  so  far,  with- 
out securing  the  desired  effect.  Experiments  will  be  con- 
tinued with  more  concentrated  solutions,  however. 


Utah  College  to  Have  Course  in  Irrigation  Management. — 
A  two  weeks'  intensive  course  in  irrigation  management  for 
v,'ater  masters  will  open  Feb.  10  at  the  Utah  Agricultural 
College,  Logan,  Utah. 


Increases  in  Water  Rates. — The  Public  Service  Commis- 
sion of  West  Virginia,  on  Nov.  21.  authorized  the  West  Vir- 
ginia Water  and  Electric  Co.  to  increase  its  water  rates  in 
the  city  of  Charleston  20  per  cent  to  domestic  consumers 
and  an  increase  on  city  hydrants  from  $30  annually  to  $50 
for  each  hydrant.  The  order  becomes  effective  Dec.  1  and 
will  extend  to  July  1,  1919.  The  City  Commission  of  Mid- 
dletown,  O..  on  Nov.  29.  voted  to  increase  water  rates  to 
$1.25  per  1.000  cu.  ft.  for  1,000  to  5,000  cu.  ft.  consumers. 
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Trenching    and    Backfillinji    with  Steam 
Shovel 

111  lonstnictiui;  ii  jyn.iMiil  imiiif  si-vver  In  lUver.sldo  Drive  in 
l.iikewood.  a  suburb  of  C'loveUnd,  O.,  a  steam  shovel  was 
t-niployed  for  the  trenching  and  liac-ktIlllnK.  The  sewer  is 
7.000  ft  lonjf  and  conMists  of  two  linen,  one  dlreetl.v  above 
the  other.  Ai  the  outlet,  the  lower  line  is  24  In.  vitrltled  clay 
pipe  and  the  upper  27  In.  Where  connection  Is  made  with 
the  exi.-iiinK  !.ewer  sy.Mteni.  ihls  lower  line  is  IS  in.  and  the 
upper  L'4   in. 

Tlie  trench  is  ;t  ft.  wide  by  1.'.  ft.  deep.  Starting  at  the 
outlet  the  top  IV5  ft.  Is  hard,  baked  clay,  and  the  underlyinj; 


Thew    Shovel    With    30-tt.    Dipper    Stick    on    Sewer    Construction 
'  at    Lakewood,   Ohio. 

131/4  ft.  solid  shale,  which  required  three  blasts  of  dynamite 
to  loosen  for  digging.  .\t  the  upper  end  there  was  9  ft.  of 
rlay  and  G  ft.  of  shale 

To  cut  this  trench,  the  contractors.  Randall  &  Cooper,  of 
Lorain,  O.,  used  a  Type  Al  thew  shovel  eciuipped  with  a  30-ft. 
dipper  stick.  Working  .5  hours  daily,  this  shovel  averaged  50 
lin.  ft.  of  trench,  or  S:!  cu.  yd.  The  length  of  the  dipper  stick 
liermitted  casting  the  surplus  excavation  over  the  river  bank. 

I'ipe  is  laid  by  sections.  The  shovel  digs  a  certain  amount 
of  trench,  then  the  layers  follow  with  the  pipe.  The  shovel 
backtills  the  trench  with  dirt  taken  from  the  front. 


Cost  of  Garbage  Collection  and  Reduction 
at  Cleveland,  O. 

The  cost  of  collecting  and  reducing  garbage  last  year  at 
Cleveland.  ()  .  increased  materially,  according  to  the  1917 
report  of  P.  1,.  Stockberger,  Engineer  of  Reduction. 

The  amount  of  garbage  collected  and  reduced  during 
l!il7  was  .">•!. 121  tons,  which  Is  a  decrease  of  4,596  tons  In 
comparison  with  the  year  191t>.  The  amount  of  llnlshed 
material  profluced  from  this  garbage  was  :!,O71.022  lb.  of 
grease  and  i;.241  tons  of  tankage.  This  is  a  decrease  of 
T9ti  tons  of  tankage  and  of  T4S.:i0:i  lb.  of  grease.  The  de- 
crease, states  the  report,  was  caused  by  the  decrease  in 
the  nuantity  of  green  garbage  collected,  the  high  price  of 
all  foodstuffs  and  by  the  conservation  movement  which  was 
In  vogue  during  the  greater  part  of  the  year. 

The  cost  of  collection  was  as  follows: 

(I 
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Knthe    rosl.    ineludln^'    depre.  iation $230,035       )4.205S 

The  cost  of  reduction  per  ton  of  green  garbage  handled 
was  as  follows: 
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12.274 
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Tolal  reduction  cost,  including'  depreciation.   $l;"1.001       $3,403.'! 

The  earnings  of  the  garbage  reduction  plant  amounted 
to  $292.74,'>,  of  which  $232,656  was  from  the  sale  of  ga:rbage 
grease  and  $59,074  was  from  the  sales  of  tankage. 

The  following  is  a  comparative  statement  of  the  cost  of 
(oUection   and   reduction   for   the   years    1913-1917: 

I9i:l.  I9H.  L<15.  VnC  1917. 

ilarliaKe  collected,  tons.      .".2.:!8I        5."i.730       62.357       60.717       56.1'- 
TankaKe    recovered,    ton 
<:rea.se8  extracted.  Ib.i 


lOarnlngs.     reduction 
i:xi>en«e.    reduction    2.1 


0SI9         5.ST8         6.879          :.«">'         6.2!1 
:i.2S3.116  3.290.105  3.731.770  3.S19.325  3.071.092 
1913.          1914.  1918.  1916  1817. 
Per  ton.  Per  ton.Per  ton.  Per  ton.Per  ton. 
..$3,013     $4.4916     $3.5785     $4.9809     $5.2033 
■ 2.4296          ' 


2.5373 


2.5624        3.403^ 


Net  earninKS. 
Ixpense.  collect 
■osl    of    collectlu 


redact  ion. $0.S.".3 


1.S91       2.0105     '1.7377       0  7704       2.392^ 


Oklahoma  Flegulates  Water  Supply  and  Sewage  Plans.— 
i'nder  provisions  of  the  law  passed  I'.'K  by  the  Oklahoma 
State  Legislature,  all  const  nut  i<ui  of  public  water  supply  sys- 
tems and  sewage  disposal  is  now  under  the  supervision  of 
the  State  Board  of  Health.  Plans'  for  such  construction  must 
be  approved  by  the  Board  before  the  contracts  are  let. 
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Wm.  M.  Kinney  Appointed  General  Man- 
ager of  the  Portland  Cement 
Association 

Wm.  M.  Kinney  has  been  appointed  general  manager  of 
the  Portland  Cement  Association  to  succeed  H.  E.  Hilts, 
resigned. 

Mr.  Kinney  has  been  connected  with  the  cement  indus- 
try in  cement  and  concrete  promotion  work  for  over  11 
years,  having  occupied  for  the  past  four  years  the  positions 
of  Engineer,  Promotion  Bureau  and  Inspecting  Engineer 
of  the  Universal  Portland  Cement  Co. 

He  is  an  associate  member  of  the  American  Society  of 
Civil   Engineers   and   American   Railway   Engineering  Asso- 


Wm.    M.    Kinney. 

ciation,  a  member  of  the  American  Society  for  Testing 
Materials.  American  Concrete  Institute,  Western  Society 
of  Engineers,  Engineers'  Club  of  New  York,  Engineers' 
Club  of  Philadelphia,  and  Chicago  Engineers'  Club.  He 
has  been  particularly  active  In  the  work  of  the  American 
Society  tor  Testing  Materials,  being  vice-chairman  of  Com- 
mittee C-1  on  Cement  and  a  member  of  the  executive  com- 
mittee. He  is  a  member  of  the  executive  committee  and 
secretary  of  the  committee  on  concrete  roads  and  pave- 
ments of  the  American  concrete  institute. 

Mr.  Kinney  was  largely  instrumental  in  establishing  the 
Structural  Materials  Research  Laboratory,  at  Lewis  Insti- 
tute, Chicago,  under  the  direction  of  Professor  D.  A 
Abrams,  and  has  been  since  its  inception,  a  member  of  the 
advisory   committee. 


Philadelphia  Wastes  80,000,000  Gal.  of  Water  Daily.— At  a 
meeting  of  the  Joint  Special  Committee  of  Councils  of  Phila- 
delphia last  week  Carlton  E.  Davis,  chief  Bureau  of  Water, 
stated  that  "Of  the  300,000,000  gal.  of  water  pumped  every  24 
hours  at  the  different  pumping  stations  of  the  water  system 
at  least  80,000,000  gal.  are  wasted."    Three  ordinances  for  the 


meterization  of  all  dwellings  in  Philadelphia  are  now  under 
consideration.  The  first  measure  provides  that  the  city  pay 
the  cost  of  installing  meters,  which  is  estimated  at  $6,000,000, 
the  money  for  the  same  to  be  obtained  by  a  loan.  The  sec- 
ond authorizes  the  city  to  do  the  work  of  installation  by  con- 
tract and  collect  the  cost  from  property  owners.  The  third 
measure,  which  is  favored  by  the  committee,  directs  prop- 
erty owners  to  procure  meters  direct  from  manufacturers, 
payment  for  which  can  be  made  by  installment. 


Personals 

Tliomas  L.  Willis  has  been  appointed  citV  engineer  of  New 
Orleans,  La.,  to  succeed  the  late  W.  J.  Hardee.  Mr.  Willis  is  37 
years  old.  a  graduate  of  Tulane  University  and  from  1908  until 
U*14  he  was  first  assistant  engineer  to  Captain  Hardee.  In  1911 
he  became  superintendent  of  the  municipal  asphalt  plant,  which 
position  he  held  until  his  appointment  as  city  engineer. 

M.  William  Ehrlich,  after  a  completed  war  service  of  ten 
months  at  the  U.  S.  Government  Explosives  Plant,  Nitro.  W.  Va., 
as  engineer  on  progress  for  the  Thompson- Starrett  Co.,  has  re- 
turned to  New  York  City.  He  has  associated  with  the  George 
H.  Gibson  Co.,  Tribune  Bldg.,  New  York  City,  which  is  an  or- 
ganization of  engineering  and  editorial  specialists  engaged  in  the 
commercial  development  of  mechanical  business  and  their 
products. 

J.  H.  Libberton,  formerly  division  engineer.  Promotion  Bureau, 
t'niversal  Portland  Cement  Co.,  has  been  appointed  inspecting 
engineer  and  engineer.  Promotion  Bureau,  succeeding  Wm.  M. 
Kinney.  Mr.  Libberton  has  been  with  the  Universal  Portland 
Coment  Co.  since  August,  1908.  Since  February,  1917,  he  has 
been  secretary- treasurer  of  the  American  Concrete  Pipe  Associa- 
tion. He  is  also  a  member  of  the  American  Concrete  Institute, 
Western  Society  of  Engineers,  and  the  Chicago  Engineers'  Club. 

H.  R.  Abbott,  sanitary  engineer,  of  Chicago,  who  has  been 
stationed  at  Washington.  D.  C,  for  the  past  year  with  sanitation 
section  of  the  construction  division  of  the  army,  engaged  in  the 
design  of  sewer  systems  and  sewage  disposal  works  at  the 
various  army  camps,  has  been  assigned  to  Fort  Sheridan,  111., 
where  he  will  have  charge  of  the  construction  of  the  sewer  sys- 
tem and  disposal  plant  to  be  built  at  that  place.  Prior  to  his 
government  service  ilr.  Abbott  was  in  charge  of  intercepting 
sewer  work  for  the  Sanitary  District  of  Chicago,  on  the  Norih 
Shore  and  Evanston  systems. 

Dwight  P.  Robinson  &  Co.,  Inc.,  constructing  engineers,  has 
opened  offices  at  6th  and  Broadway,  New  York  City.  At  the 
head  of  this  new  organization  is  Dwight  P.  Robinson,  who  has, 
for  2u  years,  been  associated  with  Stone  &  Webster  in  the  man- 
agement of  their  electric  railway  and  lighting  properties,  as 
president  of  the  construction  and  engineering  branch  of  their 
organization,  and  since  1912  as  a  member  of  the  firm.  -Associated 
with  Mr.  Robinson  are  R.  M.  Henderson.  C.  W.  E.  Clark,  D.  L. 
Galusha,  M.  E.  Thomas  and  R.  A.  Phillips.  Mr.  Henderson,  who 
for  the  present  will  have  charge  of  construction,  was  with  the 
Stone  &  Webster  organization  for  12  years,  seven  of  which  were 
as  assistant  construction  manager  at  Boston,  and  three  as  district 
manager  at  Chicago.  Mr.  Clark  was  with  Stone  &  Webster  for 
7  years,  five  of  which  as  mechanical  engineer  and  head  of 
division.  Mr.  Galusha  has  been  working  under  Mr.  Robinson's 
direction  for  12  years — the  past  five  as  head  of  the  electrical 
division.  Mr.  Thomas,  who  will  have  charge  of  structural  de- 
signs in  the  new  firm,  has  been  in  a  similar  capacity  for  Stone 
&  Webster  for  9  years.  Mr.  Phillip  has  been  associated  with  Mr. 
Robinson  for  18  years. 


Obituaries 

Chistopher  Deible,  Sr.,  a  sewer  contractor  of  Youngstown,  O.. 
died  Dec.  3.  aged  87. 

Lieut.  Charles  H.  Lembke,  formerly  an  engineer  and  con- 
tractor of  Albuquerque,  N.  Mex.,  was  killed  in  action  in  No- 
vember. 

Frank  K.  Pingry,  for  17  years  assistant  engineer  of  the  Essex 
County  (N.  J.)  Park  Commission,  died  Dec.  1,  at  Newark.  N.  J., 
aged  70. 

Alonzo  C.  Bell,  for  4  years  city  engineer  of  New  Orleans,  La., 
and  later  assistant  engineer  of  New  Orleans  Dock  Board,  died 
Dec.  1.  aged  59. 


Industrial  Notes 


The  Electro  Bleaching  Gas  Co.,  of  New  York  City,  announces 
that  its  Chicago  office  which  has  been  temporarily  closed  on 
account  of  the  war  is  to  re-open  and  will  be  in  charge  of  ilr.  G. 
R.  Ellis  as  formerly.  It  will  be  located  at  11  La  Salle  St.  as 
heretofore. 

L.  E.  Schumacher,  who  for  the  past  S  years  has  been  chief 
inspector  of  the  Westinghouse  Electric  &  Manufacturing  Co.  at 
East  Pittsburgh,  Pa.,  has  been  promoted  to  works  manager  of 
the  Krantz  Manufacturing  Co.,  of  Brooklyn,  N.  Y'.,  the  latest 
subsidiary  of  the  former  company. 

The  H.  W.  Clark  Co.,  manufacturer  of  Clark  Meter  Box  and 
Waterworks  Appliances,  Mattoon,  111.,  has  moved  into  its  new 
factory,  which  was  built  to  replace  the  one  destroyed  in  1917  by 
a  tornado.  The  new  plant  is  substantially  coHstructed  of  brick, 
stone,  concrete  and  steel  with  steel  sash  daylight  construction 
throughout.  Great  care  and  attention  has  been  given  to  the 
most  convenient  layout  to  reduce  to  a  minimum  the  unproductive 
travel,  the  raw  material  coming  in  from  one  end  of  the  plant 
and  the  finished  product  going  out  the  other  end.  The  most 
modern  and  complete  equipment  has  been  placed  in  this  plant. 
The  entire  molding  floor  is  supplied  with  electrically  driven 
overhead  troUev  conveyors  for  handling  the  molten  metal  and 
the  rough  castings  from  the  sand.  The  yard  and  the  balance 
of  the  entire  plant  is  equipped  with  overhead  trolleys  and  with 
industrial  tracks.  The  charging  floor  of  the  cupola  is  made  up 
of  steel  and  reinforced  concrete,  the  fireproof  features  being 
carried  throughout.  In  equipment  there  has  been  provided  new 
patterns  and  flasks  of  the  most  modern  construction  and  specially 
constructed  moldinq;  machines  are  used  throughout.  In  addition 
to  foundry  equipment  there  has  been  purchased  a  lot  of  special 
machine  shop   equipment. 
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Roads  and  Streets — 1st  Wednesday 

la)    Roads  (c)    Street    Cleaning 

(b)   Strs«ta  (d)    Municipal    MIscellanlea 

Waterworks  and  Hydraalics — 2nd  Wednesday 

(a)  Waterworks  (c)   Irrigation    and    Drainage 

(b)  Sewers  and  SanI-  (d)   Power 


tatio 


Railways  and  Govt.  Works — 3rd  Wednesday 

(a)  Excavation     and         (c|   Harbors   and   Docks 

Dredging 

(b)  Rivers  and  Canals       (d)   Railway   Construction 

Buildings  and  Structures — 4tli  Wednesday 

(a)  Buildings  (c)   Ship   Construction 

(b)  Bridges  (d)    Miscellaneous    Structures 
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E.  &  C.  Index  Furnished  Only  on 
Request 

Hitherto  It  has  been  customary  to  send  the  index  of  our 
articles  to  every  subscriber.  In  order  to  toiiscrvc  paper 
the  index  for  the  six  months  ending  Dec.  31  will  be  sent 
only  to  subscribers  who  send  a  postal  card  or  letter  request- 
ing a  copy  of  the  index.  It  will  assist  us  If  those  desiring 
the  index  will  notify  us  at  once. 


Public   Works  on  a  Large   Scale 
Necessary  During  the  Read- 
justment Period 

In  a  recent  speech  t'harlo.s  Kvaiis  Hughes  said  that  with 
the  end  of  the  war' "serious  labor  conditions  are  looming 
on  the  horizon."  He  said  that  in  order  to  take  up  the  labor 
slack  an  effort  should  be  made  to  start  Immediatel.v  all  Im- 
portant public  work  throughout  the  country  which  has 
been  held  up  during  the  war.  That  is  all  well  enough  as 
far  as  It  goes,  but  the  amount  of  public  work  held  up  by 
the  war  totals  less  than  half  a  billion  dollars,  or  almost 
as  much  as  this  country  haapbeen  spending  every  ten  days 
for  war   purposes. 

Apparently  few  men  In  public  life  seem  to  have  an  ade- 
quate conception  of  the  vast  amount  of  public  work  that 
should  be  begun  next  spring  If  there  is  not  to  be  serious 
Industrial  tmuble.  It  will  not  sufllce  merely  to  talk  In 
vague   terms   about   the    necessity   of   starting   public   work 


on  a  large  scale.  Some  one  should  decide  what  Is  meant 
by  "a  large  scale."  A  billion  dollars  worth  of  public  works 
is  not  "a  large  scale"  even  in  normal  times.  In  these  ab- 
normal times  it  is.  in  fact,  a  small  scale  of  expenditure; 
for  a  billion  dollars  would  scarcely  pay  for  three  weeks' 
expenses  of  the  war. 

The  war  has  diverted  one-third  of  the  gross  annual  In- 
come of  all  the  individuals  and  companies  of  America  into 
unusual  channels.  Not  less  than  two  years  will  be  re- 
quired to  restore  business  to  normal  conditions,  and  dur- 
ing this  period  of  readjustment  there  will  be  a  great  deal 
of  distress  among  workers  unless  F^ederal,  state  and  city 
governments  undertake  a  very  great  amount  of  public 
work. 

In  deciding  what  will  constitute  public  work  on  a  large 
scale  It  will  be  necessary  to  cast  every  precedent  aside, 
even  as  It  was  cast  aside  In  deciding  what  constituted 
conducting  the  war  on  a  large  scale.  The  war  was  absorb- 
inc  one-third  of  the  gross  income  of  the  entire  nation,  or 
$1S,000,000,U00  a  year.  It  has  suddenly  ended,  and  men  are 
being  discharged  at  the  rate  of  more  than  50,000  a  day. 
To  expect,  as  President  Wilson  does,  that  most  of  these 
men  will  speedily  And  now  work  Is  to  expect  the  Impossi- 
ble. To  think,  as  Mr.  Hughes  apparently  does,  that  a  re- 
turn to  normal  expenditures  for  public  works  will  sufllce 
to  alleviate  labor  conditions  greatly.  Is  equally  erroneous. 
Nothing  short  of  Government  appropriations  of  billions  of 
dollars  for  land  reclamation,  highway  and  railway  con- 
struction, etc.,  aided  by  other  billions  from  cities  and 
states,  will  prevent  a  very  serious  general  slump  In  busi- 
ness. 

The    effect    of    discharging    several    millions    of    workers 


(109) 


562 


ENGINEERING   AND    CONTRACTING 


Vol.  50.  No.  25. 


and  soldiers  will  not  be  confined  to  those  men  and  their 
families.  It  will  spread.  Having  lost  their  incomes,  they 
will  not  be  able  to  continue  their  normal  expenditures, 
which  will  at  once  injure  the  merchants.  The  merchants 
will  consequently  curtail  orders  from  the  jobbers  ^d  fac- 
tories. In  steadily  widening  circles  the  progressive  cur- 
tailment will  proceed,  possibly  for  two  years  before  the 
reaction  begins,  unless  the  Government  comes  to  the  aid 
of  industry. 

It  is  true,  of  course,  that  America  has  more  wealth  than 
ever,  that  it  has  its  farms,  its  factories,  its  mines  and  all 
its  productive  plants,  even  more  efficiently  equipped  than 
before  the  war.  It  is  true  that  the  gold  per  capita  never 
was  so  great.  All  this  is  true  and  more.  Yet  these  very 
truths  existed  in  1873  and  in  1S92,  just  prior  to  the  two 
greatest  financial  panics  of  modern  times.  Men  repeatedly 
forget  the  part  that  psychology  plays  in  every  abnormal 
situation  such  as  we  now  face.  They  forget  that  the  confi- 
dence of  business  men  and  bankers  is  easily  shaken,  and 
that  when  they  see  an  increasing  slackening  of  business 
they  themselves  put  on  the  brakes  that  reduce  the  indus- 
trial momentum  still  more.  All  this  is  forgotten  by  those 
who  look  only  at  physical  conditions  and  forget  psychic 
phenomena. 

We  are  now  faced  by  the  greatest  and  most  sudden  in- 
dustrial change  that  has  ever  confronted  this  nation.  No 
panic  is  likely  to  seize  upon  us;  but,  on  the  other  hand, 
the  majority  of  business  men  are  so  uncertain  as  to  what 
will  be  involved  in  the  readjustment  that  relatively  few ' 
will  venture  to  do  more  than  drift  with  the  current.  Most 
of  them  look  for  some  decrease  in  wages  and  prices  of 
materials,  and  will  hesitate  to  order  stocks  of  goods  and 
supplies.  They  will  hesitate  still  more  about  buying  new 
machinery  and  equipment.  Everyone  will  be  inclined  to 
wait  for  lower  prices. 

It  has  been  argued  that  the  reconstruction  of  France 
and  Belgium  will  alone  stimulate  our  business  greatly. 
Those  who  argue  thus  lose  sight  of  the  relative  insignifi- 
cance of  all  the  reconstruction  there  compared  with  the 
vast  productive  power  of  the  nations  that  stand  ready  to 
assist  in  the  reconstruction. 

It  has  been  held  that  the  war  has  shown  to  all  the  na- 
tions of  the  world  what  American  machinery  and  methods 
can  accomplish,  and  that  we  may  look  for  unprecedented 
sales  of  our  machinery  in  Europe  and  Russia.  True,  but 
when  will  those  sales  materialize?  It  takes  months  and 
years  to  create  a  large  foreign  trade  even  among  pros- 
perous nations.  In  the  case  of  nations  loaded  with  war 
debts,  who  dares  prophesy  how  long  it  will  be  before  they 
feel  able  to  buy  on  a  large  scale  from  America? 

All  hopes  of  foreign  business  are  merely  hopes  at  pres- 
ent, but  we  face  one  fact  about  which  there  is  nothing 
problematical,  and  that  is  that  millions  of  men  are  about 
to   be   discharged. 

Our  readers  need  not  worry  over  this  outlook  in  so  far 
as  their  own  personal  welfare  is  concerned,  for  it  is  cer- 
tain that  public  works  construction  will  be  abnormally  ac- 
tive for  years  to  come;  but  it  is  the  public  duty  of  civil 
engineers  in  particular  to  aid  in  securing  as  large  appro- 
priations for  public  works  as  possible,  and  to  indicate  the 
wisest  ways  of  expending  such  moneys.  As  economists 
it  is  peculiarly  the  function  of  engineers  to  lead  the  pub- 
lic to  employ  the  men  who  will  soon  be  idle,  and  to  direct 
their  labor  in  a  manner  that  will  add  to  the  wealth  pro- 
ducing capacity  of  the  entire  nation. 

This  is  a  nation  of  mud  roads — 90  per  cent  mud.  More 
than  half  our  city  streets  are  unpaved.  Not  a  quarter  of 
our  urban  population  has  filtered  water.  Millions  of  acres 
of  reelaimable  land  are  too  dry,  other  millons  are  too  wet. 
Our  railway  system  is  outgrown,  and  should,  moreover,  be 
almost  entirely  electrified.  There  are,  in  fact,  countless 
places  where  millions  of  men  can  be  profitably  employed 
by  the  public  for  years  to  come.  Every  engineering  so- 
ciety in  America  should  throw  its  entire  weight  into  the 
campaign  for  the  continued  sale  of  Government  bonds  with 
which  to  build  greatly  needed  highways  and  other  public 
and  semi-public  works. 


President  Wilson  "Passes  the 

Buck"  as  to  Government 

Ownership 

In  another  column  we  have  quoted  part  of  President 
Wilson's  address  to  Congress,  the  part  relative  to  the  dis- 
position to  be  made  of  the  railways.  The  President  does 
not  suggest  any  solution  of  the  problem,  further  than  to 
say  that  new  laws  should  be  enacted  to  do  away  the  pre- 
war conditions  of  railway  "restraint  without  development." 
He  evidently  condemns  the  old  system  of  the  regulation  of 
railways  by  the  48  states  and  he  condemns  also  the  "waste- 
ful competition"  that  was  forced  upon  the  railways  by  the 
Sherman  act.  But  as  to  the  whole  problem  he  says  to 
Congress:  "I  frankly  turn  to  you  for  counsel  upon  it.  I 
have  no  confident  judgment  of  my  own." 

In  the  last  respect  he  differs  from  his  last  presidential 
adversary,  Charles  E.  Haghes,  who  recently  expressed 
himelf  as  opposed  to  Government  ownership  of  the  rail- 
ways.    In  that  connection  he  said: 

It  is  regrettable,  but  it  is  true,  that  governmental  enterprise 
tends   constantly   to   inefficiency.    • 

It  can  not  fail  to  be  observed  that  even  in  connection  with 
the  war.  despite  the  endeavor  and  patriotic  impulse  of  countless 
workers,  inefficiency  in  important  fields  of  activity  was  notorious. 

President  Wilson  is  quite  right  in  saying  that  the  rail- 
way problem  is  both  complex  and  of  great  moment.  Per- 
haps he  wisely  "passed  the  buck"  to  Congress.  Congress 
would  be  wise  to  "pass  the  buck"  to  a  committee  of  en- 
gineers of  broad   experience. 

Certainly  before  any  action  is  taken  looking  toward 
Government  ownership.  Congress  should  send  engineers  to 
Europe  to  report  upon  the  economics  of  Government  rail- 
ways in  France,  Germany  and  Italy.  It  was  the  sight  of 
those  railways  for  a  few  weeks  that  led  William  Jennings 
Bryan  to  return  to  America,  a  dozen  years  or  more  ago, 
with  a  life-long  conviction  that  Government  ownership  was 
far  preferable  to  private  ownership.  Snap-shot  decisions 
of  that  sort,  even  by  expert  engineers,  are  usually  untrust- 
worthy; and  when  made  by  men  wholly  without  training 
in  engineering  economics,  such  judgments  are  worth  no 
serious  consideration. 

It  may  be  that  the  Government-owned  railways  of  Europe 
are  more  economic  than  American  railways  private- 
ly owned.  Who  knows?  Never  has  any  skilled 
body  of  experts  investigated  the  matter.  The  unit 
costs  of  equivalent  railway  service  in  American  and 
Europe  have  never  been  analyzed  so  that  a  thorough  com- 
parison could  be  made.  Such  evidence  as  we  have  had  has 
been  fragmentary,  and,  for  the  most  part,  has  not  been 
unfavorable  to  American  railways.  What  is  needed  is  a 
non-partisan  report  by  engineers,  some  of  whom  are 
skilled  railway  engineers  and  some  experts  in  cost  an- 
alysis. 

A  thoroughly  unscientific  method  of  deciding  between 
private  and  public  ownership  of  railways  would  be  to  de- 
bate the  question  in  Congress  and  in  the  newspapers,  with- 
out any  comparable  costs  upon  which  to  base  the  argu- 
ments. Under  such  conditions  a  vast  economic  problem 
would  be  decided  without  any  cost  data,  The  reasoning 
would  then  all  be  of  the  purely  deduclive  type  in  which 
at  least  one  of  the  premises  of  every  syllogism  would  have 
to  be  assumed.  Thus  those  who  favored  Government 
ownership  would  say : 

"The  highways  of  a  country  should  never  be  exploited 
for  the  profit  of  individuals.  Railways  are  highways. 
Hence  railways  should  not  be  exploited  by  individuals." 
Grant  the  major  premise  and  ^he  conclusion  follows,  but 
the  opponents  of  Government  ownership  refuse  to  grant  it. 
They,  with  equal  futility,  argue  thus:  "Men  working  for 
a  government  are  not  as  efficient  as  when  working  for 
themselves  or  for  other  men  that  are  working  for  profit. 
Hence  after  a  few  years  of  Government  operation,  Amer- 
ican railways  will  become  uneconomic  and  as  unprogres- 
sive  as  the  Government-owned  railways  of  Europe  have 
been   for  generations." 

One  assertion  can  always  be  found  to  offset  another, 
as  readily  as  one  general  theory  can  be  framed  to  contra- 
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diet  another.  The  methods  of  science,  engineering  methods, 
always  Involve  proof  by  fans.  Is  this  method  more  eco- 
nomic than  that?  The  scientific  answer  does  not  consist 
in  mere  appeals  to  theories.  It  consists  in  securing  unit 
cost  data  that  can  be  compared.  Indeed,  no  economic 
problem  was  ever  correctly  solved  save  by  an  \Bppeal  to 
specific  costs  and  values  This  holds  not  only  of  all  eco- 
nomic problems  of  an  engineering  nature,  but  of  all  eco- 
nomic problems  of  a  social  or  political  nature.  The  fact 
that  in  solving  problems  in  political  economy  It  is  often 
difllcult  to  secure  the  data  of  cost  and  value,  usually 
serves  as  an  excuse  for  trying  to  solve  the  problem  with- 
out such  data,  severely  by  deductive  argument  and  an- 
alogical reasoning.  But  the  fact  remains  that  no  problem 
in  political  economy  ever  was  solved  or  ever  will  be  solved 
in  such  a  manner.  Solutions  may  be  guessed  at.  and  the 
guesses  may  be  right;  but  engineers,  at  any  rate,  have  no 
patience   with  guessing. 

The  problem  of  Government  ownership  of  railways  is  a 
clean  cut  problem  in  economics.  The  main  question  is: 
Which  plan,  in  the  long  run.  will  yield  adequate  rail  trans- 
portation at  the  lowest  cost  to  the  public.  Government  own- 
ership, or  private  ownership,  or  a  partnership  between 
the  Government  and  the  stockholders?  The  problem  is  sus- 
ceptible of  accurate  solution,  but  it  will  involve  the  em- 
ployment of  e.Npert  engineers  not  only  to  secure  the  neces- 
sary cost  data  in  Europe  and  America,  but  to  analyze  the 
data   and   reach   a   conclusion. 


training  of  engineers  peculiarly  fits  them  both  to  analyze 
and  Interpret  statistical  data.  For  this  reason,  among 
many,  we  have  long  urged  civil  engineers  to  study  political 
economics,  and  to  take  an  active  part  in  politics.  Engi- 
neering societies,  both  local  and  national,  should  appoint 
committees  to  investigate  and  repoi^  upon  specific  prob- 
lems in  political  economy,  such  as  metering  of  water  con- 
sumers, public  ownership,  methods  of  payment  for  pave- 
ments and  roads,  limitations  of  municipal  Indebtedness, 
and  a  hundred  and  one  other  economic  problems  of  local 
or   national    importance. 

It  takes  time  and  often  it  takes  money  to  gather  and 
analyze  statistics  for  such  reports,  out  we  doubt  not  that 
many  engineers  will  gladly  contribute  time  and  that  many 
wealthy  men  will  contribute  money  for  investigations  that 
will  lii-neflt  the  public. 


Individual  Initiative  as  a  Factor  in 
Industrial  Development 

Under  jirivate  owiier.^hip  a  single  able  man  or  a  small 
group  of  able  men  can  readily  secure  capital  for  any  en- 
terprise that  bids  fair  to  be  profitable.  Under  public  own- 
ership it  is  usually  difficult  to  secure  adequate  capital 
promptly  if  at  all.  Neither  the  voters  nor  their  repre- 
sentatives are  keenly  interested  in  public  works,  for  they 
derive  therefrom  no  personal  profit  that  is  easily  measured. 
This  is  very  well  illustrated  in  the  case  of  roads.  For 
more  than  25  years  there  has  been  an  increasingly  vig- 
orous campaign  of  publicity  in  America  for  better  roads. 
But  the  entire  efifect  of  all  this  publicity  has  thus  far  been 
almost  nil  when  contrasted  with  the  economic  need  of  a 
vast   system   of  good   highways. 

On  the  other  hand,  up  to  the  time  that  repressive  regu- 
lation of  railways  by  Federal  and  state  commissions  be- 
gan  to   have  effect.   American   railways   grew   rapidly. 

Speaking  recently  on  private  ownership  of  industries. 
Charles  M.  Schwab  said: 

The  real  development  of  any  great  enterprise  depends  on  the 
Individual  initiative  of  thft  American  business  man.  I  do  not 
believe  we  will  ever  get  the  full  economical  development  of  any 
trreat  branch  of  American  indu.stry  that  is  not  developed  under 
private   capital. 

He  unquestionably  voices  the  belief  of  the  great  major- 
ity of  successful  business  men;  but  men  who  have  had 
little  or  no  business  experience  are  prone  to  reject  such 
opinions  on  the  ground  that  business  men  are  biased. 
Without  doubt  some  bias  In  favor  of  private  ownership  of 
railways  and  other  industrial  plants  does  e.xist  among  men 
like  Schwab,  but  no  class  of  men  is  entirely  free  from  bias. 
The  first  question  that  the  public  Fhould  ask  is.  Who  is 
more  biased,  a  successful  business  man  like  Schwab  or  a 
politifian  like  Postmaster  General  Burleson?  The  next 
question  should  be.  What  have  been  the  economic  results 
under  public  ownership  as  contrasted  with  private  owner- 
ship? A  correct  answer  to  this  second  question  Is,  after 
all.  the  important  thing  to  seek;  for  actual  data  are  not 
biased,  and.  if  properly  analyzed  and  compared,  they  will 
tell   the  tale. 

As  pointed  out  in  another  editorial,  there  is  a  tendency 
to  try  to  solve  problems  In  political  econoi^y  merely  by 
deductive  reasoning  from  general  premises.  But  such  a 
method,  while  It  may  point  the  way  toward  a  solution  of 
an  economic  problem,  can  never  furnish  the  solution  It- 
self. Nothing  leas  than  an  appeal  to  actual  statistics  will 
lead  to  a  correct   solution  of  any  economic  problem.     The 
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How  Many  Engineers  Are  There 
in  America  ? 

In  Prof.  Charles  R.  Mann's  report  on  engineering  educa- 
tion it  is  stated  that  up  to  1870  the  total  number  of  grad- 
uates of  all  the  engineering  schools  in  America  was  866, 
and  that  there  were  only  7.374  practicing  engineers  in  1870. 
Up  to  1915  the  total  number  of  engineering  graduates  was 
55,000.  but  39,000  of  these  graduated  subsequent  to  1S80. 
Prof.  Mann  estimates  that  there  are  80.000  men  who  could 
qualify  for  membership  in  the  four  great  national  engi- 
neering societies,  and  that  about  40,000  are  graduates.  We 
regard  the  80.000  as  an  underestimate,  for  the  census  of 
1910  indicates  that  there  were  more  than  that  number  eight 
years  ago.     The  1910  census  shows: 

Mech.inical   engineers    14.51t 

Minintr  enirineers   6.930 

Civil  enijineers  and  suneyors  32.033 

Electricians  and   electrical  engineers    l.'!3,519 

Draftsmen    33.314 

Although  many  of  the  draftsmen  and  surveyors  could 
not  qualify  as  engineers,  and  although  almost  none  of  the 
"electricians"  could  so  qualify,  it  seems  evident  that  fully 
100.000  men  could   have  qualified   as  engineers   in   1910. 

The  total  number  of  engineers  recorded  in  the  census 
doubled  between  1890  and  1900.  and  it  more  than  doubled 
between  1900  and  1910.  There  is  reason  to  believe  that 
the  increase  during  the  past  eight  years  has  been  fully  50 
per  cent;  for  in  the  10  years  of  1901-1910  the  engineering 
graduates  numbered  21,000  as  compared  with  17,000  In  the 
six   years  of  1911-1915. 

It  is  our  belief  that  there  are  now  fully  150,000  Amer- 
icans who  can  qualify  as  engineers.  The  total  member- 
ship in  all  the  societies  having  headquarters  In  the  Engi- 
neering Societies  Bldg.  in  New  York  is  53.000,  of  whom 
about  30,000  are  members  of  the  four  great  national  engi- 
neering societies. 


Concrete  Roadbed   for  Railways 

To  the  Editor:  1  was  p^iriicularly  iniorcsied  in  reading 
the  article  In  your  July  17  issue  regarding  the  concrete 
roadbed  on  the  Northern  Pacific  Ry. 

My  personal  interest  in  concrete  roadbed  construction 
goes  back  to  the  early  part  of  the  year  1907.  You  prob- 
ably remember  that  at  that  time  there  was  quite  an  "epi- 
demic" of  railroad  accidents  due  to  spreading  rails,  which 
in  turn  is  traceable  to  the  effects  of  frost  upon  the  road- 
bed. 

With  the  object  of  explaining  the  cause  of  these  acci- 
dents and  suggesting  a  method  of  preventing  them  in 
the  future.  1  prepared  an  article  which  was  published  in 
the  Dexter.  Kansas.  Dispatch  on  Thur.sday,  July  llth.  1907, 
and  which  describes  in  considerable  detail  a  roadbed  con- 
struction of  concrete  which  embodies  many  of  the  features 
described  in  your  article  about  the  Northern  Pacific  con- 
struction. 

At  that  time  my  experience  in  reinforced  concrete  had 
not  been  anywhere  near  as  extensive  as  it  has  now,  so  I 
made  my  design  for  the  use  of  mass  concrete  rather  than 
for  the  more  modern  reinforced  type.  However,  my  de- 
sign had  one  feature  which  I  believe  could   with   profit  be 
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included  in  the  Northern  Pacific  design,  that  is  provi- 
sion for  readily  removing  and  replacing  the  wooden  spik- 
ing blocks  whenever  necessary. 

CHAS.    F.    DINGMAN. 
Palmer,  Mass. 


We'll  Suggest  It  to  President 
Wilson 

To  the  Editor:  After  reading  your  editorial  in  the  Nov. 
6th  issue  and  then  reading  the  accompanying  clipping  from 
the  Milwaukee  Sentinel  of  about  Nov.  1st,  one  is  inevitably 
led  to  the  conclusion  that  here  is  another  chance  to  criticize 


ESKIMOS    IN    ALASKA 

ARE    INFLUENZA    VICTIMS 

NOME,  Alaska.  —  Nome  has  been 
stricken  with  influenza.  About  300  white 
residents  on  Thursday  were  reported  suf- 
fering and  Eskimos  in  nearby  villages 
were  said  to  be  dying  by  scores.  The 
weather  has  been  below  zero  for  several 
days. 

the  government.  By  this  time  the  poor  old  Eskimos  should 
have  had  asphalt  streets,  washed  daily,  or  at  least  Tarvia 
on  top  of  the  snow  to  lay  that  influenza  dust. 

F.  A.  BOTTS. 
Central  Aguirre,  Porto  Rico. 


"Rail  Creep" 

To  the  Editor:  I  was  glad  to  note  in  your  Oct.  16  issue 
my  communication  on  "rail  creep."  I  hope  it  will  be  the 
starting  wedge  to  eliminate  a  mechanical  leak  in  railroad 
operation  that  has  coal  wastage  and  water  leakage  "backed 
off  the  boards."  One  of  the  most  prolific  causes  of  unfair  usage 
of  rails  is  the  method  of  mounting  the  motor  (electric)  on 
the  axle,  solid  without  cushion,  which  causes  the  wheels 
to  deliver  steam  hammer  blows  to  the  rail  joints,  setting  up 
what  is  known  as  corrugation  or  waves,  and  shortening  the 
life  of  rails,  frogs  and  crossings  50  per  cent.  Regarding 
this  you  will  find  an  article  in  the  Sept.  21st,  1917,  Railway 
Gazette  (London)  on  corrugation,  by  the  undersigned,  and 
an  editorial  on  same  in  the  Oct.  12th  issue.  One  defect 
with  steam  railway  operation  is  the  use  of  obsolete  running 
gear  under  freight  cars,  which  caused  two  wrecks  still  fresh 
in  our  memory — Amsterdam,  N.  Y.,  April  Sth,  1918,  in  which 
the  freight  cars  spilled  over  on  the  passenger  tracks  and 
wrecked  two  heavy  passenger  trains,  and  the  circus  train 
wreck  near  Chicago  June  22nd,  191S.  Another  defect  is  the 
use  of  weak  track  for  the  heavy  equipment,  which  is  putting 
a  10-ctory  house  on  a  5-story  foundation,  the  track  being  of 
an  obsolete  design,  on  a  par  with  the  mining  tracks,  and 
a  rehc  of  steam  tracks  30  years  ago.  In  this  respect,  in  the 
same  boat  with  the  freight  car.  The  standing  signal  makes 
it  is  difficult  for  the  engine-man  to  read  the  signals  in  clear 
weather,  even  if  his  vision  is  not  obstructed  by  the  large 
boiler,  augmented  by  smoke  and  cinders.  You  will  find  an 
article  by  the  writer  on  "Running  Down  Signals,"  in  En- 
gineering, London,  July  27th,  1917,  page  101. 

New  York,  N.  Y.  JOHN  FRANCIS. 


Removal  of  Debris  from  Drill  Holes. — The  following 
method  is  employed  at  an  Oklahoma  quarry  for  removing 
debris  from  drill  holes  before  loading:  A  gas  pipe  tripod 
is  placed  over  the  hole.  By  means  of  a  rope  and  pulley  a 
section  of  gas  pipe  is  then  lowered  into  the  hole.  By  re- 
peatedly raising  the  pipe  several  feet  and  allowing  it  to 
drop,  it  gradually  sinks  into  the  debris.  Compressed  air  is 
then  forced  through  the  pipe  and  blows  the  refuse  out.  If 
the  material  is  too  coarse  to  be  blown  out,  it  is  first  cut 
up  with  a  steel  bar.  As  the  cost  of  cleaning  some  drill 
holes  has  exceeded  the  original  cost  of  drilling,  all  holes 
recently  drilled  by  this  company  are  now  cased  at  the  top 
and  carefully  plugged. 


Hydraulic  Stripping  in  Quarrying 

Hydraulic  stripping  is  practicable  where  there  is  an 
abundant  water  supply  and  good  drainage.  If  the  condi- 
tions are  favorable  it  is  one  of  the  cheapest  methods  that 
can  be  used. 

The  usiial  method  of  hydraulic  stripping  is  to  pump  the 
water  through  pipes  and  force  it  at  high  pressure  through 
a  nozzle  directed  against  the  bank.  If  the  water  has  to 
be  pumped  some  distance,  it  has  been  found  advisable,  in 
order  to  reduce  the  loss  of  power  by  friction,  to  use  pipe  of 
4  or  5-in.  diameter,  close  to  the  pumping  station,  and  to 
reduce  the  size  at  successive  intervals.  The  jet  from 
the  nozzle  is  usually  so  directed  as  to  undermine  the  ma- 
terial and  let  it  fall  in  a  loose  mass.  It  is  then  easily  car- 
ried away  in  the  stream.  It  is  obvious  that  boulders  too 
large  to  be  washed  away  retard  the  process,  and  it  the 
material  contains  many  boulders  the  use  of  a  steam  shovel 
may  be  preferable 

In  a  quarry  in  northeastern  Missouri  where  this  method 
is    employed   a   ravine   affords    a   means   of   drainage   back 


Rough    Rock   Surface    Effectively    Stripped    by    Hydraulic   Method. 

from  the  quarry  face  As  the  material  is  rather  hard  holes 
8  to  10  ft.  deep  are  bored  with  a  soil  auger,  and  the  ground 
is  loosened  with  small  charges  of  explosive.  The  cost  of 
stripping  is  said  to  be  about  7  ct.  a  cubic  yard. 

In  an  Indiana  quarry  stripping  with  steam  shovels  is 
supplemented  with  hydraulic  stripping  during  seasons 
when  the  water  supply  is  adequate.  The  material  is 
washed  down  a  channel,  which  is  nearly  parallel  with  the 
quarry  face,  and  into  a  creek.  A  settling  basin  has  been 
provided,  but  complaints  are  sometimes  made  of  the  tur- 
bidity of  the  stream  below  the  basin.  The  effects  of  hy- 
draulic stripping  may  be  far  reaching,  and  the  operator 
must  carefully  consider  a  possible  conflict  with  other  in- 
terests. 

In  one  quarry  in  eastern  Missouri  the  conditions  are  un- 
usual. The  quarry  is  situated  on  a  bluff  facing  the  river. 
The  water  supply  is  therefore  abundant,  but  the  drainage 
is  toward  the  quarry  face,  whereas  in  most  localities 
where  hydraulic  stripping  is  practiced  the  water  may  be 
drained  away  from  the  quarry  pit.  Owing  to  this  condition 
the  soil-laden  water  must  be  conveyed  through  and  aque- 
duct from  the  quarry  face  to  the  river  bank.  However, 
the  operators  claim  that  the  cost  of  hydraulic  stripping, 
including  the  construction  and  maintenance  of  the  aque- 
duct,  is  considerably   lower  than   with  steam  shovels. 

At  one  Virginia  plant,  where  the  hydraulic  method  is 
employed  successfully,  the  quarry  faces  a  river.  The  over- 
burden consists  of  red  clay  and  sand,  varying  in  thickness 
from  2  to  15  ft.  Clay  seams  and  clay  pockets  are  abun- 
dant. Stripping  is  conducted  during  the  winter  months, 
when  the  resulting  turbidity  of  the  stream  causes  the  least 
inconvenience  to  other  industries.  Work  on  rock  quarry- 
ing is  suspended  during  the  stripping.  The  rock  surface 
dips  toward  the  river,  and  the  overlying  material  is  washed 
down  onto  the  quarry  floor.  A  row  of  barrels  filled  with 
earth  placed  near  the  river  bank  serves  as  a  dam  or  weir 
to  hold  backvthe  bulk  of  the  stripped  material,  which  would 
otherwise  obstruct  the  stream.  This  material,  after  it 
becomes  comparatively  dry,  is  loaded  into  cars  with  a 
steam  shovel  and  removed  to  a  dump.  To  those  unfa- 
miliar  with   the   conditions   in   this   quarry,   it  would   seem 
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more  reasonable  to  remove  the  overburden  with  a  steam 
shovel  In  the  llrst  place.  The  rock  surface  Is,  however, 
so  deeply  eroded  that  steam-shovel  work  would  be  impos- 
s'b  e  '1  h  •  illustration  shows  the  extreme  Irregularity  of 
the  stripped  surface.  This  view,  states  Mr.  Oliver  Bowles 
In  a  bulletin.  "Rock  Quarrying  for  Cement  Manufacture." 
Issued  recently  by  the  I'.  S.  Bureau  of  Mines.  Is  an  ex- 
cellent example  of  the  effectiveness  of  the  hydraulic  method 
In   removing  soil  from  erosion  cavities. 


Charcoal  Evidence  of  Corners  as 
Set  by  U.  S.  Surveyors 

Interesting  Information  on  the  use  of  charcoal  for  mark- 
ing of  Government  corners  was  given  by  Mr.  A.  S.  Doty  of 
Kansas  City.  Mo.,  in  a  recent  ejectment  suit  in  which  he 
acted  as  expert  witness.  His  statement  on  the  matter 
follows: 

As  to  the  choice  of  this  substance  as  a  means  of  the 
perpetuation  of  corners.  I  know  little,  having  never  seen 
a  printed  line  on  the  subject.  I  have  heard  a  theory  that 
II  was  selected  on  account  of  Its  lightness,  or  that  it  was 
easy  to  transport  by  man  power.  The  substance  is  more 
or  less  non-destructible,  but  is  easily  shifted  as  to  posi- 
tion by  the  slightest  flow  of  water. 

It  can  also  be  said  to  be  a  common  substance  especially 
in  the  timbered  or  semi-timbered  regions  of  the  country 
where  all  the  earlier  operations  of  farmjng  were  closely 
connected  with  the  felling  and  consumption  of  timber.  The 
earliest  fences,  although  now  often  forgotten,  were  brush 
fences.  A  settler  cleared  a  space  and  used  the  brush  for 
a  fence,  burning  it  later  when  rails  were  ready.  As  fast 
as  stumps  were  seasoned  they  were  burned  in  place,  often 
leaving  a  pocket  of  charcoal  in  the  ground  where  the  fire 
followed  down  the  roots  of  the  tree.  In  an  earlier  day 
wood  was  burned  in  the  open  on  many  occasions.  The  out- 
skirts of  the  timber  were  largely  hazel,  sumac  and  other 
small  growths  of  timber.  These  had  little  use  and  were 
largely  burned  on  the  ground  in  order  to  make  way  for 
blue  grass   pasture   land. 

As  to  the  charcoal  being  used  in  perpetuating  govern- 
ment comers,  it  may  be  said  to  have  been  an  excellent 
medium  as  to  longevity  or  durability,  but  not  as  to  stability 
of  location.  The  color  was  also  not  favorable  for  the  pur- 
pose of  perpetuating  corners,  as  the  dark  loam  soils  gave 
no  contrast  by  which  the  charcoal  could  be  recognized.  It 
is  also  true  that  the  clay  loam  soils  of  North  Missouri 
have  In  the  fir.'st  foot  of  depth  lumps  of  different  size  in 
their  composition.  Of  this  in  timbered  lands  I  have  no 
explanation  except  that  nuts  and  acorns  may  have  de- 
cayed and  have  become  imbedded  in  the  soil  and  later 
turned  to  a  darker  loam  than  the  soil  surrounding  them. 
The  depth  at  which  this  charcoal  was  reported  buried 
should  have  much  to  do  with  the  reasonableness  of  its 
reported  discovery.  Where  il*  was  reported  left  on  top  of 
the  ground  or  a  few  inches  under  it  is  not  reasonable  to 
expect  it  to  remain  unchanged  as  to  location,  especially  in 
timber  lands  where  the  soil  was  a  loam  and  where  no  grass 
was  growing  unless  the  ground  was  level.  A  covering  of 
earth  In  tlmberland  would  become  washed  down  either  on 
a  level  surface  or  on  an  incline.  The  heavy  rains  of  spring 
in  north  Missouri  would  probably  wash  down  any  mound 
left  by  government  8\irveyors  unless  a  sod  was  forming 
to  hold  it  in  place.  It  is  also  true  that  one  class  of  ani- 
mals, the  common  swine,  feed  on  charcoal.  Any  charcoal 
left  near  the  surface  or  on  top  of  the  surface  would  be 
subject  to  destruction  by  this  kind  of  stock.  If  at  large  In 
the   vicinity. 

Ab  to  the  original  post  as  reported  set.  the  common 
theory  Is  that  they  were  cut  as  near  to  the  corner  as  It 
was  possible  to  procure  them,  and  that  they  were  round  and 
never  split.  The  labor  of  walking  long  distances  through 
an  obstructed  course  was  all  the  parties  could  undertake. 
They  reported  driving  a  stake  and  depositing  usually  2 
quarts  of  charcoal  around  It.  sometimes  on  top  of  the 
ground  and  In  places  3  Inches  under  the  ground.  The 
charcoal  was  probably  a  witness  to  the  stake.  When  the 
stake    should    decay,    then    the    retracer    was    to    carefullv 


skim  off  the  top  of  the  hoII.  watching  for  the  appearance 
of  charcoal.  When  the  charcoal  was  discovered  It  should 
lay  In  a  sheet  and  be  about  the  quantity  reported.  At  this 
point  authority  says  that  a  marking  pin  shall  be  jabbed 
down  In  dliferent  places  in  the  charcoal  bed  till  a  soft 
spot  Is  found.  Indicating  the  location  of  the  stake.  If 
found  In  a  clay  soil  by  removing  part  of  the  charcoal,  the 
shape  of  the  slake  may  be  shown  by  the  dark  color  of  the 
cavity  left  by  the  stake.  If  this  is  not  sufUcient.  the  sur- 
veyor should  alg  vertically  on  one  side  of  the  stake  till  a 
side  view  of  the  cavity  or  rotten  stake  can  be  seen,  always 
being  careful  to  leave  half  of  the  charcoal  bed  In  place 
and  half  of  the  cavity  intact  If  the  soil  will  hold.  A  study 
of  the  cavity  may  show  a  sawed  stake  or  a  sawed 
split  stake,  a  split  stake  or  a  round  stake.  A  gov- 
ernment corner  might  show  a  round  stake  cavity  with 
a  sawed  or  split  stake  cavity  reaching  farther  down,  the 
second  stake  being  a  renewal.  Any  cavity  reaching  too 
far  "aown  would  probably  not  be  made  by  a  stake  driven 
by  government   surveyors. 

In  no  case  should  vertical  digging  endanger  the  original 
position  anu  lay  of  the  government  evidence,  and  in  clay 
soils,  about  one-half  of  the  charcoal  bed  and  stake  cavity 
should  remain  untouched  in  the  operation.  A  stone  could 
be  set  at  the  side  of  the  remaining  evidence. 

Any  use  of  the  site  of  a  charcoal  corner  by  a  public 
highway  would  probably  be  fatal  to  the  identifying  of 
stakes  and  charcoal  as  reported  set.  especially  where  the 
road  is  located  in  timber  lands  and  where  it  was  used 
for  many  years  ungraded.  It  is  unbelieveable  that  such 
markings  could  withstand  the  travel  in  times  of  freshets 
and  spring  thaws,  when  the  roads  often  become  impass- 
able. 


Quarry  Stripping  with  Conveyorand  Steam 
Shovel 

stripping  at  an  Ohio  quarry  is  handled  very  economically 
by  means  of  a  conveyor  operated  in  connection  with  a 
steam  shovel.  The  method  is  described  by  Mr.  Oliver 
Bowles   in  a   bulletin,   "Rock   Quarrying   for  Cement  Manu- 


Conveyor   and    Steam    Shovel   for    Stripping    In    Ohio    Quarry. 

facture."  issued  recently  by  the  U.  S.  Bureau  of  Mines. 
The  soil  to  be  removed  is  30  to  45  ft.  thick  and  the  bed 
of  rock  beneath  is  only  S  ft.  thick.  As  the  rock  is  removed, 
the  area  worked  out  is  available  for  disposal  of  overburden. 
The  equipment,  as  shown  In  the  illustration,  consists  of 
an  inclined  bridge-like  structure  of  steel  mounted  on 
wheels.  On  this  incline,  two  independent  cable  cars  on 
separate  tracks  are  operated  with  an  electric  hoist.  The 
cars  are  loaded  with  the  steam  shovel,  hauled  up  the  In- 
cline, and  dumped.  The  total  length  of  the  conveyor  la 
173  ft.,  and  It  places  the  material  150  ft.  from  the  steam 
shovel.  The  shovel  has  a  214-yd.  dipper,  and  each  car  Is 
of  5-yd.  capacity.  The  whole  machine  may  be  moved  for- 
ward as  the  shovel  Is  advanced.  The  company  claims  that 
stripping  can  be  done  by  this  method  at  an  actual  work- 
ing cost  of  2  ct.  a  cubic  yard,  not  including  overhead 
<iiarges.  depreciation,  or  Interest  on  the  Investment,  and 
that  with  a  gang  of  9  men  2.000  yd.  can  be  handled  per 
(lay.  The  equipment  is  well  adapted  for  stripping  back 
into  pits  from  which  all  serviceable  stone  has  been  re- 
moved. 
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Views  of  American  Industries  on 
Industrial  Readjustment 

A  uew  and  powerful  federation  of  American  industries 
was  created  at  the  Reconstruction  Congress  of  Industrial 
War  Service  Committees,  Dec.  4,  5  and  6,  at  Atlantic  City. 
This  association,  made  up  of  the  nearly  400  War  Service 
Committees  that  were  formed  under  the  direction  of  the 
Chamber  of  Commerce  of  the  United  States,  was  created 
hy  the  committees  to  act  in  the  future  as  the  spokes- 
man for  industry  before  the  Government  just  as  the  com- 
mittees acted  separately  as  the  point  of  contact  between 
Industry  and  the  Government  during  the  war  period. 

The  Federation  voted  to  function  under  direction  of  a 
committee  of  the  Chamber  of  Commerce  and  it  will  have 
back  of  it  and  serving  it  the  chamber's  organization.  When 
necessary  it  will  have,  too.  the  benefit  of  the  weight  of  the 
expression  of  the  membership  of  the  chamber.  The  chair- 
man of  the  War  Service  Committees  will  sit  as  an  Indus- 
trial Advisory   Council   to  the   organization. 

The  views  of  this  assemblage  of  industries  respecting 
industrial  readjustment  were  expressed  at  Atlantic  City 
in  a  series  of  resolutions  covering  the  most  important  sub- 
jects that  today  engage  the  attention  of  business  men. 
Some  of  these  resolutions  of  particular  interest  to  engi- 
neers  and   contractors   follow: 

Cancellation  of  War  Contracts. — It  is  in  the  public  inter- 
est that  all  war  orders  placed  by  any  contracting  agency 
of  the  Government  and  accepted  in  good  faith,  whether 
formally  and  regularly  executed  or  not,  should,  upon  can- 
cellation by  such  contracting  agency,  be  promptly  and 
equitably  adjusted  and  satisfied  as  if  every  formality  had 
been  observed,  and  when  so  adjusted  the  amount  ascer- 
tained to  be  due  by  the  Government  should  be  promptly 
paid,  to  the  end  that  these  funds  may  be  utilized  by  the 
industries  of  the  country  to  speed  their  transitlgn  from 
a  war  to  a  peace  basis. 

If  it  should  be  ascertained  that  legislation  is  necessary 
or  desirable  to  accomplish  this  end.  Congress  should  forth- 
with enact  such  legislation. 

Officials  dealing  with  questions  of^adjustment  on  account 
of  war  orders  must  necessarily  be  familiar  with  all  the 
conditions  affecting-  the  orders.  It  will  greatly  promote 
expedition  and  the  interests  of  both  the  Government  and 
private  enterprise  for  the  officials  who  made  the  contracts 
to  remain  in  the  Government  service  to  participate  in  the 
readjustment. 

Removal  of  Restrictions  on  Industry. — It  is  in  the  pub- 
He  interest  that  all  w-ar  regulations  of  industry  should  be 
revoked,  and  all  war  restrictions  on  industry  should  be 
removed,  as  speedily  as  practicable,  save  in  the  case  of 
^uch  industries  as  are  engaged  in  the  production,  prepara- 
tion or  distribution  of  foods,  feeds,  and  fuel,  and  such 
last-named  group  of  industries  should  be  freed  from  war 
regulations  and  restrictions  as  early  as  consistent  with 
the  welfare  of  this  nation  and  of  the  Allies. 

Industrial  Co-operation. — The  war  has  demonstrated  that 
through  industrial  co-operation  great  economies  may  be 
achieved,  waste  eliminated,  and  efficiency  increased.  The 
nation  should  not  forget,  but  rather  shoul'd  capitalize, 
these  lessons  by  adapting  effective  war  practices  to  peace 
conditions  through  permitting  reasonable  co-operation  be- 
tween units  of  industry  under  appropriate  federal  super- 
vision. It  is  in  the  public  interest  that  reasonable  trade 
agreements  should  be  entered  into,  but  the  failure  of  the 
Government  either  clearly  to  define  the  dividing  line  be- 
tween those  agreements  which  are,  and  those  which  are 
not,  in  unreasonable  restraint  of  commerce,  or  to  provide 
an  agency  to  speak  for  it  on  application  of  those  proposing 
to  enter  into  such  agreement,  in  effect  restricts  whole- 
some co-operation  and  deprives  both  industry  and  the  gen- 
eral public  of  its  benefits.  The  conditions  incident  to  the 
period  of  readjustment  renders  it  imperative  that  all  ob- 
stacles to  reasonable  co-operation  be  immediately  removed 
through  appropriate  legislation. 

Relocation  of  Labor. — The  conversion  of  the  industry  of 
the  country  from  a  peace  basis  to  a  war  basis  involved  a 
general  and  important  dislocation  of  labor.  This  movement 


was  gradual.  The  end  of  the  war  involves  a  much  more 
rapid  change  in  industry;  while  there  will  be  a  great  de- 
mand for  labor  to  meet  the  foreign  and  domestic  require- 
ments, there  may  be  for  a  time  in  special  places  a  tem- 
porary condition  of  unemployment. 

In  the  new  relations  of  industry  to  labor  we  conceive 
It  to  be  incumbent  upon  the  community  affected  promptly 
to  meet  such  conditions. 

The  local  chambers  of  commerce  should  be  able  to  con- 
tribute  in   an   important  way   in  this   work. 

Public  Works. — The  development  of  public  works  of 
every  sort,  as  recommended  by  the  President,  should 
promptly  be  resumed,  in  order  that  opportunities  of  em- 
ployment may  be  created  for  unskilled  labor. 

Taxation. — The  cessation  of  hostilities  brings  to  busi- 
ness interests  a  feeling  of  deep  concern  in  the  matter  of 
taxation.  The  problems  of  readjustment  are  made  more 
difficult  through  inequalities  in  the  present  law. 

We  believe,  therefore,  that  in  the  consideration  of 
amendments  to  the  present  act,  or  the  passage  of  new 
revenue  legislation,  the  Congress  should  give  most  care- 
ful consideration  to  the  views  expressed  by  organizations 
of  commerce  and  industry.  Ability  to  pay,  inventory 
values,  and  proper  reserves,  together  with  careful  survey 
of  the  amount  of  revenue  required  under  the  new  condi- 
tions, are  matters  of,  vital  importance  to  business  inter- 
ests of  the  nation  during  this  readjustment  period. 

Railroads. — The  Congress  of  the  United  States  should 
speedily  enact  legislation  providing  for  the  early  return 
under  Federal  cliarters  to  their  owners  of  all  railroads 
now  being  operated  by  this  Government  under  Federal 
regulations  permitting  the  elimination  of  wasteful  com- 
petition, the  pooling  of  equipment,  combinations  or  con- 
solidations through  ownership  or  otherwise  in  the  opera- 
tion of  terminals,  and  such  other  practices  as  will  tend  to 
economies   without   destroying  competition   in   service. 

Means  of  Communication. — We  are  opposed  to  Govern- 
ment ownership  and  operation  of  telegraphs,  telephones 
and  cables. 

Merchant  Marine.— We  recommend  that  the  construction 
of  a  great  merchant  marine  be  continued  and  amplified,  and 
that  its  operation  under  American  control  be  kept  safe  by 
such  legislation  as  may  be  necessary  to  insure  its  stability 
and  its  lasting  value  to  American  industries. 

Port  Facilities. — The  recommendations  of  the  Port  and 
Harbor  Facilities  Commission  of  the  United  States  Ship- 
ping Board  for  development  of  the  American  ports  are 
supported.  Vessels  of  foreign  register  needed  for  our  com- 
merce by  sea  are  attracted  to  those  ports  which  are  best 
fitted  to  coal,  to  load,  and  to  unload  cargoes,  and  thus  pro- 
vide means  for  a  quick  turn-around.  After  ascertaining 
the  port  facilities  of  European  countries,  and  their  plans 
for  further  development,  the  Commission  has  recommended 
that  there  should  be  a  local  port  commission  at  each  of 
the  important  ports  upon  our  coasts,  that  upon  these  com- 
missions there  should  be  representatives  of  industrial, 
commercial,  and  railroad  interests  centering  at  the  port, 
that  facilities  should  be  installed  to  meet  the  needs  of  the  port 
and  that  a  zone  system  should  be  arranged  by  which  ex- 
ports and  imports  would  flow  through  those  ports  which 
are  within  economic  transportation  distance  of  the  points 
of  origin  and  destination.  There  should  be  co-operation 
with  the  Facilities  Commission  in  its  task  of  expending 
means  which  will  enhance  the  position  of  the  United  States 
among   maritime   nations. 

Public  Utilities. — Public  utilities  have  faced  difficult 
problems,  which  have  been  accentuated  by  conditions  aris- 
ing out  of  war.  The  development  and  efficiency  of  such 
a  utility  as  local  transportation  has  immediate  importance 
for  every  community.  It  is  recommended  that  the  Chamber 
of  Commerce  of  the  United  States  should  appoint  a  com- 
mittee to  investigate  and  study  the  question  of  local  trans- 
portation as  it  relates  to  the  control  of  rates  and  service, 
franchises,  taxes,  the  attraction  of  capital  into  the  busi- 
ness, and  such  other  questions  as  the  committee  may  find 
pertinent.  Such  a  committee  should  report  its  recommen- 
dations to  the  Board  of  Directors  of  the  National  Chamber, 
and  the  board  should  deal  with  them  in  accordance  with 
the  established  procedure   of  the   chamber. 
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Water  Powers.— Industrial  activity  Ib  dependent  upon 
thp  avuilable  supply  of  power.  A  bill  which  would  affoct 
ihf  development  o(  hydro-olectric  power  upon  waterways 
aiul  lands  which  are  subject  to  Federal  Jurisdiction  Is  now 
I'.fore  a  committee  of  conference  between  the  two  Houses 
ui  t'ongress.  It  Is  Important  In  the  public  Interest  that 
Federal  legislation  on  this  subject  should  be  enacted  with- 
out further  delay.  We  accordingly  urge  that  the  confer- 
ence committee  arrive  at  an  acceptable  form  of  legisla- 
tion  In  season  for  eiiactnieni   at  this  session  of  Congress. 

Forest  Products  Laboratories. — The  Forest  Products  Lab- 
oratories.— The  Forest  Products  Laboratories  of  the  United 
States  Forest  Service  have  rendered  valuable  service 
through  scientific  investigation  of  the  physical  properties 
of  .\merican  woods  and  their  adaptability  for  structural, 
Industrial,  and  ornamental  usage.  It  is  of  great  Importance 
to  American  Industry  that  the  Government  should  extend 
and  adequately  maintain  the  work  of  the  Forest  Products 
Laboratories. 

Cost  Accounting. — It  Is  the  sense  of  this  convention  that 
a  system  of  uniform  cost  accounting  should  be  adopted  by 
each    industry. 


Handy  iTool   for    Cse  fn   Pulling   Lateral 
Roots  and  Small  Stumps 

The  accompanyiug  illustration  shows  a  tool  that  has 
given  good  service  in  connectioji  with  the  tripod  stump 
puller  and  dynamite  In  the  clearing  of  sandy  white  pine 
stump  land.     It  is  used  as  a  lever  over  which  the  team 


This    Device    Increases    Power    of    Teams    In    Pulling    Roots    and 
Small   Stumps. 

pulls  to  give  additional  power  for  the  pulling  of  lateral 
roots  and  small  stumps  left  in  the  ground  by  either  the 
dynamite    or   the    large    puller. 

The  log  chain  is  passed  through  the  ring  shown  at  the 
top  of  the  triangle  and  then  around  the  snag  or  root  to 
be  pulled.  The  triangle  Is  set  up  as  shown  in  the  picture, 
the  top  leaning  towards  the  object  to  be  pulled.  As  the 
horses  tighten  up  on  the  chain,  this  gives  a  lifting  power 
as  well  as  a  straight  pull  and  as  It  comes  over  towards  the 
team  the  power  of  the  team  Is  about  tripled. 

The  two  sides  of  the  triangle  are  made  of  4  x  "I's  and 
are  about  4'/^  ft.  long.  The  bottom  side  is  made  of  a  heavy 
round  piece  of  wood  and  is  2'/4  ft.  long.  The  ring  is  fastened 
Into  the  top  with  a  heavy  bolt. 


First  Concrete  Ship  of  U.  S.  Shipping  Board  Launched.— 
The  reinforced  concrete  steamship  "Atlantus,"  3.500  tons 
carrying  capacity,  was  successfully  launched  Dec.  3  at  the 
yards  of  the  Liberty  Shipbuilding  Co..  Brunswick.  Oa.  The 
"Atlantus"  is  the  first  of  the  concrete  ships  contracted  for 
by  the  V.  S.  Shipping  Board  Kmergency  Fleet  Corpora- 
tion to  be  finished.  Sister  concrete  ships,  as  well  as  a  num- 
ber of  concrete  ships  of  7..500  tons  capacity,  are  being  built 
In  the  yards  of  the  Liberty  Shipbuilding  Co..  and  In  four 
other  yards  established  by  the  government  exclusively  for 
concrete  ship  construction. 
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The   Work  of  the    Construction 

Division  of  U.  S.  War 

Department 

In  an  address  delivered  .Nov.  llu  at  the  organization  meet- 
ing of  the  Associated  General  Contractors'  Association  of 
.America.  Brig.  Gen.  It.  C.  Marshall.  Chief  of  Construction 
Division.  U.  S.  War  Department,  gave  the  following  outline 
of  the  construction  placed  under  the  control  and  super- 
vision  of  his   division. 

From  the  beginning  of  the  war  up  to  Nov.  1,  1918.  the 
amount  of  money  appropriated  for  construction  work  of 
all   sorts  aggregated   $1,347,000,000. 

There  Is  only  one  state  In  the  Union,  viz.:  .Nevada.  In 
which  the  construction  division  Is  not  doing  some  work 
for   the   army. 

At  the  present  time  (November  1)  more  than  400  proj- 
ects are  In  the  course  of  construction. 

The  construction  division  has  dwarfed  In  size  and  speed 
the  tremendous  historical  achievement — the  Panama  Canal. 
On  that  job,  which  required  10  years  to  build,  the  annual 
expenditures  never  exceeded  J50. 000.000  a  year.  During 
the  past  16  months  the  work  of  the  construction  division 
has  exceeded  $800,000,000,  or  $50,000,000  per  month. 

In  the  camps  and  cantonments  built  by  the  construction 
division,  the  United  States  can  train  over  1,600,000  men 
at  one  time. 

In  type  and  nature,  the  work  done  by  the  construction 
division  has  been  diversified  In  the  extreme,  varying  from 
the  small  shelter  costing  less  than  $1,000  to  house  a  few 
soldiers,  to  the  huge  port  terminals  or  great  ordnance 
jobs  costing  anywhere  from  $30,000,000  to  $50,000,000. 

Value  of  materials  mobilized  in  single  weeks  during  last 
summer  ranged  from  $4,000,000  to  $10,000,000.  For  the 
first  week  in  November  it  was  something  over  $7,000,000. 
As  many  as  10,000  workmen  have  been  employed  on  a  sin- 
gle project  at  one  time.  The  division  has  had  under  its 
control  as  high  as  350.000  workmen  at  one  time. 

Warehouse  facilities  alone,  erected  by  the  division  within 
the  past  year  have  been  of  a  tremendous  magnitude.  More 
than  34,000,000  sq.  ft.  of  storage  space  has  been  provided 
for  the  necessities  of  the  army.  The  cost  of  the  ware- 
houses will  exceed  $220,000,000  and  many  of  them  are  of 
a  permanent  nature.  The  building  of  these  immense  stor- 
age facilities  has  involved  als'o  the  construction  of  hun- 
dreds of  miles  of  railroad  trackage,  docks  and  wharves,  be- 
sides  many   miles   of   roadway. 

The  army  supply  base  at  -Brooklyn  Is  the  greatest  storage 
warehouse  and  terminal  in  the  world.  It  will  cost  about 
$30,000,000.  Two  Ostory  buildings  of  reinforced  concrete 
construction  make  up  the  main  installation.  Each  of  these 
buildings  is  200  ft.  wide  by  980  ft.  long. 

The  work  of  the  construction  division,  summed  up 
briefly,  has  covered  such  diversified  projects  as  camps, 
cantonments,  arsenals,  wharve.  docks,  forts,  great  port 
terminals,  reserve  storage  warehouses,  hospitals  of  all 
sizes  and  descriptions,  aviation  fields,  proving  grounds, 
embarkation  camps,  engineers'  camps,  gunnery  schools, 
housing,  lighterage,  power  plants,  factories,  additions  to 
manufacturing  plants,  munition  plants  and  special  new 
plants  for  the  production  of  nitrates,  phosphorus,  T.  N.  T.. 
and  other  acids,  gas  and  explosives. 

It  should  be  interesting  for  the  American  citizens  to  note 
that  much  of  the  work  of  the  construction  division  has 
been  designed,  not  for  the  destructive  purposes  of  war. 
hut  as  permanent  constructive  work  that  will  be  of  Im- 
measurable value  to  the  country  In  the  great  days  of  com- 
mercial development  which  will  now  follow  the  cessatioft 
of  hostilities.  No  less  than  eight  huge  port  terminals  are 
now  being  developed  by  the  construction  division  at  At- 
lantic. Gulf  and  Pacific  ports.  These  mammoth  terminals, 
all  of  wiilch  will  be  In  partial.  If  not  In  complete,  use  within 
a  few  months,  will  provide  this  country  with  sufficient 
wharves,  docks,  and  port  facilities  to  handle  the  vast  ton- 
nage that  will  be  sailing  the  seas  tinder  our  flag  within  a 
short  time  and  which  will  once  more  place  the  United 
States  In  the  foremost  ranks  of  maritime  nations. 
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Machine  for  Removing  Street  Rail- 
way Tracks  from  Paved 
Streets 

By  means  of  a  specially  designed  machine  the  Los  An- 
geles Ry  Co.  has  been  able  to  pull  out  120  lin.  ft.  ot  track 
per  hour  in  removing  Its  roadway  from  paved  streets.  This 
track  puller  is  described  by  Mr.  Thomas  M.  Bulpin,  Chief 
Engineer,  Los  Angeles  Ry.,  in  the  Electric  Railway  Jour- 
nal, to  which  we  are  indebted  for  the  matter  that  follows: 

About  18  months  ago  the  company  constructed  approxi- 
mately 700  ft.  of  double  track  in  paved  streets.  The  rail 
was  P.  S.  Co.  No.  292  section,  7  in.  high  and  w'eighing  116 
lb.  to  the  yard.  This  rail  was  laid  on  6-in  x  8-in.  x  6-ft.  red- 
wood ties  spaced  20-in.  centers.  These  ties  were  placed  on 
a  6-in.  crushed  rock,  cement  grouted  ballast  and  the  entire 
rail  paved  in  with  concrete,  making  a  solid  concrete  pave- 
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Reconstruction  and  the  Building 
Industry* 

BY  WILLIAM  A.  CALDER. 

United    States    Senator    from    the    State    of    New    York. 

In  order  to  understand  the  problems  of  reconstruction 
which  the  building  industry  is  facing,  it  is  necessary  not 
only  to  review  the  factors  which  brought  about  a  curtail- 
ment of  building  during  the  war,  but  to  go  back  of  that  and 
study  the  condition  of  the  industry  just  before  the  war. 
Even  during  this  pre-war  period  there  had  been  a  gradual 
decline  in  building  activities  due  to  increasing  costs  of  labor 
and   material. 

Construction  During  the  War. — The  history  of  the  war 
orders  of  the  past  13  months  is  well  known  to  you.  The 
first  order  issued  by  Judge  Lovett,  Oct.  27,  1917,  restricted 
the  use  of  open  cars.     Then  came  Secretary  McAdoo's  de- 
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Details  of  Machine  fop  Pulling  Track  from    Paved   Streets. 


ment  19  in.  in  thickness.  This  particular  portion  of  track 
was  part  of  a  line  recently  abandoned  by  the  company,  and 
under  the  abandonment  proceedings  was  required  to  be  re- 
moved within  a  time  limit. 

To  remove  these  tracks  the  company  designed  and  con- 
structed a  machine  which  consists  of  two  200-ton  hydraulic 
jacks,  mounted  on  horizontal  beams  which  straddle  the 
track.  These  beams  prevent  the  breaking  of  the  pave- 
ment outside  of  the  railway  strip.  The  rail  tongs  are 
made  to  fit  the  special  section  of  rail  upon  which  work  is 
being  done.  Although  our  practice  has  shown  that  there 
can  be  considerable  leeway  in  this  regard,  the  jacks  are 
placed  directly  under  the  beam  from  which  the  rail  tongs 
are  suspended. 

The  preliminary  work  necessary  consists  of  cutting  out 
sufficient  paving  along  the  rail  to  permit  of  the  placing  of 
the  tongs  under  the  ball  of  the'  rail.  This  must  be  done 
at  intervals  of  10  ft.  to  20  ft.,  depending  upon  the  construc- 
tion of  the  track  to  be  pulled.  The  jacks  are  started  and  a 
lift  of  from  6  in.  to  9  in.  is  sufficient  to  pull  the  rails  en- 
tirely free  from  the  ties  and  thoroughly  break  the  concrete 
within  the  railway  strip.  This  operation,  including  the 
moving  of  the  machine,  requires  from  4  to  6  minutes. 

The  macnine  is  moved  along  the  track  with  an  elec- 
trically operated  Brown-Hoist  crane,  the  operation  consist- 
ing of  raising  the  puller  a  few  inches  above  the  pavement 
and  moving  it  entirely  suspended  to  the  next  position.  It 
has  been  found  desirable  to  follow  immediately  behind  the 
machine  with  two  15-ton  hand  jacks,  as  this  facilitates 
the  removal  of  concrete  and  paving  blocks. 

The  company  estimates  that  with  this  machine  and  six 
men,  it  can  remove  more  track  than  it  could  with  200  men 
under  the  ordinary  method  of  sledging  and  gadding. 


American  Engineer  Regiments  Built  843  Miles  of  Railroad 
in  France. — The  American  army  brought  over  to  France  and 
had  in  operation  on  Nov.  11.  967  standard  gage  locomotives 
and  13,174  standard  gage  freight  cars  of  American  manu- 
facture. In  addition  it  had  in  service  350  locomotives  and 
973  cars  of  foregn  origin.  To  meet  demands  which  the  ex- 
isting French  railways  were  unable  to  meet,  843  miles  of 
standard  gage  railway  were  constructed. 


mand  for  the  cessation  of  all  building  not  essential  to  the 
prosecution  of  the  war  or  immediately  necessary  for  do- 
mestic welfare,  followed  by  the  increasingly  stringent 
rulings  of  the  F\iel  Administration,  the  War  Industries 
Board  and  the  Capital  Issues  Committee,  and  the  position 
taken  by  the  Department  of  Labor  in  classing  building 
labor  as  non-essential.  The  most  far  reaching  orders  of  the 
War  Industries  Board  were  those  affecting  the  building  in- 
dustry. The  zero  hour  for  building  came  when  pledges 
were  required  of  all  material  dealers  and  licenses  of  the 
non-war  construction  section  of  the  War  Industries  Board 
for  all  buildings  over  $2,500. 

The  release  of  building  work  has  been  more  rapid  be- 
ginning with  a  more  liberal  attitude  toward  housing  proj- 
ects, followed  by  the  release  of  building  under  .$10,000,  the 
general  removal  of  restrictions,  and  culminating  in  Mr. 
McAdoo's  statement  of  Nov.  17  urging  civil  construction 
and  instructing  the  Supervising  Architect  of  the  Treasury 
Department  to  proceed  with  government  work,  and  then 
Mr.  Baruch's  order  of  Nov.  21  releasing  all  restrictions. 

Construction  Essential  to  Normal  Business  Development. 
— The  present  conditions  in  the  building  industry  are  sim- 
ilar to  conditions  before  the  war.  but  more  acute.  Costs  of 
labor  and  material  are  still  higher.  The  most  favorable 
aspect  of  the  situation  lies  in  the  increasing  shortage  of 
buildings  of  all  types — constituting  a  potential  demand  for 
construction.  Deferred  building  is  part  of  the  war  debt, 
that  is.  It  must  be  met  before  we  can  return  to  normal 
conditions.  Construction  is  an  essential  industry  and  there- 
fore a  prerequisite  to  all  normal  business  development.  The 
natural  inactivity  of  building  in  the  fall  and  winter  should 
give  opportunity,  in  view  of  the  shortage  in  all  types  of 
construction,  for  the  gradual  restoration  of  confidence  in 
such  investments,  unretarded  by  fear  because  it  does  not 
come  faster.  The  winter  may  also  give  those  who  are 
planning  to  build  the  opportunity  for  laying  plans  and 
choosing    their    materials. 

Unfavorable  Factor  in  Building  Outlook. — The  most  un- 
favorable factor  in  the  building  outlook  is  the  timidity  of 
investment  capital.     This  is  a  hang-over  from  pre-war  con- 
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ditionti  whicli  bUU  pervades  tiiiancc.  The  effect  of  the  war 
orders  of  the  adiuinistrutiun  and  the  systematic  discour- 
agement of  building  by  the  C'apitai  Issues  Committee  Is 
still  apparent.  Another  adverse  factor  is  the  restlessness 
uf  labor  apart  from  the  element  of  wases  (since  only  IM 
per  cent  of  labor  disputes  in  the  building  lines  are  over 
wages,  the  other  90  per  cent  being  petty,  Jurisdictional  or 
breach  of  contract),  together  with  Inefflclency  due  to  gov- 
ernment work  and  overtime  standards.  Transportation 
cannot  be  depended  upon  for  efhclent  service  and  rates 
have  Increased  to  almost  u  prohibitive  decree,  although  be- 
fore the  war  25  per  cent  of  the  carrying  capacity  of  the 
railroads  was  devoted  to  building  material.  Finally  fuel, 
although  released,  is  high  and  difhcult  to  obtain,'  for  the 
building  industry  consumes  30,000,UU0  tons  out  of  the  425,- 
000. 000  produced  by  the  country. 

Now  these  factors  are  grave  and  might  weigh  In  other 
less  essential  industries,  but  in  building  they  are  offset 
lirst,  by  the  necessity  of  immediate  housing  for  a  large 
percentage  of  the  population  who  are  suffering  through  the 
high  cost  of  living  Induced  by  building  shortage,  and  sec- 
ond, by  the  encouragement  which  the  government  is  now 
f:iving  building.  Secretary  McAdoo  regards  the  revival  ot 
the  construction  industry  as  essential  to  the  country's  wel- 
fare in  its  transition  from  a  war  to  a  peace  basis,  and 
former  Governor  Hughes,  at  a  recent  meeting  of  the  Acad- 
emy of  Arts  and  Sciences,  has  urged  an  immediate  coun- 
try wide  survey  of  needed  public  construction. 

Government  Construction  Alone  Will  Not  Bring  Building 
Industry  to  Its  Normal  Condition. — But  builders  who  are 
tar  seeing  and  able  to  analyze  the  present  situation  realize 
that  public  construction  alone  will  not  bring  the  industry 
back  to  its  normal  position  in  the  life  of  the  nation.  Gov- 
ernment construction  can  only  help  as  a  transition  meas- 
ure, while  private  enterprise  is  slowly  recovering  its  confi- 
dence and  reabsorbing  labor  and  materials.  As  an  ulti- 
mate solution  of  the  building  prices,  government  construc- 
tion alone  will  fail,  because  at  most  it  can  substitute  but  a 
small  proportion  of  normal  building;  it  will  not  relieve  the 
present  burden  of  taxation;  and  it  will  not  supply  buildings 
which  bring  reduction  of  rents  and  afford  the  necessary 
tools  of  industry. 

On  the  whole,  military  and  government  housing  construc- 
tion has  had  an  unfavorable  influence  on  building.  Govern- 
ment contracts  have  been  let  in  large  numbers.  They  have 
been  let  on  a  cost  plus  basis  and  they  have  been  carried 
out  without  close  supervision.  Abnormal  war  requirements 
have  set  false  precedents  for  the  cost  of  materials  and  the 
cost  and  efficiency  of  labor.  Continued  government  con- 
struction as  a  substitute  for  private  enterprise  will  injuro 
the  industry,  for  the  public  work  will  absorb  a  fraction  of 
our  surplus  labor  and  material  and  thus  help  to  stabilize 
markets,  it  will  maintain  the  present  false  standards  which 
are  now  the  greatest  discouragement  to  private  investment. 
Thus  in  the  long  run  the  total  annual  output  ot  construc- 
tion   will    not   be   caught   up. 

The  remedy  for  these  difficulties  is  the  encouragement 
of  private  building  which  shall  steadily  and  Increasingly 
replace  public  construction  and  as  rapidly  as  possible  take 
over  surplus  labor  and  material  and  establish  the  industry 
on  a  sound  economic  basis. 

Government  Co-operation  Needed  for  Encouragement  of 
Private  Investment.- -Tin-  immediate  problem,  therefore, 
which  confronts  the  building  industry  is  to  find  a  means  of 
encouraging  private  construction.  Two  methods  suggest 
themselves.  First,  the  cf>-operation  of  the  government 
should  be  secured,  not  only  for  the  development  of  large 
puTiHc  works,  but  more  fundamentally  in  the  encouragement 
of  private  Investment.  During  the  past  year,  from  the  time 
of  the  first  restrictions  on  building  until  the  day  when  the 
armistice  was  signed  and  rapid  releases  were  made,  the 
government,  through  a  series  of  rulings  and  non-blndlog 
orders,  carried  on  a  vigorous  publicity  campaign  designed 
to  discourage  all  non-war  construction.  Now  that  the  ob- 
jects of  the  war  are  achieved  and  the  lime  has  come  to 
build  up  the  industry  again,  the  government  should  through 
similar  methods  of  publicity  counteract  the  depressing  ef- 
fect which  Its  war  measures  have  had  on  capital,  and  thus 
hasten  the  return  of  normal  conditions. 


Aside  from  the  benefits  which  will  accrue  directly  to 
the  building  industry  through  the  government's  adoption 
of  such  a  policy,  will  be  Its  far  reaching  effect  on  the  coun- 
tl^'  as  a  whole.  As  a  source  uf  national  revenue  alone,  the 
government  would  do  well  to  restore  the  building  industry 
by  every  means  at  Its  command.  Before  the  war  the  con- 
struction of  the  country,  including  increased  land  values, 
because  of  such  construction,  paid  more  than  one-half  of  the 
taxes  of  the  nation,  if  County,  State  and  Federal  budgets 
are  included. 

Before  the  war  the  industry  employed  over  2,000,000  men, 
all  tax  members  of  society.  Since  the  war  a  greater  portion  of 
the  total  annual  output  of  construction  has  been  deferred 
on  account  of  government  restrictions,  causing  the  loss  of 
a  sum  equal  to  the  entire  estimated  savings  effected  by 
price   fixing. 

The  government  shoWd  encourage  private  enterprise  as 
the  only  solution  of  the  serious  social  problems  which 
spring  from  the  high  cost  of  living  and  the  restlessness  of 
labor. 

Federation  of  Diverse  Factors  of  the  Industry. — But  the 
restoration  of  the  building  industry  cannot  be  brought 
about  through  government  encouragement  of  private  In- 
vestment alone.  A  second  measure  which  it  seems  im- 
perative to  take  in  this  complex  period  of  readjustment 
is  the  organization  of  the  many  diverse  factors  ot  the  in- 
dustry through  a  federation,  flexible  and  yet  strong  and 
far-seeing  enough  to  deal  with  the  problems  which  are 
common  to  all  branches  ot  the  industry.  The  very  com- 
plexity of  these  problems  today  are  evidence  ot  the  need  of 
such  unity  and  strength  and  co-operative  effort  as  federa- 
tion  alone   gives. 

\A'hile  there  is  an  under-supply  of  building  extending 
back  over  a  period  of  years,  there  is  insufficient  demand 
to  form  a  satisfactory  basis  in  order  to  keep  the  industry  In 
normal  condition.  For  this  purpose  construction  should 
total  about  $250,000,000  per  month.  It  presumably  will  be 
a  government  policy  to  allow  each  industry  to  solve  its 
own  problems  free  from  government  regulations.  Indus- 
tries which  have  been  enjoying  war  profits  and  the  bene- 
fits of  organization  through  war  activity  are  better  able  to 
solve  their  own  problems  than  is  the  building  industry  un- 
der present  conditions,  t'nless  the  building  industry  takes 
on  more  than  normal  activity  and  produces  in  addition  to 
current  requirements,  during  the  next  two  or  three  years,  an 
additional  amount  of  building  construction,  equal  to  that 
which  has  been  deferred,  the  country  will  remain  In  a  state 
of  arrested   development. 

The  Labor  Situation. — On  a  basis  of  an  armed  force  of 
4,000,000  men  there  are  probably  between  15.000,000  and 
20,000,000  diverted  from  peace  to  war  work.  If  the  armed 
force  is  reduced  to  1.000,000  men  during  the  coming  year 
there  will  be  from  12.000.000  to  15.000.000  men  free  for  the 
industries  of  peace.  The  maximum  of  labor  shortage  never 
exceeded  between  1,000,000  and  2.000.000  men  and  at  present 
there  Is  little  or  no  shortage. 

The  Material  Situation.— While  there  is  less  than  a  nor- 
mal supply  of  materials  in  the  hands  of  manufacturers, 
there  Is  an  over-supply  in  the  hands  ot  the  government 
which  cannot  be  thrown  on  the  market  without  breaking 
the  market  and  throwing  labor  out  of  employment.  Repre- 
sentatives of  the  War  Industries  Board  estimated  that  the 
country  was  producing  steel  at  the  rate  of  45.000,000  tons 
per  year  (on  Nov.  1);  that  this  was  practically  all  used 
for  war  purposes.  The  first  half  of  1918  the  steel  industry 
produced  17,000,000  tons,  or  at  the  rate  of  34,000,000  tons 
iinnunlly.  It  is  estimated  that  France  will  not  need  over 
s  000,000  tons  during  the  coming  year.  It  as  much.  The  use 
and  sale  of  the  surplus  output  must  be  arranged  for  unless 
the  steel  Industry  Is  to  go  Into  a  condition  ot  depression 
with  unfavorable  effect  on  labor  and  with  sympathetic  ef- 
fect toward  general  building  depression.  Building  indus- 
try win  never  absorb  steel  at  the  former  rate  per  cubic  foot, 
because  reinforced  concrete  construction  has  become  pop- 
ular and  requires  but  one  third  the  steel  of  ordinary  steel 
construction,  with  a  consequent  saving  of  labor  In  steel 
production,  transportation  and  erection. 

On  the  wise  solution  of  these  Intricate  problems  Involv- 
ing all  branches  of  the  building  Industry  will  depend  the 
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recovery  which  it  makes  in  the  period  of  reconstruction 
ahead.  For  their  solution  should  be  marshaled  the  best 
brains  of  the  industry,  through  an  organization  which  will 
give  expression  to  all  aspects  of  these  problems  and  func- 
tion adequately  with  the  department  of  commerce  of  the 
government  in  working  out  a  liberal  and  progressive  policy 
for  the  development  of  the  industry  during  the  next  few 
years. 


The  Stone  Industry  in  1917 

The  total  value  of  stone  sold  In  the  United  States  in 
1917  was  $82,215,617,  according  to  statistics  compiled  by 
Mr.  G.  F.  Loughlin,  of  the  U.  S.  Geological  Survey.  This 
is  an  increase  of  4  per  cent  over  the  value  of  that  sold  in 
1916.  This  increase  followed  an  ii^rease  of  6  per  cent  in 
1916  and  a  decrease  of  4  per  cent  in  1915.  The  quantity 
of  stone  sold  in  1917  w-as  approximately  82,800,000  short 
tons,  a  decrease  of  about  9  per  cent  from  that  sold  in 
1916.  The  increase  in  value  in  1917  was  due  entirely  to 
the  greater  value  of  limestone  sold,  as  the  total  value  of 
all  other  varieties  of  stone  sold  was  less,  the  decrease 
ranging  from  1  to  11  per  cent.  An  increase  of  12  per  cent 
in  the  value  of  limestone  was  due  to  a  large  increase  In 
the  output  of  stone  quarried  for  use  as  furnace  flux — from 
23,623,508  long  tons,  valued  at  $13,946,882,  in  1916,  to  25,- 
574,146  long  tons,  valued  at  $18,679,213,  in  1917. 

Continued  depression  in  the  building  industry  in  1917, 
which  affected  the  better  grade  of  building  stone  of  all 
kinds,  caused  a  decrease  of  over  17  per  cent  in  value,  and 
of  30  per  cent  in  quantity.  The  output  for  1917  was  17,- 
263,893  cubic  feet,  valued  at  $12,102,914,  and  that  for  1916 
was  24,754,742  cubic  feet,  valued  at  $14,677,808.  The  value 
of  paving  blocks  sold  in  1917  was  $2,732,444,  practically 
the  same  as  in  1916.  This  sum  represented  an  output  of 
48,907,677  blocks  having  an  average  value  per  1.000  blocks 
of  $55.87.  Though  figures  showing  the  exact  quantity  pro- 
duced in  1916  are  not  available,  a  close  estimate,  based  on 
an  exact  knowledge  of  87  per  cent  of  the  output,  showed 
an  output  of  55,061,840  blocks,  a  decrease  of  11  per  cent. 
The  value  of  both  curbing  and  flagging  decreased  13  per 
cent  in  1917,  that  of  stone  for  riprap  decreased  31  per  cent, 
and  that  of  stone  for  rubble  increased  nearly  5  per  cent. 
Crushed  stone  amounting  to  40,285,377  short  tons,  valued 
at  $29,065,509,  was  produced  in  1917,  a  decrease  of  7,790,204 
tons  {16  per  cent)  in  quantity  and  $397,043  (1.3  per  cent) 
in  value.  The  average  value  was  72  cents  per  ton  in  1917, 
an  increase  of  11  cents.  The  following  tabulation  shows 
the  quantity  and  value  of  stone  sold  in  the  United  States 
in  1917: 

Building  stone  , (cu.  ft.)  17,263,893  $12,102,910 

Monumental  stone ' (cu.  ft.)  4.058.626  8,102,000 

Paving  blocks  (number)  48,907,677  2.732,000 

Curbing    (lineal   ft.)  3,698.275  1,402,980 

Flaggring   (sq.  ft.)  3.027,115  356.327 

Rubble  and  riprap   (short  tons)  3,598.585  3.072,694 

Crushed   stone    (short    tons)  40.285,377  29,065,503 

Furnace  flux    (long  tons)  25,574,146  18,679,213 

Refractory    (short    tons)  1,573.573  1,607.743 

Manufacturing  industries    (short  tons)  5.446,558  4,070,351 

Other  uses (short  tons)  1.299,887  1,023,013 

The  number  of  plants  reporting  operations  in  1917  was 
2,647,  which  was  388  less  than  in  1916.  A  large  number  of 
the  small  quarries  were  closed  on  account  of  scarcity  of 
labor,  increased  cost  of  supplies,  lack  of  local  demand,  and 
substitution  of  cheaper  material.  The  increase  in  the  cost 
of  operation  was  20  to  75  per  cent,  and  the  advaape  in  the 
selling  price  was  20  to  50  per  cent. 


State  Governors  Asked  to  Submit  Construction   Programs. 

— The  War  Labor  Policies  Board  on  Dec.  7  sent  telegrams 
to  governors  of  all  the  states  urging  the  necessity  of  devel- 
oping public  works  during  the  period  of  demobilizing.  The 
governors  were  asked  to  have  complete  data  on  construc- 
tion projects  available  at  the  annual  conference  of  gov- 
ernors which  opened  at  Annapolis,  Md.,  Dec.  16.  Informa- 
tion received  by  the  Board  from  mayors  of  large  cities  in 
response  to  similar  requests  indicates  that  approximately 
$300,000,000  worth  of  public  construction  stopped  on  account 
of  the  war  can  be  resumed  as  rapidly  as  men  and  materials 
are  available. 


Engineers'  License  Laws 

The  various  state  laws,  existing  and  proposed,  for  licens- 
ing engineers  are  summarized  in  the  preliminary  report  of 
the  Committee  on  Legislation  of  the  American  Association 
Engineers,  which  was  appointed  last  September  to  gather 
information  on  the  subject  and  to  draw  up  a  standard  li- 
cense law.  The  report  appears  in  the  December  Monad,  from 
which  the  following  is  abstracted: 

Existing    License    Laws. 

LOUISIANA.  Passed  in  1908.  Provides  for  examination 
and  license  of  surveyors  and  civil  engineers  by  Board  of 
Examiners  appointed  by  the  Governor.  Fee  and  registra- 
tion, $12. 

WYOMING.  Licenses  engineers  and  surveyors  in  mat- 
ters relating  to  water  conservation  and  irrigation  work. 
Examining  Board  consists  of  state  engineer  and  two  other 
engineers  appointed  by  the  Governor.     Fee,  $5. 

ILLINOIS.  Passed  in  1915.  Provides  for  the  licensing  of 
all  persons  practicing  structural  engineering.  Defined  as 
follows:  "Any  persons  engaged  as  principal  in  the  design- 
ing and  supervision  of  construction  of  structures  designed 
solely  for  the  generation  of  electricity  or  for  the  handling 
of  coal,  cement,  sand,  gravel,  or  similar  materials,  eleva- 
tors, manufacturing  plants,  docks,  bridges,  blast  furnaces, 
rolling  mills,  gas  producers  and  reservoirs,  water  tanks, 
sanitary  works  as  applied  to  the  purification  of  water,  or 
plants  for  waste  and  sewage  disposal,  roundhouses,  rail- 
road shops,  pumping  stations,  or  power  houses  shall  be 
considered    as    structural    engineers."' 

Board  of  five  examiners  appointed  by  the  Governor.  Plans 
to  be  stamped  with  license  seal  of  engineer.  Reciprocity 
arrangement  with  other  state  licensed  engineers.  Fee  and 
registration,  $51.     Annual  fee,  $10. 

Although  entitled  "a  structural  engineers'  law"  it  really 
covers  quite  a  comprehensive  field  of  civil  engineering.  The 
law  was  passed  through  the  efforts  of  an  energetic  and  able 
committee  of  the  Western  Society  of  Engineers. 

FLORIDA.  Passed  in  1917.  This  law  covers  the  prac- 
tice of  civil  engineering.  It  is  almost  identical  in  form  with 
that  suggested  by  the  committee  of  the  American  Society 
of  Civil  Engineers  and  which  is  outlined  below.  Examina- 
tion and  registration  fee,  $25.     Anjjual  fee,  $5. 

Other  states  and  countries  having  engineers'  or  survey- 
ors' license  laws  of  various  degrees  of  requirement  are: 
California,  Idaho,  South  Dakota,  Canada,  and  City  of  Mex- 
ico. 

Proposed    Laws. 

NEW  YORK.  In  1910  or  1911  bills  were  introduced  in  the 
New  York  legislature  by  the  Technical  League  for  licensing 
engineers.  Objection  to  the  form  and  division  of  opinion 
among  engineers  defeated  these  measures.  The  agitation 
led  to  the  appointment  in  1910  of  a  Committee  on  Legis- 
lation by  the  American  Society  of  Civil  Engineers.  The 
Board  declaiming:  "That  it  was  the  sentiment  of  the  Board 
that  the  A.  S.  C.  E.  use  its  influence  in  the  proper  formula- 
tion of  legislation  affecting  the  practice  of  engineering." 

The  committee  submitted  a  proposed  form  of  law  which 
was  afterward,  in  1911.  slightly  altered  by  the  Board,  who 
presented  the  same  with  the  prelude:  "The  Board  of  Di- 
rection of  the  A.  S.  C.  E.  does  not  deem  it  necessary  or 
desirable  that  civil  engineers  be  licensed  in  any  state.  If, 
notwithstanding,  any  state  legislature  deems  statutes  cover- 
ing the  practice  of  civil  engineering  desirable,  the  following 
draft  is  recommended:    (Synopsis  of  this  is  given  below.) 

PENNSYLVANIA,  In  1909  a  bill  for  licensing  was  intro- 
duced in  the  legislature.  It  was  crude  and  ridiculous,  and 
deserved  the  defeat  it  received.  In  1913  a  commission  of 
engineers  appointed  to  investigate  reported  to  the  Governor 
on  March  2,  1916.  "Does  not  recommend  all  engineers  to 
pass  an  examination  and  be  registered.  Recommends  regu- 
lation of  practice  in  state  and  municipal  service."  The 
commission  formulated  a  bill  similar  to  the  A.  S.  C.  E. 
form,  covering  very  comprehensively  many  specific  lines  of 
engineering.  The  bill  was  not  introduced  to  our  present 
knowledge. 

IOWA.  In  1916  a  carefully  drawn  bill  for  the  registration 
of  civil  engineers  failed  to  pass  for  want  of  energetic   sup- 
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port  of  the  engineers.     The  bill  contained  gome  novel  fea- 
tures but  whkh  are  worthy  of  serious  consideration. 

OHIO.     Introduced  In  191".     Failed  to  pass. 
•COLORADO.     A   bill   formulated   by   the   Colorado    Secre- 
tary of  Civil  Knglneers  Is  submitted  to  enRineers  for  sugges- 
tions  to   the   committee   by    W.   L.   Urager.    2381    Clermont 
str«'(!t.  Denver,  Colo. 

MINNKSOTA.  The  Minnesota  State  Knglneers  and  Sur- 
veyors' Society  has  appointed  a  committee  to  report  upon 
the  questions  of  the  licensing  of  engineers.  Geo.  L.  Wil- 
son, Engineer.  M.  of  W..  .Minneapolis  Street  Railway  Com- 
pany, is  Chairman. 

.MICHIGAN.  A  bill  has  been  formulated  for  the  registra- 
tion of  civil  engineers  to  go  into  effect  August.  1919. 

Synopsis  of    Law   Suggesterd    by   Am.   Soc.  C.   E. 

Tha  essentials  for  a  satisfactory  engineers'  license  law, 
as  set  forth  in  the  form  suggested  by  the  American  Society 
of  Civil  Engineers  and  as  incorporated  In  the  Florida  act, 
and  to  a  modified  degree  in  all  other  existing  acts,  are  as 
follows: 

1.  An  exact  definition  of  civil  engineering  as  illustrated 
by  a  statement  of  specific  works  covered. 

2.  The  appointment  ot  a  Board  of  Examiners,  usually 
five,  and  made  by  the  Governor.  Requirements  for  mem- 
bership of  the  Board.    Appointment  of  a  Secretary. 

3.  Mlniauini  requirements  from  candidates  in  qualifying 
for  examination.  Six  years'  experience,  one  of  which  is  in 
responsible  charge.  Two  years'  allowance  for  graduate  of 
approved  technical  school.  It  has  been  suggested  that  a 
minimum  educational  standard  be  a  preliminary  require- 
ment. 

4.  Exemptions  from  examination.  Those  in  actual  prac- 
tice prior  to  the  act.  (To  avoid  an  ex  post  facto  law.) 
Those  licensed  in  other  states  having  equal  requirements. 
It  is  suggested  that  no  additional  fee  be  required  of  such 
parties  other  than  a  nominal  registration  fee.  Consulting 
engineers  for  licensed  engineers.  Also  sufficient  time  for 
engineers  of  other  states  to  permit  them  to  register  without 
interruption  of  worlt.     (See  Louisiana  Law.) 

5.  Reciprocity  with  other  states. 

6.  Conditions  and   limitation  of  the  examination. 

7.  Penalty  for  violation  of  the  act.  It  has  been  sug- 
gested also  that  a  license  is  required  to  qualify  an  expert 
witness  and  that  no  legal  collection  for  engineering  fees 
be  granted  unless  licensed. 

9.  Required  seal  on  plans. 

10.  Investigation  and  prosecutions. 

The  Board  to  be  active  and  responsible  for  this  burden. 


Railway  Improvements  to  Cost  $900,000,000  Proposed. — 
A  program  of  railroad  Improvements  involving  an  outlay  of 
$909,000.(100  for  this  year  and  1919  is  to  be  carried  forward 
by  the  Federal  Railroad  Administration,  according  to  an 
announcement  made  by  former  Director  General  McAdoo. 
The  Items  of  this  total  do  not  include  additional  equipment. 


Calculation  of  Charge  in  Blasting 

.Methods  of  deternilnink'  the  Hinoiiiit  ol  i-xplo^ive.s  to  be 
used  under  various  conditions  of  blasting  are  described  by 
Mr.  Oliver  Bowles  In  a  bulletin.  "Rock  Quarrying  for  Ce- 
ment Manufacturing,"'  issued  recently  by  the  U.  S.  Bureau 
of  Mines.  The  following  notes  are  abstracted  from  the 
bulletin: 

When  churn-drlll  methods  are  first  tried,  a  common  mis- 
take Is  to  make  the  burden  too  heavy.  It  Is  then  Impos- 
sible to  place  enough  explosive  In  the  drill  holes  to  effec- 
tually shatter  the  mass  of  rock  blocked  out.  Blasting  in 
churn-drlll  holes,  as  practiced  in  many  quarries  at  the  pres- 
ent time.  Involves  large  costs  for  drilling  and  explosives 
for  a  single  shot.  Where  the  cost  of  one  shot  may  reach 
several  thousands  of  dollars,  failure  of  the  shot  results  in 
considerable  loss.  Success  In  blasting  depends  largely 
on  the  proper  proportioiHng  of  the  charge,  consequently  a 
careful  and  systematic  method  of  determining  the  charge 
should  be  followed. 

The  best  method  is  to  calculate  the  tonnage  of  rock  to 
be  moved  and  to  proportion  the  charge  accordingly.  The 
tonnage  in  short  tons  may  be  easily  calculated  by  multi- 
plying together  the  length,  breadth,  and  height,  in  feet,  of 
the  mass  to  be  moved,  multiplying  this  product  by  the 
weight  of  a  cubic  foot  of  the  rock,  and  dividing  by  2.000. 
An  average  weight  per  cubic  foot  of  solid  limestone  is  168 
lbs.  If  a  reliable  determination  has  been  made  of  the 
weight  of  the  rock  in  any  quarrv".  the  figure  obtained  may 
be   used  in   place  of  168. 

If.  for  example,  the  length  of  the  mass  of  rock  to  be  shot 
down  is  200  ft.,  the  width  25  ft.,  and  the  height  80  ft.,  the 
approximate  tonnage  would  be 
200X25X80X168 

=  33,600   tons. 

2000 

The  amount  of  explosive  required  for  a  given  tonnage  de- 
pends on  the  physical  properties  of  the  rock,  such  as  hartt 
ness,  soundness,  the  attitude  of  the  beds,  and  also  on  th€ 
type  of  explosives  employed.  As  a  rule,  1  lb.  of  the  ex- 
plosive ordinarily  used  in  churn-drill  holes  is  sufficient 
for  breaking  4  or  5  tons  of  rock.  An  exact  figure  can  be 
determined  only  by  experience.  If  the  charge  is  calculated 
on  a  basis  of  1  lb.  of  40  per  cent  "straight"  nitrogly- 
cerin dynamite  or  nitrostarch  blasting  powder  for  each  5 
tons  of  rock,  and  the  rock  is  not  sufllciently  shattered 
either  the  proportion  of  explosive  should  be  increased  or  a 
higher  grade  should  be  employed.  If.  on  the  other  hand, 
a  V-shaped  mass  is  blown  out  and  the  rock  is  hurled  to  a 
great  distance,  subsequent  charges  may  be  reduced  in  size 
or  a  weaker  explosive  may  be  substituted. 

The  amount  of  explosive  as  detet mined  on  some  such 
basis  may  be  proportioned  among  the  various  drill  holes. 
Even  when  all  the  holes  are  of  equal  depth.  It  may  he  wise 
to  vary  the  charges.     In  blasting  a  heavy  toe,  or  a  corner. 


TABl^E  I— XUMBER  OF  TONS'  OF  LIMESTOXE  PER  FOOT  OF  DRILL.  HOLE  FOR  VARIOUS  SPACINGS   AND   BURDEN'S. 
Burden 
of  drill  Spacing  of  drill  holes,  feet. 

hol.K  5  6  7  8  9  10  11  12  13  14  "  

Tons.  Tons.  Tons.  Tons. 


Tons. 
.  2.08 
.  2.B2 
.  2.94 
.  3.36 
,  3.78 
,   4.20 


Tons. 

2.52 
3.02 


2.92 
3.52 
4.11 
4.70 
5.29 
5.88 
6.46 


6.04 
6.72 
7.39 
8.06 


*Rock  aitsumed  to  welRh  168  lb.  per  cubic  foot. 


3.78 
4.53 
5,29 
6,04 
6,80 
7.56 
8.31 
9.07 
9.82 


4.20 
5.0t 

5.8S 


9.2( 
10,0t 
10,92 
11,76 


Tons,    Tons.    Tons.    Tons.    Tons.    Tons.    Tons.    Tons.    Tons.  Tons. 


8.31 
9.24 
10.16 
11.08 
12.01 
12.93 
13.86 


9.07 
10.08 
11.08 
12.09 
13.10 
14.11 
15.12 
16.13 


8.73 
9.82 
10,92 
12,01 
13.10 
14.19 
16.28 
16.38 
17.47 
18.56 
19.66 
20.74 


10.68 
11.76 
12.93 
14.11 
15.28 
16.46 
17,64 
18,81 
19.99 
21,16 
22,34 
23.52 
24.69 


12.60 
13.86 
15.12 
16,38 
17,64 
18,90 
20,16 
21,42 
22,68 
23,91 
25,20 
26,46 
27.72 
28.98 


IS.Sl 
20.16 
21.50 
22.84 
24.19 
25.53 
26.88 
28.22 
2956 
30,9t 
32,25 
33.60 


17.13 

18.56 
19.99 


2.-..  70 
27.13 
28.66 
29.98 
31.41 
32.84 
34.27 
36.70 
S7.12 
38.55 


19.65 
21.16 

22.68 
24.19 


31.75 
33.26 
34.77 
36  28 
37. SO 
39.31 
40.82 
42  33 
43.84 


22.34 

23.94 

26.20 

25.53 

26.88 

27.13 

28.66 

28.72 

30  24 

30.32 

31.92 

31.92 

33.60 

33.51 

36.2S 

35.11 
36.70 
38.30 
39.90 
41.49 
43.09 
44.68 
46.28 
47.88. 


36.96 
38.64 
40.32 
42.00 
43.68 
45.3« 
47.04 
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heavier  charges  may  be  required  for  certain  holes  than  for 
others. 

Usually  the  drill  holes  are  not  of  equal  depth  because 
the  surface  is  curved,  sloping,  or  irregular.  Under  such 
conditions  it  is  necessary  to  calculate  the  charge  for  each 
drill  hole.  To  simplify  such  determinations.  Table  I  has 
been  compiled,  showing  the  number  of  tons  of  rock  for 
each  foot  of  drill  hole  for  various  spacings  and  burdens. 
The  figures  in  the  horizontal  line  at  the  top  represent  the 
number  of  feet  of  spacing,  and  in  the  column  at  the  left, 
the  number  of  feet  of  burden.  Thus,  by  following  to  the 
right  the  line  for  any  particular  burden  until  the  column 
under  the  desired  spacing  is  reached,  the  figure  found  will 
represent  the  number  of  tons  of  rock  that  must  be  moved 
for  each  foot  of  drill  hole.  If,  for  example,  the  burden  is 
14  feet  and  the  spacing  11  feet,  12.93  tons  of  rock  must 
be  moved  for  each  foot  of  drill  hole.  By  multiplying  this 
quantity  by  the  depth  of  the  hole  in  feet,  the  total  tonnage 
for  which  explosive  must  be  provided  in  this  hole  may  be 
determined. 

Obviously,  the  proper  spacing  and  burden  for  a  given  size 
of  drill  hol'es  may  be  determined  in  the  same  way.  Thus 
it  may  be  found  that  when  the  calculated  amount  of  ex- 
plosive is  placed  in  a  5%-inch  drill  hole  the  charge  is  too 
low  in  the  hole  to  break  the  upper  rock  effectually.  The 
difficulty  may  be  overcome  by  separating  th*  charge  into 
two  parts  with  intermediate  stemming,  by  using  a  larger 
amount  of  a  lower  grade  explosive,  by  increasing  the  burden 
and  spacing  of  the  drill  holes  and  increasing  the  charge 
accordingly,  or  by  reducing  the  diameter  of  the  drill  holes. 
When  the  explosive  would  fill  the  bore  hole  too  high,  it 
may  be  a  good  plan  to  chamber  the  hole.  If  the  drill  holes 
will  not  hold  enough  40  per  cent  strength  explosive  to 
properly  break  the  bottom,  it  is  better  to  use  60  per  cent 
strength  explosive  in  the  bottoms  of  the  holes. 

In  order  to  judge  the  proper  size  of  drill  holes  to  use, 
the  shot  flrer  should  know  the  number  of  pounds  of  ex- 
plosive that  can  be  placed  in  a  drill  hole  of  a  given  size. 
Table  II,  compiled  by  one  explosives  firm.t  indicates  the 
quantity  of  various  types  of  explosives  that  can  be  placed 
in  each  foot  of  drill  holes  of  various  sizes  when  the  cart- 
ridges are  slit  and  the  charge  well  tamped. 

TABLE    II— QUANTITY    OF    EXPLOSIVE    PER    FOOT    THAT 

CAN  BE  PLACED  IN  DRILL  HOLES  OF  VARIOUS  SIZES. 

Straigrht  Low  Extra 

Diameter  Galatin  tiitro-  freezing-         ammonia 

of  drill  dyna-  grlycerin  ammonia  dyna- 

hole.  mite.  dynamite.         dynamite.  mite. 

In.  Lb.  Lb.  Lb.  Lb. 

3  4.25  3.75  S.fiO  3.72 
3U                        5.68                       5.10                        4.S9                      5.07 

4  7.5ri  6.60  6.33  6.62 
4y,                      9.35                      S.40                      R.06                    8.38 

5  "  11.80  10.50  1.0.08  10.35 
5%                    14.94                    13.20                    12.53  13.00 

6  17.00  15.00  14.40  14.90 

The  conditions  of  a  shot  may  be  varied  by  changing  the 
amount  of  the  charge,  by  changing  the  type  of  the  explo- 
sive, and  by  varying  the  spacing  and  burden  of  the  drill 
holes.  Hence  the  problem  is  complicated,  and  good  judg- 
ment and  long  experience  are  required  on  the  part  of  the 
shot  firer  before  maximum  efficiency  is  attained. 


Complete  Electrification  of  Illinois  Central  R.  R.  in  Chi- 
cago Proposed. — The  committee  on  railway  terminals  of  the 
City  Council  of  Chicago  is  considering  an  ordinance  pro- 
viding for  the  electrification  of  the  entire  service  of  the  Illi- 
nois Central  R.  R.  inside  the  limits  of  the  city.  The  com- 
plete plan — electrification  is  only  one  portion  of  it — calls 
for  the  expenditure  of  several  hundred  millions  of  dollars 
for  improvements.  These  include  a  new  $20,000,000  passen- 
ger station,  extension  of  Grant  Park  southward,  widening, 
relocation,  and  extension  of  Indiana  av.,  widening  and  ex- 
tension of  East  12th  St.,  construction  of  five  bathing  beaches, 
creation  of  a  new  harbor  district  to  he  known  as  harbor 
district  No.  3,  and  reclamation  of  lands  by  the  railway  ter- 
minal commissioners  and  the  Illinois  Central  Co. 


tSee  E.  I.  Du  Pont  de  Nemours  &   Co.   catalogue:   Explosives 
for  quarry  blasting,  1915,  p.  15. 


Excavation  Methods  and  Equip- 
ment on  Construction  of  Sh 
Mile  Niagara  Power  Canal 

The  Hydro-Electric  Power  Commission  of  Ontario  is  now 
engaged  in  constructing  an  SV^-mile  canal,  which  will  di- 
vert a  flow  of  10,000  second  feet  of  water  from  Niagara 
Falls,  and  enable  300,000  HP.  to  be  developed.  This  is  one 
of  the  largest  civil  engineering  enterprises  now  in  progress 
in  either  Canada  or  the  United  States.  Its  estimated  cost 
is  $25,000,000  and,  although  begun  in  1917,  it  will  not  be 
complete  until  1921  or  1922,  despite  the  fact  that  work  is 
being  carried  on  day  and  night.  An  interesting  account 
of  this  work  appears  in  the  December  Jline  and  Quarry, 
to  which  we  are  indebted  for  the  matter  that  follows. 

General  Features  of  Canal.— The  canal  gradient  is 
planned  for  1.1  ft.  per  mile,  which  will  give  an  estimated 
velocity  of  6  to  7  ft.  per  second.  The  cut  is  162  ft.  wide 
in  earth,  with  slopes  of  IVa  to  1;  and  48  ft.  wide  in  the 
rock  sections,  with  vertical  sides,  the  overburden  being 
sloped  1%  to  1.  The  water  will  flow  to  a  depth  of  35  ft. 
in  the  rock  portions  of  the  channel,  and  will  wet  the  earth 
section  to  a  vertical  depth  of  about  26  ft.,  with  a  mean 
water  line  width  of  84  ft.  The  bottom  of  the  canal  will 
be  34.6  ft.  wide  in  earth.  From  Montrose,  where  the  canal 
leaves  the  Welland  River,  the  first  8,000  ft.  are  in  earth. 
The  remainder  of  the  canal  is  in  rock,  except  for  a  sec- 
tion near  the  Whirlpool,  which  is  in  earth  for  about  2,000 
ft.  The  total  amount  of  earth  to  be  excavated  is  11,000,000 
cu.  yd.,  and  of  rock,  4,000,000  yd.  The  Hydro  Electric 
Power  Commission  has  acquired  a  wide  right-of-way  for 
this  work,  with  sufficient  room  to  build  two  additional 
canals.  Preliminary  surveys  for  this  enterprise  were  made 
as  early  as  1914,  and  diamond  drill  borings  were  employed 
along  the  proposed  line  to  determine  accurately  the  nature 
of  the  rock  formation.  It  was  not  until  early  in  1917,  how- 
ever, that  actual  construction  was  begun.  The  work  is 
being  performed  by  forces  of  the  commission  on  its  own 
account,  and  has  been  pushed  with  great  vigor  during  the 
war.  No  diminution  of  effort  has  resulted  with  the  con- 
clusion of  hostilities,  as  it  is  felt  that  the  industrial  devel- 
opment of  this  section  of  Ontario  depends  on  the  additional 
power  which  this  undertaking  will  provide. 

Earth  Removal — Heavy  Equipment.— The  work  of  con- 
struction is  proceeding  on  the  river  section  and  on  the 
three  land  or  canal  sections  simultaneously.  In  the  river, 
2,000.000  yd.  of  earth  are  being  removed  by  means  of  a 
Lidgerwood  cableway,  operating  a  3-yd.  clamshell  bucket, 
and  by  a  3-yd.  dipper  dredge.  The  cableway  has  a  span  of 
800  ft.,  with  a  head  tower  80  ft.  high  and  a  60-ft.  tail  tower. 
The  dredge  is  handling  the  4,400  ft.  section  nearest  the  Ni- 
agara River,  loading  the  material  on  scows  which  are 
hauled  out  into  deep  water  in  that  stream.  The  river  cut 
is  40  ft.  wide  and  will  be  30  ft.  deep. 

Due  to  the  accessibility  and  low  cost  to  the  commission 
of  electricity,  this  form  of  power  is  being  employed  for  all 
possible  purposes.  Electric  shovels  are  employed  for  ex- 
cavation, and  twelve  50-ton  electric  locomotives  w^ere  de- 
signed and  built  especially  for  this  work.  These  receive 
their  power  from  an  overhead  trolley,  carried  7  ft.  from 
the  center  of  the  track  by  portable  supports,  so  as  to  pro- 
vide clearance  for  shovels,  cranes,  etc. 

Large  Electric  Shovels.— Due  to  the  depth  of  the  cut, 
ranging  from  50  to  145  ft.  (at  one  point)  and  the  prevalence 
of  quicksand,  the  use  of  large,  powerful  excavators,  capa- 
ble of  handling  the  work  on  a  single  lift  was  decided  on. 
Perhaps  the  most  impressive  machines  on  the  job  are 
the  three  huge  Bucyrus  electric  shovels,  type  "225-B." 
These  weigh  375  tons  each,  develop  800  HP.,  and  are 
equipped  with  90-ft.  booms  and  8-yd.  dippers.  The  motors 
are  Westingliouse  type  M.A.,  440-volt  A.C.,  25  cycle,  with 
Cutler-Hammer  control.  Transformers,  mounted  on  the 
shovels,  receive  line  current  at  4,000  volts  and  step  it 
down  to  working  tension. 

Figure  1  shows  one  of  these  shovels,  which  is  remov- 
ing 85.000  cu.  yd.  of  earth  per  month,  loading  cars  at  an 
average  height  of  86  ft.  above  the  shovel  rails  and  work- 
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ing  one  10-hour  shift  and  no  Sundays.  Where  the  earth- 
work is  completed,  the  S-yd.  dippers  will  be  replaced  with 
5-yd.  dippers  for  handling  rock.  Three  other  electric 
shovels  are  in  use  of  the  Bucyrus  103-C,  110-ton  pattern, 
developing  350  HI*,  and  having  4M!-yd.  dippers  and  special 
booms  for  19^  ft.  loading  in  the  clear.  These  are  all  built 
of  steel  throughout.  There  are  numerous  other  shovels 
and  excavators,  some  operated  by  steam  and  others  by 
electricity. 

Rock  Removal — Channeling. — The  rock  encountered  is 
Niagara  limestone,  and  is  overlain  with  fine  drift  ranging 
from   0  at   the   lower  end   to  40  ft.   in  depth  at   the  upper. 


laid  on  the  center  line  of  the  canal.  In  this  shop  on  wheels 
a  Sullivan  all-hammer  drill  sharpener  is  used  to  sharpen 
the  three-piece  gage  steel  for  the  channelera.  The  impor- 
tance to  rapid  and  elliclent  channeling  of  an  adequate 
supply  of  steel,  with  bits  of  proper  shape,  angle  of  cutting 
edge  and  of  uniform  gage,  properly  tempered,  cannot  be 
over-estimated. 

Rock  Drilling. — For  drilling  the  rock  between  the  chan- 
neler  cuts,  1'5  Sullivan  Hy-speed  hollow  piston  drills  are 
employed,  with  3%-in.  cylinder  diameter.    These  machines 


Fig-     1  — Electric    Shovel    With    90    ft.     Boom    and    8    yd.     Dipper, 
Loading   Cars  86   ft.   Above   Shovel   Ralls. 

Work  wa.s  therefore  begun  at  the  gorge  or  forebay  end.  In 
order  to  avoid  shattering  the  rock  walls,  with  subsequent 
rapid  weathering,  and  to  provide  for  a  smooth  surface, 
offering  a  low  frictional  resistance  to  the  flow  of  water 
in  the  canal,  the  use  of  channeling  machines  was  decided 
upon.  Twenty  Sullivan  duplex  "VW-ei"  channelers,  air 
operated,  are  in  use.  These  have  two  Sin.  chopping  en- 
gines striking  alternately,  and  capable  of  cutting  to  a 
depth  of  20  ft.  They  take  air  at  100  lb.  pressure  and  max- 
imum efficiency  is  secured  by  the  use  of  special  reheaters. 
mounted  on  the  frames  of  the  machines.  This  is  the  same 
type  of  channeler  as  those  recently  employed  on  the  Wel- 
land  Canal,  except  that  the  latter  were  steam  machines. 
These  channelers  are  shown  in  operation  in  Fig.  2.  Ten 
machines  are  at  work  on  each  side  of  the  canal,  on  contin- 
uous track,  in  batteries.  This  arrangement  is  a  common 
one  in  building  stone  quarries,  especially  in  the  Blooming- 
ton-Bedford  district  of  Indiana,  but  is  seldom  seen  on  a 
construction  job.  It  secures  an  absolutely  straight  cut 
on  the  surveyed   line,  and  a  better  rate  of  progress  than 


Fig.    3 — Niagara    Power    Canal    at    Station   443    on    Nov.    14,    1918. 

employ  1%-in.  hollow  steel.  The  advantage  derived  from 
the  use  of  aoUow  steel  is.  that  for  each  stroke  of  the  pis- 
ton, the  bit  has  a  clean  cutting  surface,  the  cuttings  be- 
ing blown  out  of  the  hole  as  rapidly  as  they  are  made.  In 
this  way  none  of  the  force  of  the  blow  is  absorbed  in 
grinding  up  the  cuttings.  This  is  very  evident  to  the  on- 
looker, for  when  one  compares  the  cuttings  accumulated 
around  the  collar  of  the  hole  in  which  hollow  steel  is  be- 
ing employed,  one  will  note  that  they  are  very  much 
coarser  than  the  cuttings  around  the  collar  of  a  hole  of 
a  drill  using  solid  steel.  These  drills  are  mounted  on 
Lewis  hole  tripods,  which  permit  the  drill  to  be  slid  along 
the  front  bar,  ofl  the  steel. 

With  these  drills,  holes  from  9  to  14  ft.  deep  are  put  In 
rows  in  the  usual  manner,  spaced  7  ft.  each  way.  The 
number  of  holes  shot  at  one  blast  is.  however,  unusual, 
ranging  as  ui^u  as  1,200  or  even  2.000.     The  holes  are  flrst 


Fig.   2— Chanr 


and   on   Continuou 


if  the  channelera  were  placed  scattering  along  the  canul. 
For  one  thing,  the  sludge  or  mud  at  the  bottom  of  the  cut 
is  kept  constantly  agitated,  and  does  not  have  a  chance 
to  settle  and  form  a  cushion.  An  element  of  competition  is 
also  brought  into  play  between  the  machines  on  the  two 
sides  of  the  canal. 

The  channelers  are  cutting  at  the  average  rate  of  about 
200  sq.  ft.  per  10-hour  day  per  machine,  which  is  good 
progress  In  this  stone,  considering  the  depth  of  the  cut 
(20  ft.):  To  eliminate  delay  due  to  lack  of  sharp  steel,  a 
portable    blacksmith    shop    was    built,    and    runs   on    tracks 


Fig. 


-Channelers  Working 


First  Cut  at  Station  316125.5. 


sprung  with  from  3  to  7  sticks  of  powder,  then  reloaded 
with  25  to  40  sticks  of  dynamite,  running  from  40  to  60 
per  cent  strength.  In  one  of  these  shots,  in  the  forebay, 
30,000  lb.  of  powder  were  used.  An  ingenious  method  of 
connecting  up  the  holes  was  worked  out  to  insure  that 
all  were  exploded.  A  current  of  low  relative  voltage  but 
large  amperage  was  used,  and  the  firing  was  done  with  a 
single   switch. 
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Sullivan  air  tube  rotators  are  employed  for  drilling  large 
boulders,  trimming  up  walls,  etc.  They  will  also  be  used, 
it  is  planned,  for  the  excavation  of  the  wheel  pit.  Sulli- 
van 5-in.  submarine  rock  drills  are  also  in  use,  mounted 
on  towers  for  handling  long  steel,  to  drill  some  of  the 
deep  holes  in  the  rock  section.  It  is  expected  that  the 
broken  nature  of  the  rock  will  necessitate  lining  the  walls 
■with  concrete  below  water  line. 

Campressed  Air  Plants.— The  Sullivan  drills,  as  well  as 
the  channelers.  are  operated  by  compressed  air  at  100  lb. 
pressure,  supplied  from  two  central  multi-unit  compressor 
plants.  One  of  these  is  near  the  Whirlpool,  and  the  other 
at  Montrose,  at  the  river  end  of  the  canal  proper.  The 
first  plant  contains  eight  Sullivan  angle  compound  air  com- 
pressors, size  i0xl2xl4  in.,  with  a  free  air  capacity  of  1.100 
cu.  ft.,  or  about  8,800  ft.  in  all.  At  Montrose  four  similar 
units  are  installed.  These  machines  are  operated  by  short 
belt  drive  from  alternating  current  electric  motors,  and 
are  equipped  with  total  closure  unloading  devices  on  the 
inlet  openings.  An  automatic  relief  valve  is  also  provided 
on  the  high  pressure  cylinder,  which  pumps  out  air  re- 
maining in  the  intercooler  or  high  pressure  cylinder  dur- 
ing no  load  periods,  thus  further  economizing  power. 
Three-pass,  counter  current  intercoolers  are  employed,  and 
provide  high  efficiency.  The  flexible  capacity  afforded  by 
these  two  plants  permits  economical  operation  at  all  load 
factors.  After-coolers  are  in  use,  and  reheaters  will  prob- 
ably be  set  up  near  the  drills  during  the  winter.  The  main 
air  line  is  10  in.  in  diameter. 

Two  Sullivan  drill  sharpeners  of  the  all-hammer  type, 
also  air-operated,  maintain  an  ample  supply  of  sharp  steel 
for  the  rock  and  hammer  drills. 

Muck  Disposal. — Much  of  the  rock  excavated  is  suitable 
for  use  as  aggregate  for  concrete  on  the  linings,  etc.,  and 
for  this  purpose  a  portion  of  it  is  crushed  in  a  250-HP. 
60xS4-in.  Traylor  jaw  crusher.  Along  the  river  section, 
the  spoil  is  dumped  on  the  bank  on  the  head  side  of  the 
cableway.  Along  the  canal,  however,  the  rock  and  earth 
muck  are  loaded  by  the  shovels  into  20-yd.  automatic 
Western  side-dump  cars  of  which  the  commission  owns 
150.  A  large  dumping  area  is  provided  at  St.  David's,  not 
far  from  the  ceiiter  of  the  work,  and  the  spoil  is  hauled 
to  the  dump  on  the  construction  railroad  which  parallels 
the  line  of  the  canal.  This  railroad  is  standard  gage,  and 
double  tracked.  It  will  eventually  total  40  miles  of  sin- 
gle track. 

Incidental  construction  work  on  this  big  enterprise  is 
a  large  item  in  itself.-  including,  as  it  does,  10  concrete 
arch  bridges,  three  of  them  carrying  railroads,  and  a  rein- 
forced concrete  intake  structure,  calling  for  extensive  cof- 
ferdam work  in  the  Niagara  River.  An  elaborate  crushing, 
storage,  conveying  and  concrete  mixing  plant  is  also  a 
feature. 

Sir  Adam  Besk  is  chairman  of  the  Hydro-Electric  Power 
Commission  of  Ontario,  Frederick  A.  Gaby,  chief  engineer, 
and  Henry  G.  Acres,  hydraulic  engineer.  Mr.  J.  B.  Good- 
win is  works  engineer  in  charge  of  construction,  with  G. 
JH.  Angell  as  general  superintendent  and  A.  C.  D.  Blan- 
chard  as  field  engineer,  and  R.  T.  Gent  as  electrical  and 
plant   engineer. 


Placement  of  Army  and  Navy  Technical  Men. — Technical 
men  of  the  Army  and  Navy  released  from  active  service  are 
being  registered  by  the  Professional  Division  of  the  United 
States  Employment  Service,  and  placed  in  touch  with  those 
employers  who  can  best  make  use  of  their  services.  The 
Professional  Division  deals  only  with  those  men  who  are 
well  equipped  by  education  and  experience  in  their  par- 
ticular lines  of  work.  The  record  of  each  man  is  carefully 
investigated  before  registration  is  permitted.  Many  uni- 
versity graduates  in  mechanical,  electrical  and  civil  engi- 
neering, and  in  chemistry,  and  other  technical  men  with 
several  years  of  practical  experience,  have  already  been 
registered.  The  Professional  Division  has  its  New  York 
office  at  16  E.  42d  St.  Employers  seeking  men  are  asked 
to  inform  the  Division  of  the  precise  nature  of  the  posi- 
tions which  they  have  available.  Only  those  men  who  are 
well  qualified  to  fill  such  positions  are  referred  to  the  em- 
ployer. 


President  Wilson  on  the  Railway 
Problem 

In  his  address  to  Congress,  Dec.  2,  President  Wilson 
urged  Congress  to  take  immediate  action  relative  to  the 
railways.     He  said: 

The  question  which  causes  me  the  greatest  concern  is 
the  question  of  the  policy  to  be  adopted  toward  the  rail- 
roads. I  frankly  turn  to  you  for  counsel  upon  it.  I  have 
no  confident  judgment  of  my  own.  1  do  not  see  how  any 
thoughtful  man  can  have  who  knows  anything  of  the  com- 
plexity of  the  problem.  It  is  a  problem  which  must  be 
studied — studied  immediately  and  studied  without  bias  and 
prejudice.  Notning  can  be  gained  by  becoming  partisans  of 
any  particular  plan  of  settlement. 

It  was  necessary  that  the  administration  of  the  railways 
should  be  taken  over  by  the  Government  so  long  as  the 
w-ar  lasted.  ■  It  would  have  been  impossible  otherwise  to 
establish  and  carry  through  under  a  single  direction  the 
necessary  priorities  of  shipments.  It  would  have  been 
impossible  otherwise  to  combine  maximum  production  at 
the  factories  and  mines  and  farms  with  the  maximum 
possible  car  supply  to  take  the  products  to  the  ports  and 
markets;  impossible  to  route  troops  shipments  and  freight 
shipments  without  regard  to  the  advantage  or  disadvan- 
tage of  the  roads  employed;  impossible  to  subordinate, 
when  necessary,  all  questions  of  convenience  to  the  public 
necessity;  impossible  to  give  the  necessary  financial  sup- 
port to  the  roads  from  the  public  treasury.  But  all  these 
necessities  have  now  been  served,  and  the  question  is, 
what  is  best  for  the  railroads  and  for  the  public  in  the 
future. 

The  present  law  does  not  permit  the  use  of  the  revenues 
of  the  several  roads  for  the  execution  of  such  plans  ex- 
cept by  formal  contract  with  their  directors,  some  of  whom 
will  consent,  while  some  will  not.  and  therefore  does  not 
afford  sufficient  authority  to  undertake  improvements  upon 
the  scale  upon  which  it  would  be  necessary  to  undertake 
them.  Every  approach  to  this  difficult,  subject-matter  of 
decision  brings  us  face  to  face,  therefore  with  this  un- 
answered question;  what  is  right  that  we  should  do  with 
the  railroads,  in  the  interest  of  the  public  and  in  fairness 
to  their  owners? 

Let  me  say  at  once  that  I  have  no  answer  ready.  The 
only  thing  that  is  perfectly  clear  to  me  is  that 
it  is  not  fair  either  to  the  public  or  to  the  own- 
ers of  the  railroads  to  leave  the  question  unanswered 
and  that  it  will  presently  become  my  duty  to  relinquish 
control  of  the  roads,  even  before  the  expiration  of  the 
statutory  period,  unless  there  should  appear  some  clear 
prospect  in  the  meantime  of  a  legislation  solution.  Their 
release  would  at  least  produce  one  element  of  a  solution, 
nfmely,  certainty  and  a  quick  stimulation  of  private  in- 
itiative. 

I  believe  that  it  will  be  serviceable  for  me  to  set  forth 
as  explicitly  as  possible  the  alternative  courses  that  lie 
open  to  our  choice.  We  can  simply  release  the  roads  and 
go  back  to  the  old  conditions  of  private  management,  un- 
restricted competition,  and  multiform  regulation  by  both 
state  and  federal  authorities;  or  we  can  go  to  the  opposite 
exfreme  and  establish  complete  Government  control,  ac- 
companied, if  necessary,  by  actual  Government  ownership; 
or  we  can  adopt  an  intermediate  course  of  modified  pri- 
vate control,  under  a  more  unified  and  affirmative  public 
regulation  and  under  such  alterations  of  the  law  as  will 
permit  wasteful  competition  to  be  avoided  and  a  consid- 
erable degree  of  unification  of  administration  to  be  effected, 
as  for  example,  by  regional  corporations  under  which  the 
railways  of  definable  area  would  be  in  effect  combined  in 
single   systems.  ' 

The  one  conclusion  that  I  am  ready  to  state  with  confi- 
dence is  that  it  would  be  a  disservice  alike  to  the  country 
and  to  the  owners  of  the  railroad  to  return  to  the  old  con- 
ditions unmodified.  Those  are  conditions  of  restraint  with- 
out development.  There  is  nothing  affirmative  or  helpful 
about  them.  What  the  country  chiefly  needs  is  that  all 
its  means  of  transportation  should  be  developed,  its  rail- 
ways,  its     waterways,     its    highways,    and   its   countryside 
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roads.  Some  new  element  of  policy,  therefore.  Is  absolutely 
necesBary — necesvary  for  the  service  of  the  public,  neces- 
sary for  the  release  of  credit  to  those  who  are  administer- 
ing the  railways,  necessary  for  the  protection  of  tlieir  se- 
curity holders.  The  old  policy  may  be  changed  much  or 
little,  but  surely  It  cannot  wisely  be  left  as  It  was.  I  hope 
that  the  Congress  will  have  a  complete  and  Impartial  study 
of  the  whole  problem  in.stltuted  at  once  and  prosecuted  as 
rapidly  as  possible.  I  stand  ready  and  anxious  to  release 
the  roads  from  the  present  control  and  I  must  do  so  at 
a  very  early  date  if  by  waiting  until  the  statutory  limit  of 
time  is  reached  I  shall  be  merely  prolonging  the  period  of 
doubt  and  uncertainty  which  is  hurtful  to  every  Interest 
concerned. 


Device  for  Pulling  Drive  Bar  from  Bore  Hole 

When  putting  down  bore  holes  for  blasting  ditches, 
stumps,  boulders  or  other  purposes,  it  is  sometimes  a 
problem   bow    to   get   out    the   drive   bar   after   sledging   it 


Handy    Pulling    Device    Made    From    Pick    Heads. 

down.    The  crude  device  illustrated  has  been  found  to  be  a 
simple  and  practical  expedient. 

It  will  be  nbted  that  It  consists  merely  of  two  ordinary 
railroad  eye  picks.  The  one  In  horizontal  position  affords 
a  very  good  hold  and  leverage  for  pullinK.  If  it  is  an  oc- 
tagonal bar,  It  can  be  turned  or  twisted  by  using  the  hori- 
zontal pick  as  a  handle.  If  man  power  Is  not  sufficient  to 
pull  or  twist  the  bar  out,  one  can  use  a  hammer  on  the 
under  side  of  the  horizontal  pick  and  drive  it  out,  for 
the  pick  In  vertical  po.sltlon  ■will  hold  the  other  one  in 
place  so  firmly  that  It  will  stand  either  pulling,  driving  or 
hammering. 


Bill  Before  Congress  for  $20,000,000  Canal  In  New  Jersey. 
A  bill  has  been  Introduced  in  Congress  to  authorize  the 
War  Department  to  construct  the  proposed  New  Jersey  link 
of  the  intercoastal  canal.  The  total  cost  of  the  project 
would  be  $20,000,000,  the  bill  provides,  and  the  Initial  ap- 
propriation called  for  Is  $1,000,000. 


Today's  Railroad  Problem 

lly  TMi-:ui)<MtK    I'.  SIlU.NT.s'. 
I'reHldcnt,  Interborough  Rapid  Traiwlt  Company. 

The  purpose  of  the  following  observations  is  simply  to 
express  a  point  of  view  on  today's  Railroad  Problem  In  the 
light  of  certain  general  principles. 

President  Wilson  has  stated  frankly  that  he  has  no  def- 
inite solution  of  the  problem,  and  has  left  It  to  Congress. 
We  may  assume,  I  think,  that  he  also  hopes  for  full  expres- 
sion of  views  from  the  people. 

I  do  not  approach  this  problem  as  a  banker  or  as  a  trustee 
for  railroad  Investments.  If  I  did,  my  chief  concern  would 
necessarily  be  to  safeguard  the  trusts  committed  to  my  care. 

As  a  citizen,  however,  with  many  years  of  experience  In 
railroading  and  with  a  special  experience  In  a  plan  of  work- 
ing with  municipal  government  in  transportation  problems 
along  lines  which  may  offer  a  suggestion,  I  shall  try  to  sum- 
marize the  railroad  situation  as  I  see  it. 

I  agree  heartily  with  President  Rea,  of  the  Pennsylvania, 
that  we  must  take  government  control  as  now  in  effect  as 
a  fact— and  let  that  be  our  point  of  departure.  And  we 
must  agree  that  the  present  system  of  operation  has  In  it 
certain  merits  which  must  never  be  sacrificed.  Most  of 
them  are  merits  that  may  exist  under  either  private  or  gov- 
ernment ownership  and  operation.  Most  of  them.  Indeed, 
embody  reforms  for  which  railroad  officers  have  clamored 
these  many  years. 

First,  and  foremost,  the  Sherman  law  is  out  of  business. 
He  was  tossed  out  of  the  window  by  .Mr.  Fairfax  Harrison 
and  the  Railroad  War  Board  as  soon  as  war  was  declared; 
but  President  Wilson  and  .Mr.  McAdoo  chloroformed  and 
embalmed  him  on  the  28th  of  last  December. 

Let  us  briefly  suggest  the  other  obvious  blessings  of  the 
present  regime: 

1.  The  pooling  of  equipment  and  terminals. 

2.  The  elimination  of  unnecessary  trains  and  duplicated 
service. 

3.  The  more  economical  loading  and  routing  of  freight. 

4.  The  unification  of  passenger  ticket  offices. 

o.  The  elimination  of  the  frills  of  the  business,  such  as 
observation  cars  for  which  no  adequate  fare  was  paid,  etc. 

6.  The  frank  recognition  of  the  necessity  on  the  part  of 
government,  which  adds  to  the  expenses  of  operation,  to  find 
the  increased  rates  and  fares  with  which  to  pay  those  ex- 
penses:  and. 

7.  The  assertion  of  the  right  of  the  Federal  Government 
to  control  the  railroad  situation  as  a  whole  in  the  national 
Interest,  in  spite  of  conflicting  state  laws  and  obstructive 
state  commissions. 

These  are  great  gains,  and  it  is  the  duty  of  every  railroad 
man  to  see  to  It  that  they  are  brought  clearly  to  public  at- 
tention. We  must  face  the  fact  very  frankly  that  the  de- 
cision of  this  momentous  issue  is  absolutely  In  the  hands  of 
the  public.     The  public  must  take  one  of  two  broad  policies. 

It  may  prove  profitable  to  sum  up  the  factors  constituting 
the  two  horns  of  the  dilemma,  one  of  which  our  nation  must 
choose  as  its  ultimate  policy. 

As  one  with  practical  railroad  experience  and  as  an  ob- 
server of  government  operation  throughout  the  world.  I  am 
convinced  that  the  most  economical  operation  can  be  at- 
tained under  private  ownership.  And  the  gains  we  have 
obtained  from  government  operation  can  all  be  retained 
under  private  ownership. 

The  great  fact  about  government  operation  is  the  inevi- 
table tendency  toward  extravagance  and  inefficiency.  If  the 
deficit  from  operations  can  always  he  made  up  out  of  taxa- 
tion, if  there  Is  to  be  no  reward  for  economy  and  fore- 
thought, it  Is  impossible  to  expect  careful  watchfulness  over 
expenditures. 

The  supreme  test  which  we  In  this  country  must  apply  to 
our  plan  of  dealing  with  this  whole  question  must  be  this: 
which  plan  will  provide  the  necessary  transportation  at  the 
lowest  possible  cost? 

This  means  that  we  must  not  alone  make  the  best  and 
most  economical  use  of  existing  facilities,  but  we  must  pro- 
vide the  new  facilities  needed  for  the  future  development 
of  our  country. 
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We  cannot  here  view  the  question  as  one  might  in  England 
or  France,  where  the  necessary  railroads  are  already  built. 

How  are  we  to  develop  our  existing  roads,  and  how  are 
we  to  build  our  new  railroads?  The  heart  of  the  problem  is 
this:  Shall  it  be  by  the  log-rolling  and  pork-barrel  meth- 
ods under  which  we  have  developed  our  post  offices,  our 
rivers  and  our  harbors,  or  shall  it  be  by  offering  reasonable 
reward  to  those  who  by  prudent  forethought  and  initiative 
exert  their  imaginations  and  spend  their  money  in  devel- 
oping the  country? 

As  citizens,  we  cannot  consider  the  railroads  being  re- 
turned to  private  owners  merely  for  the  reason  that  imme- 
diate return  would  redound  to  the  benefit  of  large  holders 
of  the  securities  in  some  of  the  companies. 

Any  plan  of  returning  these  properties  to  private  owners 
must  contemplate  three  general  propositions: 

1.  That  a  fair  return  may  be  paid  upon  existing  invest- 
ment. 

3.  That  railroads  must  compete  for  capital  in  the  money 
properties  to  attract  the  necessary  capital  with  which  to 
develop   existing  lines  and   to  build  new  lines;    and 

3.  That  rainlroads  must  compete  for  capital  in  the  money 
markets  of  the  world,  and  must,  by  the  same  token,  pay  for 
that  capital  with  some  regard  to  the  risk. 

It  has  been  suggested  that  the  nation  might  adopt  some 
such  course  with  reference  to  railroads  as  is  employed  by 
New  York  City  in  its  contracts  with  the  subway  and  ele- 
vated. The  cardinal  point  in  those  relations  is  that  the  city 
provides  a  large  portion  of  the  capital,  but  agrees  that  a 
fair  return  upon  the  private  capital  employed  shall  be 
earned  and  paid  before  the  city's  investment  gets  its  return. 
After  both  sides  have  earned  a  fair  return,  the  remaining 
profits  are  to  be  divided  equally. 

Such  a  plan  is  advantageous  where  there  is  an  assured 
traific.  But  there  is  grave  question  whether  that  plan  would 
have  resulted  In  such  daring  statesmanship  as  was  embodied 
in  the  building  of  the  Great  Northern  by  Mr.  Hill,  the  cut- 
ting across  Salt  Lake  by  Mr.  Harriman.  the  building  of  the 
N.  Y.,  P.  &  N.  by  Mr.  Cassatt.  or  the  construction  of  the 
Florida  East  Coast  by  Mr.  Flagler. 

The  cardinal  thought  is  this:  that  if  we  are  to  escape 
not  only  the  bureaucracy,  extravagance,  and  dead-level  of 
Government  ownership  and  operation,  but  also  the  political 
risk  involved  in  the  creation  of  a  new  and  gigantic  class  of 
Government  employees,  we  must  be  willing  that  some  men 
who  exercise  energy,  daring  and  prudence  shall  receive 
some  fair  measure  of  reward  for  their  effort.  In  other  words, 
we  must  recognize  that  it  is  no  crime  to  make  money  in 
railroad  building,  if  the  money  is  made  honestly  and  fairly. 

If  this  principle  is  not  to  be  recognized,  the  money  for 
future  railroad  development  simply  cannot  be  obtained  un- 
der private  ownership.  To  return  the  properties  to  their 
present  owners  without  recognition  of  that  principle  simply 
means  that  the  tendencies  of  a  year  ago  will  be  revived — 
and  inevitable  bankruptcy  or  government  ownership  will 
again  stare  the  railroads  in  the  face. 

If  this  principle  of  permitting  capital  to  earn  sufficient 
reward  to  attract  the  means  for  normal  future  railroad  de- 
velopment is  recognized,  my  observation  is  that  the  princi- 
ple will  be  made  concrete  in  some  such  form  as  the  follow- 
ing: 

1.  A  plan  of  government  regulation  which  will  be  scientific 
and  not  political;  which  will  apply  the  same  point  of  view 
to  approving  rates  as  to  approving  the  chemical  composition 
of  a  steel  rail. 

2.  Concentration  in  the  regulating  authority  which  adds 
to  the  expenses  of  the  roads  of  responsibility  for  the  rates 
with  which  those  expenses  must  be  met. 

3.  Provision  that  initiation  of  rates  shall  be  in  the  hands 
of  the  carriers;  that  rates  may  not  be  suspended,  except 
upon  complaint  and  after  a  hearing,  and  that  final  decision 
must  be  made  within  sixty  days. 

4.  Establishment  by  Congress  itself  of  the  fundamental 
principles  to  govern  the  reasonableness  of  rates,  such  prin- 
ciples to  include  fair  reward  for  excellence  of  service,  effi- 
ciency of  management,  and  prudent  foresight,  in  providing 
new  facilities  against  future  needs. 

If  these  four  principles  could  be  embodied  into  law,  it 
seems  to  me  that  the  public  would  gain  immense  advantage 


by  the  promptest  possible  return  of  the  properties  to  their 
owners.  I  do  not  urge  for  one  moment  that  the  old  days  of 
unrestricted  operation  shall  be  restored.  Regulation,  with 
full  publicity,  has.  I  believe,  come  to  stay. 

But  there  is  no  use  in  blinking  our  eyes  to  the  stern  facts. 
If  the  railroads  are  not  permitted  to  earn  sufficient  money 
to  attract  new  capital,  and  if  the  risks  of  the  business  are 
not  to  be  met  with  adequate  reward  to  those  who  take 
them,  there  is  no  use  of  again  trying  the  experiment  of  pri- 
vate ownership.     It  will  be  doomed  to  failure. 

The  great  danger  to  the  public  interest  in  the  present 
immediate  situation  is  that  the  owners  of  existing  railroad 
securities  (that  is.  those  having  most  at  stake),  and  the 
agitators  and  theorists  (that  is,  those  having  least  at  stake), 
may  come  to  such  agreement  in  opinion  that  they  would 
jointly  become  militant  in  favoring  a  continuance  of  the 
present  plan  of  government  control.  That  would  mean  that 
the  great  interests  of  the  public  at  large  would  suffer 
through  lack  of  appreciation  and  understanding. 

We  must  frankly  recognize  that  here  is  a  case,  not  for 
courts,  for  commissions,  or,  indeed,  for  government.  The 
people  will  and  should  decide  this  issue,  and  the  greatest 
service  railroad  men  can  perform  is  to  see  to  it  that  the 
American  people  understand  clearly  the  momentous  issues 
involved.  If  the  case  is  put  clearly  before  the  people.  I, 
for  one,  have  perfect  confidence  that  their  decision  will  be 
the  same  as  that  of  every  railroad  executive  who  is  seeking 
to  preserve  and  promote  the  welfare  and  prosperity  of  our 
common  country. 


The  Cost  Plus  Contract 

The  next  great  lesson  to  which  I  urgently  direct  your 
attention  is  that  bearing  upon  the  relationship  between 
the  contractor  and  the  owner.  Experience  is  now  the  law. 
No  contractor  should  be  called  upon  nor  permitted  to  un- 
dertake the  performance  of  any  contract  that  within  the 
tour  corners  of  the  paper  upon  which  it  appears,  is,  or  may 
be  written,  the  financial  bankruptcy  of  the  contractor.  It 
is  unjust,  it  is  inequitable,  it  is  uneconomic.  The  great 
lesson  of  this  war  on  the  subject  of  the  relationship  between 
the  contractor  and  the  owner  is  the  cost  plus  contract. 
This  represents  the  only  equitable  basis  under  which  a 
contractor  may  perform  constructive  and  economic  serv- 
ices for  the  owner.  It  is  the  only  form  of  contract  which 
affords  protection  to  both  parties.  To  me  all  of  the  ener- 
gies, the  thought,  and  the  experience  of  this  country  within 
its  own  continental  lines  during  the  past  year  and  one- 
half  of  this  world  struggle  shall  have  been  in  vain  unless 
out  of  it  shall  grow,  as  a  permanent  institution,  solidifying 
the  economic  relationship  between  the  contractor  and  the 
owner,  the  cost-plus  contract. — Brig.  Gen.  R.  C.  Marshall, 
Chief  of  Construction  Division,  U.  S.  War  Department,  in 
address  at  first  annual  convention  of  Associated  General 
Contractors  of  America. 


$60,000,000  of  Rapid  Transit  Work  in  New  York  City  May 
Be  Done  in  1918. — The  Public  Service  Commission  for  the 
First  District  has  asked  the  Board  of  Estimate  and  Ap- 
portionment of  New  York  City  to  make  the  necessary  au- 
thorizations, so  that  the  work  of  constructing  the  Dual 
System  of  Rapid  Transit  can  go  forward  unabated  and  the 
system  now  more  than  two-thirds  done  and  with  many  of 
the  lines  in  operation,  brought  to  completion.  This  course 
is  advocated  by  the  Commission  in  the  belief  that  the  in- 
crease in  taxable  values  and  in  the  comfort  of  the  travel- 
ing public  more  than  warrant  the  projected  outlay.  So  far 
the  Board  of  Estimate  has  not  acted  favorably  upon  the 
Commission's  requisition,  and  further  representations  of 
the  importance  and  need  of  the  work  will  be  advanced  by 
the  Commission  in  the  near  future.  The  Commission  be- 
lieves that  $60,000,000  of  rapid  transit  work  can  be  done 
next  year.  Of  this  amount  $25,000,000  is  represented  by 
contracts  not  yet  let.  There  is  yet  to  be  completed  about 
$20,000,000  in  $80,000,000  of  contracts  in  force.  Besides 
these  two  classes  of  work,  the  Interborough  Rapid  Transit 
Co.  and  the  New  York  Municipal  Railway  Corporation  will 
have  to  spend  several  million  dollars  additional  for  equip- 
ment, third  rail,  etc. 
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Precautions    to    Be    Observed    in 

Quarry  Blasting  with 

Electricity 

The  fi)ll(>wing  suf;(!ostlons  on  llrliig  blasts  by  electricity 
are  taken   from   the   December  I)u   I'ont   Magazine. 

Be  sure  that  all  the  electric  blasting  caps  are  in  first- 
class  condition  and  of  the  same  make,  before  inserting 
them  in  the  charge.  Use  waterproof  caps  in  water,  and 
submarine  caps  In  water  over  30  ft.  deep. 

Be  sure  that  each  blasting  cap  is  properly  Inserted  Into 
the  primer  cartridge  and  that  It  is  securely  tied  so  that  It 
will  not  be  pulled  out. 

It  Is  best  to  place  the  primer  in  the  charge  so  that  the 
closed  end  of  the  cap  points  toward  the  center  of  the  charge. 

Use  care  In  loading  the  holes  to  prevent  breaking  the 
wires  or  scraping  off  the  insulation.  Test  frequently  with 
the  galvanometer  in   loading  large  charges. 

After  the  hole  is  loaded,  coll  up  the  protruding  wires  and 
cover  with  dry  sacking  or  paper  or  dry  earth  to  protect 
from  abrasion  and  from  lighting.  Place  an  empty  powder 
box  over  the  loaded  hole  if  it  Is  to  remain  for  any  length 
of   time. 

Never  load  dynamite  or  exploders  into  a  hole  during  a 
lightning  and  thunder  storm.  Refrain  from  loading  an  easily 
Ignited  explosive  where  sparks  are  flying  from  any  source. 
Keep  all  unnecessary  persons  away  while  loading,  connect- 
ing and  firing  blast. 

Before  connecting  the  holes  remove  all  debris  adjacent 
to  them. 

In  connecting  up  the  holes  use  care  to  insure  proper  con- 
nection, make  good,  tight  electrical  joints,  cut  out  extra 
wire,  and  do  not  hurry  the  work  but  take  time  to  do  it 
properly. 

If  the  ground  is  damp  either  raise  the  joints  or  tape  them 
well,  to  prevent  short  circuits  or  grounds. 

The  leading  wires  used  from  the  source  of  power  to  the 
end  holes  should  be  a  well  insulated  copper  wire  about  14 
gauge  or  equivalent  to  that.  Try  to  place  these  so  that 
they  will  not  be  injured  by  the  blast  and  they  can  be  used 
a  great   many  times. 

Test  each  circuit  with  the  galvonometer  to  make  sure 
that  it  has  approximately  the  correct  resistance  as  shown 
in  the  table  of  resistances  furnished  with  this  instrument. 

Test  the  source  of  power  with  the  rheostat,  using  two 
exploders  connected  in  series  as  indicators,  to  make  sure 
that  enough  current  will  be  furnished  for  the  blast. 

If  a  blasting  machine  is  to  be  used  be  sure  that  all  the 
exploders  are  connected  in  one  series  and  that  the  number 
is  not  beyond  its  actual  working  capacity. 

In  operating  the  blasting  machine  do  so  with  full  force 
to  insure  the  development  of  its  capacity  current.  Always 
operate  the  machine  two  or  three  times  before  making  the 
blast  to  be  sure  fliat  it  is  working  smoothly  and  to  develop 
a  little  residual  magnetism  in  the  field  coils. 

When  blasting  from  a  power  circuit  it  is  best  to  have  a 
two-blade  switch  which  can  be  thrown  in  for  a  few  seconds 
and  then  pulled  out.  Count  to  five  or  ten  while  the  switch 
Is  In.  Place  this  switch  so  that  gravity  will  cause  It  to 
stay  open.  This  switch  should  be  in  a  lock  box  so  that  the 
switch  can  be  locked  open  with  the  keys  in  the  possession 
of  the  blaster. 

When  using  dry  cells  they  should  be  in  a  lock  box  or  in 
the  possession  of  the  blaster  who  can  personally  make  sure 
that  the  wires  are  not  touching  the  cells. 

When  a  three-post  blasting  machine  is  used,  be  sure  to 
connect  one  wire  to  the  center  post  when  two  wires  are 
used.  When  three  wires  are  used,  connect  center  post  to 
middle  of  series  and  do  not  make  connection  directly  over  a 
hole. 


Logan  Waller  Page 

Logan  Waller  I'utu-.  iMrccicir  ii(  tin-  Hurrau  of  Public 
Uoads,  I'nited  States  Department  ui  Agriculture,  died  sud- 
denly of  heart  disease  in  Chirago  on  Dec.  9.  Mr.  Page  was 
attending  a  session  of  the  American  Association  of  State 
Highway  Onicials.  He  became  ill  sl^rtly  after  dinner  and 
retired  to  his  room,  where  he  expired  soon  afterward. 

Mr.  F'age  was  a  pioneer  in  highway  work,  his  first  activi- 
ties being  in  .Massachusetts,  He  was  the  inventor  of  a 
number  of  machines  used  in  highway  improvement  work. 
He  was  one  of  the  founders  of  the  Odlce  of  Public  Roads, 
and  was  one  of  the  most  active  workers  In  the  country  for 
good  roads,  having  much  to  do  with  the  inauguration  of  the 
motor  parcel  post  service. 

.Mr.  Page  gave  much  assistance  to  members  of  Congress 
in  the  preparation  of  the  federal  aid  mad  act.  the  passage 


Britain's  Railways  to  Be  Nationalized.^In  a  speech  Dec 
4.  Winston  Sjiencer  Churchill.  Minister  of  Munitions  of 
Great  Britain,  announced  that  the  Government  had  decided 
to  nationalize  the  British  railways. 


Logan   Waller   Page. 

of  which  In  1916.  Since  the  passage  of  the  act,  which 
provides  for  federal  and  state  co-operation  In  highway 
building,  Mr.  Page  worked  with  the  state  highway  depart- 
ments in  planning  and  executing  work,  and  also  advised 
state  legislatures  In  the  preparation  of  measures  to  enable 
federal  co-oi)eraiion. 

The  United  States  Highways  Council,  which  was  formed 
during  the  war  to  coordinate  the  activities  of  the  various 
federal  agencies  dealing  with  road  matters,  was  headed  by 
Mr.  Page  as  chairman.  He  was  a  president  of  the  American 
Highway  Association,  a  director  of  the  American  Road 
Builders'  Association,  a  member,  representing  the  I'nited 
States  government,  of  the  International  Road  Congress  and 
a  member  of  the  American  Society  of  Civil  Engineers. 

Mr.  Page  became  connected  with  the  Department  of  Agri- 
culture In  1900,  where  he  served  in  various  capacities 
until  July  1.  1905.  when  he  became  Director  of  the  Office  of 
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Public  Roads,  which,  in  1915,  became  the  Office  of  Public 
Roads  and  Rural  Engineering,  and,  in  1918,  the  Bureau  of 
Public   Roads. 

Mr.  Page  was  born  at  Richmond.  Va.,  January  10,  1870. 
He  studied  at  Virginia  Polytechnic  Institute  and  Harvard 
■University  and  the  School  of  Bridges  and  Roads  of  France. 
He  served  the  State  ^f  Massachusetts  as  a  geologist  and 
testing  engineer  previous  to  his  connection  with  the  fed- 
eral government.  He  was  the  author  of  a  number  of  publi- 
cations on  road  construction  and  related  subjects. 


Considerations  in  Selecting  Com- 
pressor for  Air  Plant* 

By  LEE  A.  KNIGHTS. 

In  selecting  an  air  compressor  for  a  new  mine,  quarry 
or  contract',  the  first  consideration  is  naturally  to  deter- 
mine what  machines  or  tools  and  how  many  are  to  be  oper- 
ated by  the  air  power. 

Practically  all  handbo^Jcs  on  compressed  air,  and  many 
manufacturers'  catalogs,  have  for  many  years  contained 
tables  purporting  to  show  the  air  consumption  of  a  num- 
ber of  different  drills  of  various  sizes.  It  is  obvious  that 
a  table  cannot  be  prepared  that  will  be  correct  for  all  con- 
ditions, as  for  instance;  if  eight  drills  were  working  in  two 
headings  of  a  tunnel  it  is  probable  that  all  of  them  would 
be  working  at  the  same  time  and  would,  therefore,  require 
eight  times  the  amount  of  air  that  a  single  drill  would. 
If,  on  the  other  hand,  eight  drills  were  scattered  around 
over  an  excavation  to  be  used  for  putting  in  "pop"  holes, 
it  is  extremely  unlikely  that  over  five  or  six  would  ever 
be  working  at  the  same  time,  so  a  compressor  supplying 
five  or  six  times  enough  air  for  one  drill  would  be  ample  to 
take  care  of  the  entire  eight. 

A  little  reflection  will  show  that  the  only  factors  that 
need  to  be  seriously  considered  in  estimating  the  require- 
ments to  take  care  of  a  number  of  drills,  are  the  air  con- 
sumption of  each  drill  and  the  greatest  number  of  drills 
that  will  be  operated  at  one  time.  If  the  air  receivers  are 
of  exceptionally  large  capacity  they  may  be  counted  on  to 
assist  materially  in  carrying  the  peak  load,  but  under  the 
majority  of  conditions,  the  receiver  capacity  may  be  dis- 
regarded, as  receivers  are  usually  only  large  enough  to 
equalize  the  fluctuations  in  pressure  due  to  the  pulsation  of 
the  compressor,  and  serve  merely  as  equalizers  and  not  as 
storage  reservoirs. 

In  comparatively  large  installations,  by  which  is  meant 
those  of  twenty  or  more  drills,  the  compressor  capacity  may 
be  estimated  from  the  probable  average  reciprocating  time 
of  the  drill.  For  instance,  if  fifty  drills  are  to  he  installed 
and  it  is  expected  that  each  one  will  be  actually  running  75 
per  cent  of  the  time,  the  air  required  will  be  75  per  cent 
of  the  amount  of  air  one  drill  takes,  multiplied  by  50.  This 
method  of  estimating  should  only  be  used  for  comparatively 
large  installations.  For  instance,  if  two  drills  are  to  be 
installed,  which  will  probably  run  75  per  cent  of  the  time, 
it.  is,  of  course,  necessary  to  furnish  compressor  capacity 
enough  for  the  two  instead  of  one  and  one-half:  since  both 
would  be  working  at  the  same  time.  This  method  of  esti- 
mating should  never  be  used  unless  the  probable  lost  time 
of  ;he  drills  is  equal  to  at  least  one  drill.  That  is.  To  per 
cent  of  2  equals  1%;  75  per  tent  of  3  equals  2%:  75  per 
cent  of  4  equals  3.  Therefore  we  could  expect  only  three 
drills  out  of  four  to  be  working  on  the  last  mentioned  in- 
stallation and  could,  therefore,  plan  on  compressor  ca- 
pacity enough  for  three  drills.  We  cannot,  however,  as- 
sume 214  out  of  3.  as  it  is  evident  that  either  two  or  three 
drills  will  be  working  and  so  it  would  be  necessary  to  have 
enough  air  to  run  the  entire  three. 

Other  Air  Uses. — In  addition  to  the  actual  requirements 
of  the  drills  or  other  main  installation  of  machinery,  a  lib- 
eral allowance  should  be  made  for  use  in  other  machines 
such  as  pumps,  motors  and  forges;  and  also  for  leakage. 
It  is  folly  to  attempt  to  discourage  the  legitimate  use  of 
compressed  air.  for  this  is  a  very  economical  and  efficient 
method  of  transmitting  power  and  accomplishing  certain 
results,  but  great  emphasis  should  be  placed  on  the  unnec- 
essary waste  of  it,  especially  by  leakage. 


Losses  from  Leakage. — Very  few  people  fully  realize  the 
losses  due  to  leakage  of  compressed  air.  A  hole  1/16-inch 
in  diameter  will  cause  a  loss  of  about  6  cu.  ft.  of  free  air 
per  minute  at  100  lb.  pressure.  A  %-in.  hole  will  allow  a 
loss  of  over  25  cu.  ft.  per  minute,  or  enough  to  run  a  small 
tool.  A  i/4-in.  hole  will  allow  over  100  cu.  ft.  per  minute 
to  escape,  or  enough  to  run  a  modern  rotating  hand  hammer 
drill  or  a  stopper.  It  is  seldom  that  the  leakage  from  a 
14-in.  hole  would  go  unnoticed,  but  a  multitude  of  smaller 
leaks  are  frequently  allowed,  which  reduce  the  total  effi- 
ciency of  the  installation  to  an  almost  unbelievable  extent. 

It  is  only  necessary  to  run  the  compressor  through  the 
noon  hour,  or  at  some  other  time  when  no  machines  are 
working,  to  see  just  how  many  revolutions  the  compressor 
has  to  make  to  take  care  of  leakage  alone,  since  at  that 
time  no  effective  work  is  being  done.  If  it  requires  50 
revolutions  of  the  compressor  per  minute  to  keep  up  the 
pressure  with  no  machines  running,  it  is  evident  that  if  the 
compressor  is  normally  running  at  200  revolutions  per 
minute,  only  150  of  .the  revolutions  are  furnishing  air  for 
efficient  use,  and  the  other  50  are  merely  taking  care  of 
the  leakage.  Unfortunately,  this  test  is  very  likely  to 
leave  one  with  a  rather  unsatisfactory  opinion  of  the  plant; 
but  it  serves  the  useful  purpose  of  impressing  one  with  the 
necessity  of  making  a  liberal  allowance  for  leakage  in  fu- 
ture installations,  and  still  more  important,  makes  it  easy 
to  keep  leakage  at  the  minimum,  by  checking  up  on  this 
loss  from  time  to  time,  as  machines  are  added  and  pipe 
lines   extended. 

The  same  considerations,  of  course,  apply  to  cutting 
shed,  foundry  or  shop  air  power  plants. 


'Prom    December   Mine   and    Quarry. 


Broader  Vision  for  the  Engineer 

As  a  class  engineers  have  been  extremely  modest  in  their 
relations  with  business  and  public  affairs.  This  has  been 
a  natural  condition  largely  due  to  the  education  and  train- 
ing which  they  have  received.  The  education  has  been 
along  rather  narrow  and  restricted  lines  of  scientific  work, 
leaving  out  almost  entirely  the  broader  studies  of  literature, 
common  law,  economics,  business  methods  and  the  human- 
ities. After  graduation  there  is  usually  not  much  oppor- 
tunity for  broadening  out,  for  it  is  necessary  for  a  man,  if 
he  expects  to  keep  abreast  with  the  development  of  his 
profession,  to  spend  nearly  all  of  his  surplus  energy  in 
reading  and  studying  along  the  very  lines  which  he  fol- 
lowed in  school. 

Notwithstanding  this,  it  is  wise  to  carry  along  a  course  of 
reading  on  broadening  subjects  and  to  have  an  interest  in 
affairs  which  are  wholly  outside  the  scientific  line  of  study, 
and  to  be  identified  with  engineering  and  scientific  societies 
in  order  to  get  the  broadest  outlook  of  life  possible.  It  is 
for  this  reason,  in  order  to  get  a  broader  aspect  of  life  and 
acquire  a  taste  for  wider  reading  and  study,  that  it  is  of 
advantage  for  a  young  man  who  is  to  follow  some  scientific 
pursuit  to  take  an  academic  course  before  he  takes  his 
scientific  course.  ( 

I  realize  the  impracticability  for  many  men  to  spend  so 
much  time  at  considerable  expense  in  preparation  for  their 
life  work,  but  it  is  almost  essential  that  a  man  should  very 
early  in  his  career  acquire  some  knowledge  of  business 
principles  and  should  endeavor  to  broaden  himself  so  as 
to  be  able  to  fill  with  fair  satisfaction  the  position  that 
properly  belongs  to  him  in  his  profession  and  in  the  world. 

It  should  be  the  aim  of  the  engineer  to  render  the  best 
possible  service  considered  in  a  broad  sense.  It  should  be 
based  on  facts  and  not  theories  or  suppositions,  and  upon 
scientific  laws,  which  it  properly  applied  will  give  satisfac- 
tory results.  Nothing  should  be  taken  for  granted,  and  the 
work  or  statements  of  others  should  be  carefully  checked 
before  being  adopted. 

The  success  of  the  man  will  depend  upon  his  ability  to 
produce  results  in  an  expeditious  manner,  which  shall  be 
accurate,  and  in  which  good  judgment  has  been  used,  so 
that  the  finished  product,  if  it  be  a  physical  structure,  will 
be  adapted  to  the  use  to  which  it  is  to  be  put  and  shall  have 

•Extracts  from  the  Presidential  address  of  Charles  T.  Main, 
pressented  at  the  annual  meeting  of  the  American  Society  of 
Mechanical  Engineers,  Dec.  3  to  6,  1918. 
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been  accuiiiplUhed  at  a  reasonablo  expenditure.  If  It  be 
a  plan  fur  action  it  tutiall  be  liear  and  concise  and  adaptable 
to  the  purpose  for   wliicli  it   is  intended. 

He  should  be  able  lo  understand  men  and  to  Itnow  them. 
He  should  be  willing  to  share  his  Itnowledge  with  his  fel- 
low engineers  and  Inasmuch  as  he  will  do  this  through  the 
Society,  or  other  similar  means,  his  interests  and  outlook 
will  broaden  and  the  return  to  liiin  wllf  be  multiplied.  In- 
tegrity and  perseverance  in  work  and  business  and  fair- 
ness and  justice  to  all  will  in  the  lung  run  count  for  more 
than  brilliancy  in  attainments.  Withal  he  must  have  a 
good  stock  of  imagination  and  judgment,  which  is  sonn' 
ttxiies  called  "horse  sense"  in  the  application  of  funda 
mental  principles  to  every  day  problems. 

The  true  success  of  a  man  Is  not  measured  by  the  ac 
cumulation  of  money,  hut  by  the  success  of  accompiisli- 
nient  of  work  which  adds  something  to  the  general  good 
for  mankind  and  for  the  advancement  of  the  profession. 


An  Easily  Portable  Shovel,  Strong  Enough 
for  Hard  Digging 

Extreme  light  weight  and  traveling  ability,  combined  with 
real  digging  ability,  are  features  of  the  Type  "A"  -/j  cu.  yd. 
Erie  shovel,  which  has  just  been  placed  upon  the  market 
by  the  Ball  Engine  Vo..  Erie.  Pa.  The  shovel  weighs  lo 
tons.  It  has  two  traveling  speeds:  1  to  2  miles  per  hour 
on  low  and  2  to  3  miles  per  hour  on  high.  It  is  steered  by 
power.  The  shovel  is  equipped  with  a  dipper  of  %-yd.  ca- 
pacity. The  entire  machine  is  designed  and  built  to  oper- 
ate its  ^yd.  dipper  in  hard  material,  without  undue  strain 
on  any  part.  The  "A"  Erie  is  rated  to  excavate  30  to  40 
cu.  yd.  per  hour  in  deep  cuts,  and  15  to  25  cu.  yd.  per  hour 
in  shallow  cuts.  These  rated  capacities  have  been  exceeded 
over  and  over  again,  when  conditions  have  been  favorable 
to  larger  yardage.  The  attainable  working  speed  of  the 
"A"  Erie  is  3  to  6  dippers  of  material  per  minute,  although 
the  average  speed  under  actual  working  conditions  is  usu- 
ally 1  to  3  dippers  per  minute.  It  makes  a  cut  28  ft.  4  in. 
wide  on  floor  level,  or  46  ft.  4  in.  wide  at  8  ft.  above  floor 
level.  The  width  of  cuts  and  height  of  dump,  as  given,  are 
based  upon  the  boom  being  set  at  the  usual  angle  of  47».2 


Type   A    Erie    Shovel    Owned    by    Schreler    Bros.,    Buffalo,    N.    Y.. 

Excavating    a    Cellar    and    Loading    Wagons    Standing 

on    11-ft.    Bank. 

with  the  horizontal.  The  height  of  dump  can  be  Increased 
beyond  13  ft.,  as  high  as  IG  ft.  5  in.,  by  raising  the  boom. 
The  manufacture  of  "A"  Eries  has  Just  been  placed  upon 
a  production  basis,  but  the  "A"  is  not  a  new  machine.  The 
first  one  that  was  built  has  now  seen  IS  months  of  very 
strenuous  service.  The  total  repair  expense  of  the  shovel 
in  this  period  is    stated  to  have  been  only  $20. 


(^ofTerdani   liuilt  .Vroimd    Prow  of  \'essel 
Enables  Making  of  Repairs  at  Pier 

An  Ingenious  method  of  repairing  a  ship  Is  described  In 
a  recent  i.'^sue  of  the  Etr.ergency  Fleet  News.  Some  weeks 
ago  a  6O00-ton  ship  was  turned  over  to  the  Todd  Shipyard 
Corporation  for  repairs  at  one  of  its  dry  docks.  The  vessel 
wa.-^  taken  over  from  an  Atlantic  port,  where,  in  a  violent 
collision   with   another  Tessel,   its  bow   had  been   smashed 


6,0(»-Ton    Vessel    With    Coflerdam. 

in  as  far  as  12  ft.  back,  while  the  vertical  dimension  of  the 
injury  was  about  30  ft. 

With  the  aid  of  divers,  temporary  repairs  of  timber  and 
cement  were  made,  so  that  the  ship  could  sail  along  the 
coast  to  reach  the  port.  Upon  her  arrival  at  New  York, 
a  dilllcully  arose  in  obtaining  drydocking  space.  The  fol- 
lowing method  of  surmounting  the  difficulty  was  employed. 

The  vessel  was  placed  In  drydock,  and  within  about  3^ 
days  a  wood  cofferdam  was  constructed  at  her  bow.  After 
this  construction  was  securely  sealed,  the  vessel  was 
taken  off  the  drydock  and  placed  at  one  of  the  piers,  where 
the  work  of  repiiiring  the  entire  bow  was  curried  out.  As  a 
result  the  drydock,  which  otherwise  would  have  been  occu- 
pied several  weeks  possibly  on  this  one  job.  could  be  used 
for  the  relief  of  many  other  vessels. 


November  Output  of  American  Shipyards  Breaks  Record. 
— The  output  of  American  shipyards  during  November  was 
171  vessels  of  357.6f)ii  gross  tons,  officially  numbered  by 
the  Bureau  of  Navigation.  Commerce  Department,  includ- 
ing a  small  tonnage  built  for  F'rance.  This  total  exceeds 
that  of  October  by  128  tons  and  is,  of  course,  the  largest 
on  record.  Of  the  November  sen-going  ships.  60  with 
a  total  gross  tonnage  of  227,293,  were  steel  and  5&  of  121,- 
746  gross  tons  were  wood.  The  non-seagoing  .ships  number 
56.  with  an  aggregate  gross  tonnage  of  8.621.  which  In- 
cludes one  concrete  vessel  of  11  gross  tons. 
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Production  and  Cost  of  Crushed  Trap 
Rock  in  1917 

The  well-known  group  of  road-buUding  rocks  which  in- 
cludes basalt,  diabase,  and  some  other  dark  igneous  rocks 
that  are  very  similar  in  mineral  composition  and  physical 
properties  furnished  9  per  cent  of  the  value  of  all  the 
stone  produced  in  the  United  States  in  1917,  according  to 
statistics  compiled  under  the  direction  of  G.  F.  Loughlin  of 
the  U.  S.  Geological  Survey.  The  total  value  of  the  basalt 
produced  in  1917  was  $7,570,885,'  which  is  $95,412  or  1.2 
per  cent  less  than  that  in  1916,  and  the  value  in  1916  de- 
clined 10  per  cent  ($822,925)  from  that  in  1915.  The  quan- 
tity of  this  stone  produced  decreased  from  10,233,640  short 
tons  in  1916  to  8,852,640  short  tons  in  1917,  a  decrease  of 
14  per  cent.  The  sales  of  the  8,067,582  short  tons  of 
crushed  stone  valued  at  $6,600,957,  classified  according  to 
use,  were  divided  as  follows:  Road  metal,  3,751,396  short 
tons,  valued  at  $3,124,088;  concrete  3,296,711  short  tons, 
valued  at  $2,654,410;  railroad  ballast  1,019.475  short  tons, 
valued  at  $822,459.  There  was  a  decrease  of  940,792  short 
tons  (10  per  cent)  in  total  quantity,  but  a  small  increase, 
$61,949  (1  per  cent),  in  the  total  value  of  crushed  basalt 
and  related  rocks  in  1917.  The  average  price  per  ton  in 
1917  was  82  ct.,  9  ct.  more  than  in  1916.  Road  metal 
showed  the  largest  decrease  in  quantity,  516,604  tons  (12 
per  cent).  The  quantity  of  concrete  decreased  341.705 
short  tons  (9  per  cent).  The  value  of  road  metal,  how- 
ever, decreased  $68,536  (2  per  cent),  and  that  of  concrete 
increased  $69,346  (3  per  cent).  Railroad  ballast  decreased 
in  quantity  82.483  short  tons  (7  per  cent)  and  increased 
in  value  $61,139   (8  per  cent). 


Wage  Cases  of  Railway  Technical  Engi- 
neers May  Receive  Special  Treatment 

On  Nov.  20,  Alfred  D.  Flinn,  secretary  of  the  Engineering 
Council,  called  the  attention  of  the  Director  General  of 
Railroads  to  the  fact  that  the  schedules  on  "Wages  of  Rail- 
road Employes"  and  the  supplements  thereto  contained  no 
mention  of  the  men  performing  engineering  services  for  the 
railroads.  Mr.  Flinn  suggested  that  all  technical  engineers 
be  given  suitable  separate  classification  with  rates  of  com- 
pensation in  accord  with  their  duties  and  the  expense  to 
which  they  have  been  put  for  their  education  and  their 
training  in  preparation  for  their  present  duties  and  re- 
sponsibilities.. In  reply  to  Mr.  Flinn's  communication  G.  H. 
Sines,   chairman,   stated: 

This  matter  was  taken  up  with  the  Director  General  and  this 
board  has  been  advised  that  where  such  positions  as  engineers, 
assistant  engineers,  draftsmen  and  other  men  of  technical  train- 
ing or  experience  employed  on  the  staff  of  the  chief  engineer  of 
the  Valuation  Department  or  the  general  staff  of  the  Mechanical 
Department  are  not  reached  by  the  operation  of  Supplements 
Nos.  7  and  8  to  General  Order  No.  27,  their  cases  should  receive 
special  treatment  at  the  hands  of  the  Federal  Managers. 

If  any  of  the  employees  in  the  service  of  railroads  under 
federal  control  in  whom  you  may  be  interested  feel  that  the 
provisions  of  wage  orders  affecting  their  positions  are  not  being 
properly  applied  it  is  suggested  that  they  take  their  cases  up 
with  the  Division  of  Labor  in  accordance  with  the  provisions 
of  Circular  No.  3. 

Drainage    Congress  Asks   Billion   Dollar    Appropriation. — 

The  National  Drainage  Congress  which  met  Dec.  13  and 
14  at  Chicago,  adopted  resolutions  favoring  the  appropria- 
tion of  $1,000,000,000  by  the  Government  for  public  works 
of  drainage,  irrigation  and  flood  protection.  Resolutions 
also  -were  adopted  asking  the  immediate  appointment  by 
the  President  of  a  waterways  commission  of  seven,  three 
of  which  should  be  civilian  engineers,  and  the  creation  of 
a  national  department  of  public  work,  with  a  cabinet  officer 
at  its  head. 

News  Letter 

St.  Louis  Items. 

H    H    Hanankratt  has  a  coal  stripping  iob  at  Versailles.  Mo. 
E.'  J.  Scott  is  increasing  his  forces  at  his  coal  mine  near  Du- 

''"sfnce  the  death  of  Charles  Eby.  Seth  Eby  has  taken  charge 
of   the  outfit.     Frank   Cox   is   bossing. 
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The  Chrisman  Construction  Co.,  Chrisman.  111.,  have  several 
miles  of  tile  laying  near  Hoopston,   111.,    to  sublet. 

Joe  Vorst  of  St.  Genevieve,  Mo.,  has  seven  teams  that  he 
wants   to  place  on  a  grading  job  in   this  neighlKirhood. 

-A..  Waddell  is  moving  his  outfit  from  Morris,  111.,  on  to  a  piece 
of  Missouri,  Kansas  &  Texas  R.  R.  work  in  southern  Kansas. 

J.  M.  White  finished  his  grading  job  in  northern  Illinois  and 
moved  his  team  outfit  on  to  some  new  work  in  southern  Kansa.^ 

Columbus  S.  Jones,  the  boss  stationman,  is  out  on  the  road 
looking  over  his  various  jobs  on  the  Rock  Island  and  M.,  K.  & 
T,  R.  R.  ■ 

A.  L.  Cook  had  quite  a  time  with  the  "flu"  at  his  home  in 
Ottawa,  Kans.  We  are  pleased  to  announce  that  he  is  up  and 
around    again. 

Contractors  when  in  want  of  work  or  labor  for  their  outfits 
write  Koenig's  Labor  Agency,  612  Walnut  St.,  St.  Louis,  Mo.,  or 
503    Delaware    St.,    Kansas    City,    Mo. 

The  labor  market  has  been  easier  in  St.  Louis  the  past  two 
weeks  than  at  any  time  in  two  years.  Plenty  of  labor  here  now 
for  all  jobs.     Most  of  the  men  heading  south. 

Mulvill  Bros,  of  Alton.  111.,  have  sublet  four  miles  of  their 
Wood  River  drainage  job  to  Smith  Bros,  and  two  mil£s  to  R.  W. 
W  illiams  of  TaylorviUe,  111.  The  balance  of  the  work  they  are 
going  to  do  with  their  own  outfit. 

The  Terminal  Railroad  Association  is  constructing  three  new 
buirdings  for  the  Davis  Commissary  &  Supply  Co.  in  their  Madi- 
son, 111.,  yards.  When  completed  they  are  going  to  be  the 
finest  and  most  up  to  date  boarding  houses  in  the  country  for 
track  and  yard  laborers.  These  houses  will  accommodate  two 
hundred  and  fifty  men. 

The  St.  Clair  County  Board  of  Supervisors  in  its  meeting 
Dec.  7  authorized  its  Road  and  Bridge  Committee  to  award 
contracts  for  the  paving  of  the  roadway  between  Belleville  and 
Freeburg.  III.  The  roadway,  seven  miles  in  length,  is  part  of 
the  state-aid  road  system  of  St.  Clair  County,  as  approved  bv 
the  State  Highway  Commission.  All  grading,  widening  and 
bridge  construction  has  long  been  completed  preimratory  to 
permanent  paving.  The  county  two  years  ago  voted  a  $200,000 
bond  issue  to  pay  its  portion  toward  state-aid  roads  in  the 
county. 

The  Boat.  Boiler  &  Tank  Co.  of  St.  Louis  has  been  awarded' 
a  $700,000  contract  by  the  Inland  Navigation  Co.  for  the  remod- 
eling of  three  steel  barges  for  trans-Atlantic  service  of  the 
French  government.  Philip  A.  Rohan,  president  of  the  firm, 
was  otiicially  advised  on  Dec.  13  by  telegram  from  New  York. 
Work  will  begin  about  Jan.  1  at  Marceau  street  and  the  river 
front  on  the  arrival  from  New  Orleans  of  the  craft.  The  barges 
were  built  for  cjver  service  and  were  bought  from  the  naviga- 
tion company  by  the  French  government.  They  will  be  com- 
pletely overhaviled  and  refitted  with  new  machinery.  The  work 
is  expected  to  require  a  year.  When  completed  the  craft  will 
be  floated  to  New  Orleans  ready  for  their  maiden  ocean  trip. 

A.   B.    KOENIG. 


Personals 

J.  Henry  Neal,  vice  president  of  the  Boston  Elevated  Ry., 
has  been  elected  president   to  succeed  Matthew  C.   Brush. 

C.  N.  Bainbridge  has  been  appointed  engineer  of  design  of 
the  Chicago,  Milwaukee  &  St.  Paul  R.  R.,  with  headquarters  in 
Chicago,  vice  H.   C.  Lothholz,  resigned. 

T.  J.  Wyche,  chief  engineer  of  the  Western  Pacific  R.  R.,  has 
resigned  his  connection  with  the  federal  administration  of  the 
road,  but  remains  with  the  Western  Pacific  Corporation,  and,  it 
is  understood,  will  act  in  an  advisory  capacity  for  the  federal 
administration. 

A.  W.  Haddow,  acting  city  engineer  of  Edmonton,  Canada, 
has  been  appointed  to  take  the  professorship  of  civil  and 
municipal  engineering  at  the  University  of  Alberta,  succeeding 
the  late  Prof.  W.  Muir  Edwards.  He  will  commence  his  duties  on 
the  opening  of  the  institution.  Mr.  Haddow  is  a  graduate  of 
Queen's  University,  Kingston,  taking  the  degree  of  B.Sc.  in  en- 
gineering in  1909.  J 

Charles  D.  Emmons,  heretofore  second  vice  president  and  gen- 
eral manager  of  the  Boston  &  Worcester  Street  Ry.  Co.,  has 
been  appointed  general  manager  of  the  Boston  Electric  Ry.  Mr. 
Emmons  is  a  civil  engineer.  For  9  years  he  was  in  the  en- 
gineering department  of  the  Pennsylvania  R.  R.  and  entered 
the  electric  field  in  1901  as  superintendent  of  the  Lafayette  Street 
Ry.     He  also  managed  successfully  other  Western  roads. 

Frederick  Pearson,  who  for  the  past  15  years  has  been  as- 
sociated with  Marshall  Field  &  Co..  as  advisory  engineer,  in  the 
development  of  its  various  manufacturing  and  merchandising 
enterprises  in  Chicago  and  elsewhere,  has  entered  the  practice 
of  consulting  engineer,  with  offices  at  Suite  941,  Marshall  Field 
Annex  Bldg..  25  East  Washington  St..  Chicago.  He  will  con- 
tinue as  advisory  engineer  to  the  above  firm,  in  addition  to 
other  interests  engaging  his  service.  His  practice  will  be  re- 
stricted to  advice  and  consultation  in  all  branches  of  electrical, 
mechanical  and  chemical  engir 


Obituaries 

Hale  Roberts,  president  of  the  Ellsworth  Crushed  Stone  Co.,  of 
Iowa  Falls,  la.,  died  Dec.   5.  aged  59. 

John  J.  Cannon,  chief  civil  engineer  for  the  Guerber  Engineer- 
ing Co..  Bethlehem,  Pa.,  died  Dec.  8,  aged  71. 

Frank  Brumbaugh,  secretary-treasurer  and  manager  of  the 
Elkhart  Bridge  &  Iron  Co.  of  Elkhart,  Ind.,  was  killed  in  auto- 
mobile collision   Dec.   S. 

Minor  Q.  Woodward,  manager  of  the  Pine  Bluff,  Ark.,  Com- 
pany, owners  and  operators  of  the  street  car  line,  water  works 
end"  electric  light  plant,   died  Dec.   8,   aged  27. 

Charles  W.  GIndele,  71  years  old.  president  of  the  Charles  W. 
Gindele  Co.,  building  contractors,  Chicago,  died  recently.  Mr. 
Gindele  had  been  president  of  the  Builders'  Club,  the  Builders' 
and  Traders'  Exchange  and  the  Building  Construction  Employers' 
Association.  .  ,.    ,      ^   ^_        t,t     ^     ■      . 

Albert  James  Hills,  civil  engineer,  died  at  New  W^estminstor, 
B  C  on  Nov.  26.  at  the  age  of  82  years.  He  was  born  in 
Sydney  N.  S.,  in  1836,  and  came  to  British  Columbia  In  1880 
when  the  C  P.  R.  R  was  building  from  Yale  He  had  a 
Dominion-wide  reputation  as  a  civil  engineer  in  railway  building 
and  in  geological  research. 
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Roads  and  Streets — Ist  Wednesday 

la)    Roads  ic)    Street   Cleaning 

(b)    Streets  (dl    .Municipal    Miscellanies 

Waterworks  and  Hydraulics — 2nd  Wednesday 

ia>    Waterworks  <c>    Irrigation     and    Dralna 

.bi    Sewers  and  SanI-  idl    Power 


tatio 


Railways  and  Govt.  Works — 3rd  Wednesday 

<a>    Excavation      and  (cj    Harbors    and    Docks 

Dredging 
>b)    Rivera  and  Canals        (d)    Railway    Construction 

Buildings  and  Structures — 4th  Wednesday 

(a)    Buildings  Cc)    Ship   Construction 

lb)    Bridges  (d)    Miscellaneous    Structures 
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E.  &  C.  Index  Furnished  Only  on 
Request 

Hillierto  it  has  been  customary  to  send  the  inde.\  of  our 
artiole.s  to  every  subscriber.  In  order  to  conserve  paper 
the  inde.\  for  the  six  months  ending  Dec.  31  will  be  sent 
only  to  subscribers  who  send  a  postal  card  or  letter  request 
ing  a  copy  of  the  index.'  We  will  then  list  your  name  so 
that  you  will  receive  the  index  twice  each  yc.ir  without  the 
necessity  of  writing  us.  It  will  assist  us  if  those  desiring 
the  index  will  notify  us  at  once. 


Who  Is  a  Structural  Engineer? 

The  Illinois  Structural  Kiigineers'  .Xssociation  has  asKcil 
the  editor's  assistance  in  framing  a  definition  of  Structural 
Kngineer.    The  first  step  involves  defining  engineering. 

.\n  editorial  entitled  "Who  Is  an  Engineer?"  appeaml 
in  our  issue  of  Dec.  4,  and  we  there  gave  the  following 
answer:  ,\n  engineer  is  ona  whose  vocation  is  the  sys- 
tematic study  of  science  and  the  application  thereof  to 
problems   of   economic   production. 

In  this  definition  the  word  "production"  is  to  be  used 
in  its  broadest  economic  sense.  It  even  includes  the 
effects  produced  by  the  military  engineer:  for  while  mili- 
tary engineering  has  for  its  ultimate  object  the  defeat  of 
an  enemy,  the  attainment  of  that  object  is  best  assured 
by  the  application  of  science  In  an  economic  manner. 

What  is  a  structure?  The  following  definitions  are  given 
In  the  leading  .Vmerlean  dictionaries: 


Structure :  That  which  Is  built  or  constructed :  an  edifice  or 
building  of  any  kind ;  In  the  widest  sense,  any  production  or 
piece  of  work  artificially  built  up.  or  composed  of  parts  Joined 
together  In  some  definite  manner. — The  Century  Dictionary. 

Structure :  A  combination  of  related  parts,  as  a  machine,  a 
building,  or  a  bridge. — The  Standard  Dictionary. 

Structure :  Something  constructed  or  built,  as  a  building,  a 
<iam,  a  bridge :  especially  a  building  of  some  size,  an  edifice. — 
Webster's   Dictionary. 

None  of  these  definitions  will  meet  the  approval  of 
structural  engineers.  A  structural  engineer  does  not  ordi- 
narily design  machinery,  yet  the  Standard  Dictionary  defi- 
nition specifically  includes  a  machine,  and  the  other  two 
definitions  do  not  exclude   machines   from   structures. 

"\  piece  of  work  artificially  built  up  or  composed  of 
parts  joined  together  in  some  definite  manner"  is  a  defini- 
tion that  seems  to  include  all  engineering  structures,  but 
it  also  includes  things  that  no  engineer  would  characterize 
as  a  structure.  A  lady's  hat  would  fall  within  this 
definition. 

Before  considering  both  what  must  be  included  and  ex- 
cluded from  a  specification  of  the  word  "structure,"  let 
us  examine  three  definitions  of  Structural  Engineering, 
each  to  be  found  under  the  head  of  Engineering: 

Structural  cnKlneerlng  Includes  the  design  and  erection  of  nio<l- 
crn  large  structures. — Webster's  Dictionary. 

Structural  engineering,  the  designing  and  erection  of  large 
buildings,  great  bridges,  and  the  like,  especially  those  of  steel. — 
The  Standard  Dictionary. 

Structural  engineering,  the  construction  of  brldg^,  aqueducts, 
foundations,  steel  frames  for  buildings,  etc. — Prof.  George  F. 
Swnin  In  Encyclopedia  Americana. 

Prof.    Swain's   definition    Is   defective   in   that   It   merely 


(109) 


582 


EX(;iXEERING   AND    CONTRACTING 


\'ol.  50,  No.  26. 


names  a  few  types  of  structures  and  ends  with  an  "etc." 
that  lesves  full  scope  to  the  imagination — it  does  not 
specify.  The  other  two  definitions  specifiy  "large"  struc- 
tures. But  what  is  large?  And  why  limit  structural  engi- 
neering to  large  projects?  None  of  the  three  detinitions 
excludes  contractors   that  are  not   engineers. 

At  the  outset  it  should  be  recognized  that  every  definition 
of  structural  engineering  must  be  somewhat  arbitrary. 

The  structural  designer  is  necessarily  an  adept  in  the 
science  o£  strains  and  stresses  as  applied  to  framed  works, 
such  as  buildings  and  truss  bridges:  but  his  vocation  does 
not  limit  him  to  framed  structures.  He  may  be  called 
upon  to  design  a  concrete  arch  bridge,  or  a  masonry  retain- 
ing wall,  neither  of  which  is  "framed,"  in  the  ordinary 
meaning  of  the  word.  Yet  in  designing  either  a  concrete 
arch  or  a  retaining  wall,  the  scien-;e  of  strains  and  stresses 
must  be  applied.  Indeed,  we  can  not  think  of  any  class 
of  structural  engineering  design  that  does  not  involve 
extensive  application  of  the  science  of  strains  and  stresses, 
whereas  that  science  plays  a  relatively  minor  part  in 
many  other  branches  of  civil  engineering.  Therefore,  it 
seems  desirable  to  give  prominence  to  the  application  of 
t^.e  science  of  elastic  deformation  of  solids  as  one  of  the 
functions  of  the  structural  engineer.  The  word  structure 
must  be  given  a  rather  arbitrary  significance  if  we  are 
to  exclude  from  structural  engineering  all  kinds  of  work 
that  fall  within  other  classes  of  engineering.  We  must 
exclude  earth  dikes  and  reservoir  embankments,  sewers  and 
water  mains,  for  such  "structures"  are  usually  designed 
by  hydraulic  engineers.  We  must  exclude  engines,  boilers, 
electric  generators,  electric  transmission  lines,  and  many 
other  "structures."  because  they  are  usually  designed  by 
mechanical  and  electrical  engineers.  In  fact,  such  a  great 
variety  of  "structures"  must  be  excluded  that  it  becomes  a 
hopeless  task  to  specify  in  general  terms  that  are  nof  too 
general    just    what    a    structural    engineering    structure    is. 

Any  attempt  to  define  a  structural  engineer,ing  structure 
by  merely  enumerating  the  types  of  structures,  such  as 
buildings,  bridges,  etc..  Is  not  only  unscientific  hut  subject 
to  change  as  new  types  come  to  be  regarded  as  structural 
engineering   structures. 

A  broad  definition  may  be  framed  thus: 

A  structural  engineer  is  an  engineer  who  specializes  in 
the  application  of  the  science  of  strains  and  stresses  and  in 
the  economic  use  of  labor  and  materials  incident  thereto. 

In  defense  of  this  definition  it  can  be  said  that  while  it 
does  not  draw  a  sharply  defined  line  between  structural 
engineers  and  other  engineers,  there  is,  in  fact,  no  sharp 
line  of  demarkation.  Also  it  may  be  pointed  out  that  no 
otber  class  of  engineers  specializes  in  strains  and  stresses 
and  the  economic  problems  associated  therewith.  The 
hydraulic  engineer,  for  example,  should  understand  the 
rrinciples  of  elastic  deformation,  the  strengths  of  materials, 
etc..  but  he  certainly  need  not  be  as  deeply  learned  in 
■these  matters  as  is  the  structural  engineer:  and,  conversely, 
the  structural  engineer  need  not  be  as  skilled  in  the 
theory  and  economics  in  hydraulics  as  is  the  hydraulic 
engineer. 

A  structural  engineer  is  primarily  an  engineer,  or  one 
who  systematically  applies  science  in  an  economic  manner; 
but  his  specialty  is  the  design  and  construction  of  those 
types  of  structures  in  which  a  knowledge  of  strains  and 
stresses  and  the  properties  of  materials  is  of  paramount 
importance. 


The 


Present  and  Prospective 
Shortage  of  Ships 


The  world's  total  losses  of  merchant  vessels  during  the 
war  have  been  15,000,000  gross  tons,  but  during  the  same 
period  11.000,000  tons  have  been  constructed,  leaving  a  net 
loss  of  4.000,000.  At  the  rate  that  America  and  Great 
Britain  are  building  ships,  fully  4.000.000  tons  of  new  ship,-- 
will  be  built  before  the  middle  of  next  summer,  notwith- 
standing the  fact  that  our  Shipping  Board  has  canceled 
all  contracts  for  wooden  ships  that  are  less  than  30  per 
cent  finished. 

About  2,400,000  tons  of  merchant  vessels  belonging  to 
Germany    and    Austria   had   been    sei?pd    hy    their   enemies 


before  Nov.  11,  so  that  the  allied  nations  are  not  so  short  of 
shipping  tonnage  as  is  generally  supposed.  It  has  been  held 
Lhat  in  calculating  the  present  shortage  the  normal  annual 
increase  of  tonnage  during  peace  times  should  be  included. 
But  such  an  inclusion  would  he  erroneous,  for  it  tacitly  in- 
volves the  erroneous  assumption  that  foreign  trade  has 
grown  at  the  same  rate  during  the  war  as  it  would  have 
grown  had  there  been  no  war. 

Of  course  there  may  now  come  a  great  expansion  of  in- 
ternational trade,  and  at  such  a  rate  as  to  absorb  all  the 
new  ships  that  are  being  built.  While  this  is  to  be  hoped, 
it   is  exceedingly  doubtful  whether  it  will   be   realized. 

Bell    Telephone    Engineers    An- 
nounce   Great    Invention    the 
Same  Day  that  Daniels  and 
Burleson  Ask  Govern- 
ment Ownership 

On  the  twelfth  of  December,  Theodore  N.  Vail,  presi- 
dent of  the  Bell  telephone  system,  made  public  the  fact 
that  the  Bell  telephone  engineers  have  perfected  a  system 
of  multiplex  telephony  whereby  five  telephone  conversa- 
tions can  take  place  simultaneously,  or  40  telegraph 
messages  may  be  simultaneously  sent  over  a  pair  of  wires, 
and  the  same  wires  may  be  used  partly  for  telephony  and 
partly  for  telegraphy.  He  truly  says  that,  "It  is  not  too 
much  to  characterize  this  new  system  as  marking  an 
epoch  in  the  development  of  long  distance  telephony  and 
telegraphy." 

On  the  same  day.  Secretary  of  the  Navy  Daniels  ap- 
peared before  a  congressional  committee  to  urge  Govern- 
ment ownership  of  all  wireless  telegraph  stations,  and 
a  bill  was  also  introduced  in  Congress  providing  for  fed- 
era!  ownership  of  all  telephone  and  telegraph  systems. 
We  wonder  how  many  readers  of  these  events  were  struck 
by  their  incongruity.  If  some  one  were  to  propose  that 
Luther  Burbank's  nurseries  and  experimental  farms  be 
taken  from  him  and  handed  over  to  the  U.  S.  Department 
of  Agriculture,  it  would  be  almost  on  a  par  with  the  prop- 
osition to  deprive  the  Marconi  engineers  of  their  wire- 
less plant  and  the  Bell  telephone  engineers  of  their  tele- 
phone system. 

In  our  issue  of  Nov.  29,  1916,  we  published  an  article 
entitled,  "Inventing  an  Inventor,"  in  which  appeared  a 
photograph  of  the  "composite  genius"  that  made  possible 
the  transmission  of  speech  across  the  American  continent. 
This  "composite  genius"  was  a  corps  of  25  engineers  of 
the  American  Telephone  and  Telegraph  Co.  (the  Bell  sys- 
tem). In  that  article  it  was  told  how  every  Government  in 
Europe  had  failed  to  solve  the  problem  that  these  Amer- 
ican engineers  of  a  "private  company"  had  solved.  We 
now  record  an  even  greater  triumph  by  these  same  Bell 
telephone  engineers,  for  multiplex  telephony  has  long  been 
regarded  by  electrical  engineers  as  the  final  great  step 
remaining  to  be  taken  before  really  low  priced  long  dis- 
tance conversation  would  be  practicable.  When  one  con- 
siders the  great  investment  in  a  pair  of  copper  wires  ex- 
tending from  New  York  to  San  Francisco,  and  realizes  that 
tip  to  the  present  only  one  conversation  could  take  place 
over  such  a  pair  of  wires  at  a  time,  one  needs  not  wonder 
that  the  rate  of  charge  for  their  use  for  three  minutes  has 
been  about  $20. 

What  no  Government  staff  of  engineers  in  Europe  has 
been  able  to  do,  these  engineers  of  the  Bell  telephone 
company  have  twice  done:  First,  when  they  made  really 
long  distance  telephony  possible.  Second,  when  they  made 
it  relatively  cheap,  as  they  have  now  done  by  their  in- 
vention of  multiplex  telephony  and  telegraphy.  Yet  upon 
the  very  day  of  their  public  triumph  governmental  action 
is  proposed  by  which  all  telephone  and  telegraph  systems. 
whether  wire  or  wireless,  are  to  be  taken  away  from  their 
inventors  and  promoters  and  handed  over  to  the  Govern- 
ment! 

Of  course  it  wUl  be  said  that  the  Government  can  hire 
these  engineer  inventors;  but  wouldn't  it  be  well  to  as- 
certain how  many  men  of  such  ability  our  Government  has 
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ever  hired?  How  m:iny  noteworthy  inventions  have  been 
made  by  men  In  the  employ  of  thla  or  any  other  Govern- 
ment? Is  our  great  postal  department  noted  for  the  In- 
ventiveness of  Its  engineers?  Indeed,  has  it  any  enKlnners 
in  Its  omploy?  We  have  never  heard  of  them,  either  In- 
dividually or  collectively,  if  there  are  such.  Yet  the  con- 
veyinK  of  mall  offers  countless  opportunities  for  engineer- 
ing  a<'hievemont.  Even  the  determination  of  the  unit  costs 
of  the  diffen-nt  classes  of  mall  service  Is  a  problem  for 
rate  engineers,  but  no  postmaster  has  yet  recognized  thi.s 
fact,  -ind  every  postmaster  has  consequently  been  de- 
ceived by  unsclenlilic  and  grossly  false  analyses  of  the 
costs  of  the  different  classes  of  mail. 

Of  the  Inventions  of  submarines,  airplanes,  explosives, 
new  types  of  guns  and  all  the  vast  variety  of  war  engines, 
how  many  are  attributable  to  engineers  In  the  employ  of 
our  Government?  Next  to  none,  an. I  when  a  Col-  Lewis 
has  come  along  with  a  really  meritorious  device,  such  as 
a  machine  gun.  he  has  had  to  go  to  a  private  company  to 
get  It  manufactured. 

No.  the  bald  fact  is  that  in  this  great  inventive  nation. 
the  inventive  engineers  have  rarely  Iieen  employed  by  the 
Government;  and  when  they  have  been  employed  it  has 
seldom  been  for  long.  This  Government  is  no  exception. 
There  Is  a  universal  inclination  among  all  governments 
not  only  to  let  well  enough  alone  but  to  hold  out  so  lit- 
tle reward  for  the  exercise  of  inventive  ability  that  no 
government  engineering  corps  has  ever  yet  recorded  a 
single  inventive  achievement  comparable  with  the  inven- 
tion of  multiplex  telephony. 

Yet  there  are  millions  of  men  so  myopic  of  vision  that 
they  favor  turning  over  to  our  Government  all  our  plants 
for  the  electric  conveyance  of  intelligence.  If  no  further 
progress  were  likely,  it  might  possibly  be  wise  to  hand 
over  these  plants  to  the  Government.  But  the  keenest 
engineers  are  certain  that  economic  progress  in  telephony 
and  telegraphy  need  never  cease,  and  never  will  cease  if 
these  plants  are  allowed  to  remain  in  the  hands  of  pri- 
vate companies.  Secretary  Daniels'  argument  that  the 
Government  must  own  the  wireless  plants  is  specious,  for 
complete  control  can  be  retained  by  the  Government  and 
complete  monopoly  granted  to  a  wireless  company  with- 
out going  to  the  deadening  extreme  of  Government  own- 
ership. 


The  Prevention  of  Influenza 

About  I'll  |)i'r  fi-nr  of  the  soldier;-  in  .American  train- 
ing camps  have  had  the  influenza  during  the  epidemic, 
and  of  those  who  had  it  about  5  per  cent  died,  the  total 
number  of  deaths  being  17,000.  During  the  same  period 
about  350,000  civilians  have  died;  but  had  the  same  death 
rate  existed  throughout  America  as  in  the  army  camps, 
more  than  a  million  people  would  have  died.  If  any  proof 
were  needed  that  respiratory  diseases  are  more  prevalent 
where  people  are  congregated,  these  data  furnish  the 
proof. 

San  Francisco  has  apparently  demonstrated  that  the 
universal  wearihg  of  gauze  masks  reduces  the  number  of 
Influenza  cases  very  greatly;  for  prior  to  the  use  of  masks 
there  were  2,300  new  cases  daily,  and  within  six  days  after 
the  general  use  of  masks  the  number  of  new  cases  daily 
had  dropped  to  300. 

The  preventive  vaccine  developed  by  the  Mayo  Hospital 
at  Rochester,  Minn.,  has  been  used  In  20.000  cases,  and  has 
greatly  reduced  the  danger  of  infection:  for  by  comiiari- 
son  with  fiii.iHio  unvaecinated  people  In  the  same  localities, 
it  has  been  shown  that  only  one-tenth  as  many  influenza 
cases  per  1,000  people  occurred  among  those  who  were 
vaccinated  as  among  those  who  were  not  vaccinated. 


Annual  Convention  of  Michigan  Engineering  Society. — 
The  Michigan  Eniilneering  Society  will  hold  Its  annual 
convention  at  Flint.  Mich.,  .Ian.  21-23.  \Vm.  \V.  Cox,  508 
W.   Madison   street.   Lansing,   Midi..   Is   the   secretary. 

(1 


Is  a  Five- Year  Test  of  Government 

Operation  of  Railways 

Necessary? 

\\illiam  (!.  McAdoo.  Director  i;.-ii.rul  of  Hallways,  has 
recommended  Government  management  of  the  railway.s  for 
a  period  of  five  years  In  order  to  determine  whether  "uni- 
fied control"  under  Government  direction  is  to  be  preferred 
to  private   management   without  uniflcation.   He  says: 

"The  American  people  have  a  right  to  this  test.  They 
should  not  be  denied  It.  It  Is  to  their  Interest  that  it  should 
be  done.  In  my  opinion.  It  is  the  only  practicable  and  rea- 
sonable method  of  determining  the  right  solution  of  tbi.s 
grave  economic   problem. 

"I  am  not  now  and  have  not  been  for  the  past  year  In- 
terested In  proving  or  disproving  the  theory  of  Govern- 
ment ownership  or  any  other  kind  of  theory.  I  believe 
that  a  five-year  test  will  give  the  American  people  the 
right  answer.  An  ounce  of  experience  is  worth  a  ton  of 
theory. 

"There  are  those  who  may  say  that  an  extension  of  five 
years  for  such  a  test  will  mean  Government  ownership. 
Personally,  I  do  not  believe  it.  But  whether  such  a  test 
would  indicate  that  the  ultimate  solution  shall  be  Gov- 
ernment ownership  or  a  modified  form  of  private  owner- 
ship under  effective  Federal  regulation,  should  not  cau.se 
us  to  hesitate  or  refuse  to  act  " 

-  We  concur  heartily  in  the  statement  that  "An  ounce  of 
experience  is  worth  a  ton  of  theory."  it  by  "theory"  is 
meant  deductive  conclusions  from  premises  that  are  de- 
batable. But  we  question  whether  the  5-year  test  pro- 
posed by  Mr.  McAdoo  is  sufficient  to  prove  more  than  Is 
already  known  Certainly  no  5-year  test  of  this  sort  will 
-utlice  to  demonstrate  whether  Government  management 
is   conducive   to  progress   or  not. 

The  proposed  5-year  test  would  unquestionably  pile  up 
more  evidence  in  favor  of  eliminating  competition  be- 
tween railway  systems,  but  nearly  every  student  of  eco- 
nomics has  long  believed  that  such  competition  should  be 
done  away  with.  We  believe  that  not  only  railway  presi- 
dents and  directors  but  political  economists  and  engineers 
would  be  almost  unanimous  in  recommending  a  contin- 
uance of  "unified  control"  of  American  railways,  provided 
an  equitable  distribution  of  net  earnings  could  be  agreed 
upon.  In  short,  competent  judges  of  the  economic  advan- 
tage of  "unified  control"  of  railways  already  have  suffi- 
cient data  to  be  convinced  that  no  further  test  is  neces- 
sary. 

The  really  Important  question  Is  the  question  of  Gov- 
ernment ownership,  and  this  is  not  to  be  answered  cor- 
rectly by  any  5-year  test  of  Government  control.  It  is 
conceivable  that  the  proposed  5-year  test  will  show  favor- 
able costs  of  operating  the  railways  and  that  the  service 
to  the  public  will  be  satisfactory.  But  what  It  will  not 
show  will  be  whether  private  ownership  Is  superior  to  pub- 
lic ownership  In  securing  constant  economic  progress  in 
railway  construction  and  operation  over  a  long  term  of 
years.  It  will  require  a  test  extending  over  a  period  of 
15  to  20  years  or  more  to  answer  this  question.  Fortu- 
nately America  need  not  Incur  the  expense  of  any  such 
test  nor  wait  such  a  length  of  time  for  an  answer.  The 
test  has  been  made  for  us  by  several  European  govern- 
ments, notably  Germany.  France  and  Italy.  .AH  that  re- 
mains for  us  to  do  Is  send  to  Europe  a  commission  of  com- 
petent engineers  to  gather  and  analyze  the  data. 

It  has  been  frequently  stated  by  many  Americans  that 
the  Government  owned  railways  of  Europe  have  been  very 
slow  to  evolve  or  even  to  adopt  Improvements,  and  that 
they  are  fully  30  years  behind  .-Vmerlcan  railways.  If  so, 
this  would  seem  to  be  a  very  effective  answer  to  the  ques- 
tion of  Government  ownership  of  railways.  But  there  are 
many  who  doubt  the  superior  efficiency  of  American  rail- 
ways and  there  always  will  be  doubters  until  carefully 
analyzed  data  are  available- 

In  our  Issue  of  Dec.  18  we  pointed  out  that  the  problem 
here  Involved  Is  primarily  a  problem  in  economics,  and 
that  engineers  are  the  only  economists  whose  training  is 
such  as  III  insure  a  curriMt  suhiilun  cf  the  problems.    Pro- 
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fessors  of  political  economy  lack  practical  experience  in 
applying  the  principles  of  economies,  whereas  engineers 
are  constantly  engaged  not  only  in  the  application  of  all 
the  fundamental  principles  but  in  gathering  the  necessary 
data.  The  superiority  of  this  practical  experience  is  well 
illustrated  in  the  literature  on  railway  and  public  utility 
appraisals,  operating  costs  and  rate  making.  Almost  all 
this  literature,  which  is  now  very  voluminous,  has  been 
written  by  engineers.  The  professors  of  political  economy 
have  done  little  more  than  rehash  it  in  their  articles  rela- 
tive to  public  utility  and  railway  rates.  So  far  as  we 
know,  not  a  single  new  idea  as  to  methods  of  prorating 
joint  costs,  calculating  depreciation,  determining  the  eco- 
nomic life  of  plant  units,  cost  analysis,  unit  cost  keeping, 
scientific  rate  schedules,  or  the  like,  has  come  from  any 
professor  of  political  economy.  It  has  all  been  the  work 
of  engineers.  Even  the  science  of  management,  which  is 
the  newest  branch  of  economics,  was  originated  by  engi- 
neers and  its  development  is  mainly  in  their  hands. 

Mr.  McAdoo  is  sound  in  asking  for  data  with  which  to 
prove  or  disprove  the  wisdom  of  Government  ownership, 
but  he  evidently  does  not  realize  that  the  data  are  se- 
curable  without  the  5-year  test  that  he  proposes,  and  he 
also  fails  to  see  that  a  5-year  test  would  be  wholly  inade- 
quate to  answer  the  leading  question:  Does  Government 
ownership  result  in  as  great  economic  progress  as  pri- 
vate ownership  of  public  utilities  and  railways? 


Wooden  Ships  Repaired  with  Re- 
inforced Concrete 

To  the  Editor:  A  good  deal  has  been  heard  of  late,  and 
a  good  many  plans  published,  of  ferro  concrete  construc- 
tion as  applied  to  ships  and  steamers,  and  it  is  becoming 
increasingly  evident  that  this  type  of  craft  has  come  to 
stay. 

We  think,  however,  that  we  have  broken  new  ground  in 


some  work  which  we  have  just  completed,  and  which 
consists  of  repairs  to  a  wooden  ship  effected  by  means  of 
armoured   concrete. 

The  circumstances  are  briefly  these:  A  wooden  ship  of 
some  200  tons  displacement,  having  been  purchased  by  us 
for  the  transport  of  stone  and  sand  in  the  River  Platte 
estuary,  it  was  found  on  placing  her  under  the  tip  wagons 
that  the  impact  of  some  5  tons  of  stone  falling  from  a 
height  of  15  ft.  caused  her  to  leak  badly,  and  on  investiga- 
tion it  was  found  that  the  wooden  ribs  of  the  vessel  were 
entirely  rotted  away  for  some  3  ft.  on  either  side  of  the 
keel,  and  the  good  state  of  the  wooden  skin  alone  kept  the 
bottom   from   collapsing. 

It  was  judged  that  the  boat  in  this  state  could  not  be 
docked  by  means  of  a  slipway,  the  only  means  of  docking 
available  at  the  time,  as  the  ribs  were  not  fit  to  stand  the 
weight. 

As  the  boat  was  urgently  required,  it  was  decided  that 
a  good  repair  might  be  made  by  placing  new  ribs  of  ferro 
concrete  in  the  spaces  between  the  wooden  ribs,  and  the 
repairs  were  carried  out  on  these  lines,  at  the  same  time 
strengthening  the  false  keel  by  running  two  continuous  con- 
crete girders  parallel  to  it  on  either  side,  tied  into  the  ribs. 


It  will  be  seen  from  the  drawings  that  some  of  the  rib 
bars  were  taken  up  over  the  false  keel,  so  as  to  tie  this  to. 
the  bottom,  and  the  new  concrete  ribs  were  bonded  to 
the  wooden  ribs  by  means  of  short  pieces  of  iron  reaching 
from  one  rib  to  another,  and  seated  in  holes  bored  hori- 
zontally in  the  sides  of  the  ribs. 

The  bond  to  the  skin  was  effected  by  means  of  heavy 
coach  screws  which  were  screwed  into  the  skin  planks, 
the  heads  being  buried  in  the  concrete  ribs. 

The  concrete  ribs  were  taken  up  sufficiently  far  to  be 
sure  of  a  good  bond  with  the  sound  part  of  the  wooden 
ribs,  which  were  in  good  condition  away  from  the  keel. 

The  whole  of  the  work  was  done  in  a  few  days,  while 
the  ship  was  afloat  in  a  light  condition,  and  the  added 
weight  was  very  little  more  than  the  ballast  of  old  chains, 
etc.,  which  it  was  customary  to  use  in  this  craft,  and 
which  was  of  course  dispensed  with. 

We  should  be  very  glad  to  know  if  this  method  of  using 
ferro  concrete  has  been  used  by  any  of  your  readers.  We 
may  say  that  the  ship  now  stands  quite  successfully  the 
rough   treatment   at  the   tips   without  leakage. 

HUME  HERMANOS, 
Engineer   and   Contractor. 

Buenos  Aires,  Argentine  Republic. 


Sus- 


Tests  of  Tie  Bars  of  Menai 
pension  Bridge 

To  the  Editor:  In  your  issue  of  Oct.  30,  the  article  en- 
titled "Tests  on  Tie  Bars  from  the  90  Year  Old  Menai  Sus- 
pension Bridge"  contains  the  following  statement: 

"The  fractures  occurred  always  through  solid  metal,  and 
not  at  a  weld,  and  revealed  a  coarsely  crystalline  structure. 
The  conclusion  was  reached,  therefore,  that  the  trouble  was 
due  to  fatigue  in  the  metal." 

Here  we  have  the  old  familiar  bogy  of  "Fatigue."  The 
factor  of  safety  for  the  bars,  allowing  for  full  live  load,  but 
neglecting  windstresses,  is  given  as  eight;  how,  then,  could 
there  have  been  fatigue  in  the  metal  unless  there  was  a 
condition  of  overstress  reaching  the  elastic  limit?  It  would 
seem  probable  that  the  crystalline  structure  at  points  of 
fracture  was  caused  by  the  internal  stresses,  from  cooling, 
set  up  by  the  welding  method  of  manufacture  for  these 
wrought  iron  eyebars.  In  the  old  days  of  bridge  building 
in  this  country,  when  we  used  welded  bends  on  wrought 
iron  eyebars,  the  bars  under  test  often  broke  near  the  weld, 
notwithstanding  the  fact  that  the  sectional  area  there  was 
greater  than  that  of  the  body  of  the  bar.  It  appeared  that  the 
injurious  effects  of  local  heating  were  not  always  removed 
by  subsequent  annealing;  and  it  would  appear  that  this 
■will  be  the  case  when  the  eyebars  in  the  Menai  Suspension 
Bridge  are  thus  treated,  unless  the  bars  are  raised  to  high 
heat  and  re-working  of  the  metal  (to  restore  the  original 
fibrous  structure  of  the  wrought  iron)  be  resorted  to.  If 
this  re-working  of  the  metal  is  not  done,  it  will  be  interesting 
to  see  the  results  of  tests  upon  the  annealed  eyebars. 
F.  H.  Frankland, 

New  York  City.  Consulting  Engineer. 


Who  Is  an  Engineer? 

To  the  Editor:  Referring  to  the  editorial,  "Who  Is  an 
Engineer?"  in  your  Dec.  4  issue,  I  may  tell  you  that  I  have 
been  lecturing  on  Engineering  Economics  for  the  past  10 
years  at  McGill  University  and  the  definition  used  in  con- 
nection with  my  course  is:  "Engineering  is  the  art  of 
equipping  and  directing  enterprises  so  as  to  develop  their 
greatest  value."  This  was,  I  believe,  first  developed  b> 
my  friend  R.  A.  Ros.s,  and  recognizes  the  place  of  the  en- 
gineer not  only  in  construction,  but  also  in  operation  and 
administration,  and  from  a  business  and  economic  stand- 
point as  well  as  from  the  scientific  and  technical  The 
human  element  is  also  included,  as  direction  of  and  asso- 
ciation with  men  must  of  necessity  be  part  of  the  art  as 
defined. 

Montreal,   Que.  FREDERICK   B.   BROWN. 


(112) 


December  25,  1918. 


ENGINEERING   AND   CONTRACTING 


585 


The  Sub-Contractor 

To  the  Kdltor:  Wu  un-  Sfiuliim  >oii  a  litlle  publication 
callftl  "Contraclinn  (."oninionts,"  which  we  have  just  begun 
•  publishinf;.  We  expect  to  bring  out  in  each  issue,  in  ajili- 
lion  tu  small  matters,  one  matter  of  major  importance  in 
connection  with  building  worl;.  The  writer  has  not  made 
a  careful  reading  or  study  of  each  Issue  of  "Kngineering 
&  ronlractins,"  but  from  his  reading  believes  that  the  vir- 
tues of  the  general  contractor  have  been  strongly  set  forth 
without  due  credit  to  the  subcontractor.  One  article  in 
I)nrticular  In  a  recent  issue  misc|uoted  the  fact  in  our 
opinion.  The  so-called  subcontractors  throughout  the 
country  are  beginning  to  walie  up  and  we  think  the  con- 
tracting publications  can  well  afford  to  give  them  the  rec- 
ognition which  is  due  them.  "Contracting  Comment"  is 
purely  a  local  proposition. 

JOHN   A.   WHITAKKR  &  CO.. 
Carpentry.   Interior  Trim.  Painting  and   Decorating. 

Detroit.  Mich. 

(The  foilowini;  is  quoted  from  "Contracting  Comments." 
—Editor] 

Improved  Speclflcatlons. 

A  readinc  of  specifications  from  different  architects  reveals  a 
sr-at  need  of  uniform  expression  and  uniform  arransement.  Dif- 
ferent architects  use  different  words  to  express  the  same  idea,  and 
contractors  must  interpret,  more  often  faicss.  the  meaning  in  each 
case  as  best  they  can.  Such  un-uniformity  of  expression  requires 
special  study  by  the  contractor  of  each  individual  architect.  The 
average  contractor  has  neither  the  time  nor  the  genius  to  cor- 
rectly interpret  all  the  different  meanings,  and  so  It  is  to  be  ex- 
pected that  there  will  be  annoyance  to  all  parties  concerned.  As 
lo  arrangement  in  tlie  specifications  of  the  work  under  each  trade, 
there  are  no  two  architects'  specifications  which  arc  alike,  and  it 
Is  rare  Indeed  when  one  comes  upon  a  specification  which  hasn't 
bits  of  the  same  work  mentioned  on  several  pages.  The  contrac- 
tor has  to  keep  too  much  in  mind  when  figuring  or  getting  out 
the  work.  The  architect,  too,  has  to  read  much  to  gather  together 
the  scattered  data. 

How  c-an  this  be  done,  you  say?  Wishing  or  praying  won't 
do  It.      • 

Let  the  architects  work  with  contractors  from  each  trade  and 
draw  up  a  model  specifications  for  every  work  and  operation, 
leaving  out  sizes,  grades,  etc..  unless  fitting  for  all  work,  to  bf 
Inserted  as  required.  A  few  additional  words  could  be  added  by 
the  individual  architect  as  needed,  but  a  pretty  good  general  word- 
ing according  to  the  best  practice  could  be  adopted.  More  details 
(large  scale  or  full  size)  would  permit  less  wording  in  the  specifica- 
tions and,  incidentally,  make  easier  figuring  and  less  trouble  later  on. 
Then,  too.  a  well  made  guide  for  writing  specifications  would  bo 
Invaluable  to  the  man  who  writes  the  specifications.  His  work 
would  be  done  quicker,  easier  and  better.  It  should  not  be  ex- 
pected that  a  perfect  standard  guide  would  result,  and  that  the 
scheme  would  work  like  Alladln's  lamp,  but  the  matter  Is  cer- 
tainly worth  serious  thought. 


Cleaning  Iron  with  the  Sand  Blast 

In  a  paper  presented  at  the  recent  convention  of  the 
Manitenance  of  Way  Master  Painters'  Association,  M.  A. 
E.  Wilson,  Master  Painter,  N.  Y.,  X.  H.  &  H.  R.  R.  R.',  stated 
that  cost  of  cleaning  bridges  by  the  .sand  blast  will  average 
$1  per  ton  of  metal,  which  is  much  cheaper  than  it  can  be 
done  by  hand.  This  method  will  remove  all  rust.  dirt,  etc  , 
and  leave  the  iron  in  a  condition  that  will  enable  the  ne. 
paint  to  stop  further  corrosion.  He  stated  that  the  be.-; 
outfit  for  railway  work  is  a  portable  machine  that  is  light 
and  easily  transferred  In  work  cars  and  which  can  be  set 
up  on  the  Job  without  blocking  the  main  track  or  stopping 
trains.  In  using  the  sand  blast  care  should  be  exercised 
not  to  hold  the  nozzle  loo  close  or  loo  long  on  the  same 
place,  as  it  will  wear  away  the  metal.  The  heavy  scales 
of  rust  must  be  chipped  oil  with  hammers  nr  air  chisels,  as 
the  sand  blast  will  remove  them  only  by  eating  through 
and  the  men  nperttlng  the  nozzles  are  lialiln  to  go  throuL-h 
loo  far  and  damage  the  Iron.  It  is  necessary  to  follow  up 
the  cleaning  with  a  coat  of  good  paint  immediately,  as 
corrosion  starts  very  quickly  after  the  u.se  of  the  sand  bi.-ist. 
All  the  surface  cleaned  should  be  painted  before  leaving 
the  work  at  night,  or  It  will  be  covered  with  a  nne  rust 
by   the   following   morning. 


Bending  Moments  in  Grillage 
Beams 

By  R.  FLEMING. 
.Mnerican  Bridge  Co.,  New  York  City. 

This  article  is  the  outcome  of  a  recent  review  of  calcu- 
lations  for  proportioning  grillage   beams   in   foundations. 

We  are  indebted  to  Chicago  architects  for  the  high 
building  of  Bteel  skeleton  construction.  In  Chicago  origi- 
nated the  idea  of  a  spread  foundation  made  of  steel  and 
concrete.  The  Montauk  Block,  built  in  1878,  was  probably 
the  first  building  in  America  to  be  built  on  a  steel 
grillage  foundation.  A  grillage  of  steel  rails  embedded  In 
concrete  was  used  for  part  of  the  cellar  In  order  to  obtain 
space  for  the  boiler-*  The  spread  foundation  at  once  came 
Into  wide  use.  I-beams,  with  their  greater  section  moduli, 
soon  took  the  place  of  rails.  At  the  same  time  a  discussion 
arose  as  to  the  correct  metliod  of  calculating  their  strength. 
This   discussion   has   continued   to   the   present  day. 

in  designing  steel  grillage  foundations  the  assumptions 
usually   made  are:    the   pressure  on   the   foundation   bed   is 
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iinii'orni;  the  pressure  of  the  superimposed  load  on  the 
beams  below  is  uniform;  each  tier  of  beams  acts  inde- 
pendently of  all  other  tiers:  and  the  concrete  filling  and 
covering  carry  no  stress.  With  these  assumptions  the 
problem  is:  Given  a  superimposed  load  distributed  uni- 
formly over  a  certain  length  on  the  top  of  a  beam  and  a 
uniform  upward  pressure  the  whole  length  on  the  bottom, 
what  is  the  safe  projection  of  the  beam  beyond  the  super- 
imposed load?  Or,  the  problem  may  be,  what  size  beam 
shall  be  used  for  a  given  projection?  In  either  case  the 
solution  hinges  upon  the  method  of  calculating  the  bend- 
ing moment. 

For  determining  the  bending  stresses  in  grillage  beams 
There  are  two  methods  in  general  use.    In  Fig.  1 
Let  W  =  superimposed  load   in  lb.  on  the  top  of  a  single 
beam. 
=  total  reaction  at  the  bottom, 
C  =  length  in  ft.  of  distribution  of  the  load  on  top  oT 

the  beam, 
L  =  length  in  ft-  of  beam, 

P  =  W /L  ^  pressure   per  linear   ft.   of   beam   on   foun- 
dation  bed. 
M  —  maximum  bending  moment  in  ft.  lb. 
The  first  method  assumes  that  the  pressure  of  the  super- 
imposed load  on  top  of  the  beam  remains  uniform  at  all 
times.     The  maximum  bending  moment  is  then  at  the  cen- 
ter and 
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This  is  the  equation  given  In  the  steel  manufacturers' 
handbooks— Bethlehem.  Cambria,  Carnegie,  Jones  &  Laugh- 
lin.  Phoenix  and  the  English  handbooks  of  Skelton  &  Co. 
and  Dorman,  Long  &  Co..  by  which  bending  moment  in 
grillage  beams  are  determined. 


C113) 


*Foundatlons  of  Bridges  and  Buildings.     Jacoby  and  Davis. 
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Equation  1  is  correct  only  when  tlie  pressure  on  the  up- 
per surface  remains  uniformly  distributed.  It  is  not  strictly 
applicable  when  the  superimposed  load  is  applied  through 
a  column  base  or  wall  resisting  deformation,  for  the  point 
about  which  the  beam  tends  to  bend  is  shifted  from  the 
center  of  the  base  or  wall  towards  the  edges. 

Some  of  the  advantages  in  using  the  first  method  are: 
the  error  is  on  the  side  of  safety;  sections  will  seldom  need 
to  be  increased  because  of  insufficient  web  resistance  to 
buckling;  the  point  of  maximum  bending  moment  is  not 
in  the  plane  of  maximum  vertical  shear;  no  deductions 
need  be  made  for  bolt  holes  in  flanges;  and  it  agrees  with 
the  data  of  the  steel  manufacturers'  handbooks. 

The  second  method  takes  into  consideration  only  the 
projecting  portion  of  the  beam.  The  point  of  maximum 
bending  moment  is  assumed  to  be  at  the  edge  of  the  su- 
perimposed load,  and 

L  — C    \  /    L  — C 
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Equation  2  is  correct  only  when  the  edge  of  the  wall,  col- 
umn base  or  tier  of  beams  through  which  the  superimposed 
load  is  transmitted  is  strong  enough  to  take  the  uplift  from 
the  projection.  This  is  seldom  the  case.  The  point  of  sup- 
port is  shifted  by  the  crushing  of  the  edge  toward  the  cen- 
ter of  the  base,  thus  increasing  the  length  of  the  cantilever 
portion  and  the  bending  moment.  It  is  claimed  that  the 
error  in  assuming  the  point  of  maximum  bending  moment 
at  the  edge  is  more  than  offset  by  the  error  in  assuming 
the  beams  to  act  independently  of  each  other  and  the  con- 
crete, the  whole  foundation  being  one  solid  mass  and  the 
concrete  taking  compressive  stresses.  It  is  also  claimed 
that  there  is  no  record  of  trouble  or  failure  in  any  of  the 
many  grillages  designed  by  this  method,  thus  justifying  its 
use  by  practical  results. 

Waddell  in  his  "Specifications  for  Piers"  (Bridge  Engi- 
neering, Vol.  1,  191,5),  has  a  clause: 

"The  grillage  shall  be  designed  to  distribute  the  lead 
from  the  shoe  over  the  area  equal  to  the  number  of  beams 
multiplied  by  the  distance  from  center  to  center  multiplied 
by  the  length.  It  shall  be  proportioned  for  the  moment 
ciccurring  at  the  edge  of  the  shoe  due  to  the  cantilever 
extension." 

Writers  of  textbooks  and  reference  books  are  divided  in 
their  choice  of  the  two  methods.  Sometimes  they  change 
their  opinions.  Professor  Howe  in  his  "Retaining  Walls 
for  Earth,"  third  edition  1903.  gives  the  second  method, 
but  in  his  "Foundations,"  1914,  presents  the  first  method. 
The  compiler  of  the  Carnegie  "Pocket  Companion."  edition 
of  1913,  presents  the  first  method  while  in  previous  edi- 
tions he.  or  another  compiler,  gives  the  second   method. 

The  relation  of  results  obtained  by  the  two  methods 
may  be   shown  as  follows: 

In   Fig.   1   let  A  =  length   of  projection   and    B  =  one-hall 
length  of  superimposed  load- 
Then  L  =  2A  +  2B  and  C  =  2B. 
Substituting  these  values  in  Equation  1 : 
p  A 
M  =  —  I       A  ^  B     I (3) 


(  ^    0 

in   Equatioi 

(0 


Substituting  in   Equation 
p  A 


.(4) 


Thus,  if  A  =  B,  the  bending  moment  obtained  by  the 
first  method  is  twice  that  by  the  second;  if  A  =  2B,  it  is 
one-half  more;  if  A  =  3B,  it  is  one-third  more;  if  A  ^  4B, 
it  is  one-fourth  more,  and  so  on  indefinitely. 

Moran,  in  his  chapter,  "Foundations,"  in  the  Kidder 
Pocket  Book,  1916,  after  an  exposition  of  the  two  methods, 
suggests  the  formula — 


He  adds  that  until  this  equation  is  more  generally  ac- 
cepted the  engineer  or  designer  will  avoid  criticism  and 
be  perfectly  safe  in  following  the  first  method. 

By  substituting  for  L  and  C  their  values  in  terms  of  A 
and   B.   Equation   5   becomes — 
p  A  1 

M——-   (A  -f  —  B) (6) 

2  2 

Godfrey  in  his  "Concrete"  says: 

"In  calculating  the  bending  moment  on  the  beams  the 
point  of  support  of  the  cantilever  should  not  be  taken  as 
the  edge  of  the  flange  of  the  beam  above  or  the  edge  of 
the  column  base,  but  at  some  point  where  a  good,  sub- 
stantial support  is  assured." 

The  Moran  formula  locates  this  point  at  a  distance  of 
from  1/2B  lo  2/3B  from  the  center  of  the  superimposed 
load. 

The  question  arises.  Is  there  not  a  more  nearly  exact 
method  for  determining  bending  stresses  in  grillage  beams 
than  those  in  common  use?  It  is  evident  that  the  deflection 
of  beams  must  be  considered  in  any  method  that  makes 
pretensions  to  theoretical  exactness.  According  to  the 
theory  of  flexure  of  beams  the  solution  of  the  problem  re- 
solves itself  into  a  discussion  of  the  combined  action  of 
continuous  girders  with  supports  upon  different  levels.  An 
able  presentation  of  the  subject  may  be  found  in  a  series 
of  articles.  "Stresses  in  Steel  Foundations,"  by  S.  B.  Du- 
rand,  published  in  the  Engineering  Record,  March  11,  18, 
25  and  April  1,  1899. 

But  notwithstanding  the  claims  of  the  author  as  to  sav- 
ing of  material  and  his  design  being  "dependent  upon  ait 
interior  distribution  of  loads,  which  is  based  upon  the  con- 
ditions governing  the  action  of  the  external  forces  and 
not  assumed,"  his  elaborate  calculations  have  not  been 
followed  to  any  appreciable  extent.  The  average  designer 
of  grillage  beams  does  not  find  workable  a  method  which 
involves  their  deflection. 

The  writer  follows  the  first  method.  As  the  beams  are 
subject  to  but  little,  if  any,  shock,  he  does  not  hesitate  to 
use  20,000  lb.  fiber  stress  where  two  or  more  layers  of 
beams  are  well  bedded  in  concrete.  As  methods  for  cal- 
culating bending  stresses  he  suggests  the  following: 

For  foundations  with  but  one  tier  of  beams,  bending 
stresses  be  calculated  by  the  first  method  and  16,000  lb. 
per  square  inch  fiber  stress  be  used  in  proportioning. 

For  foundations  with  more  than  one  tier  of  beams,  bend- 
ing stresses  be  calculated  by  the  first  method  and  20,00 
lb.  per  square  inch  fiber  stress  be  used  in  proportioning. 
When  designed  under  specifications  calling  for  16,000  lb. 
fiber  stress   the   Moran   formula  be   used. 

Crushing  strength  should  be  investigated,  for  occasion- 
ally a  beam  strong  enough  to  resist  bending  has  a  web  too 
thin  to  resist  buckling.     The  maximum  buckling  stress  may 

d 

be  considered  to  occur  on  a  length  equal  to  C  H ,  d  be- 

2 
ing  the  depth  of  the  beam.    The  required  web  thickness,  t  • 
W 

to  resist   buckling^ ,   in   which   t,   12C   and 

(12C  X  d/2)  X  f 
d  are  in  inches  and  f  is  the  maximum  allowable  resistance 
in  pounds  per  square  inch  of  the  web  to  buckling  computed 
from  the  column  formula  used  in   designing  the  structure. 
The  Carnegie  handbook  tabulates  values  of  f  derived  from 

1 
the    formula    19,000  — 100  —  in    which    l  =  d/2    and    r=:the 


least  radius  of  gyration  of  a  section  equal  to  the  depth  of 
the  beam  multiplied  by  its  thickness. 

The  maximum  vertical  sheer  occurs  at  the  edge  of  the 
superimposed  load  and  should  not  exceed  an  average  of 
10,000  lb.  per  square  inch  on  a  section  equal  to  the  depth 
of  the  beam  multiplied  by  its  thickness.  (Some  authori- 
ties allow  12,00(1  lb.  when  beam.=  are  well  bedded  in  con- 
crete.) 
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The  Poole  Harbor,  Enj^land,  Ship- 
yard  for  Buildinj^  Reinforced 
Concrete  Vessels 

K>'iiii«intMl  iiiiii-ri'le  m'«m'1k  art-  now  bciiiK  built  in  sev- 
eral KnKllsli  shipyardH.  The  largest  establishnieni  Is  the 
Lake  Shiiiyaril  in  Poole  Harbor.  This  yard  launched  Its 
first  l.Ooti-ton  reinforced  concrete  sea  Roing  barge  last  Aug- 
ust.    The   second   barge    was   put    In   the   water   on   Oct.   5. 


Fig.     1— General 


rangement     of     Concrete     Shipbuilding 
Poole   Harbor,   England. 


When  the  yard  is  in  full  operation  it  is  expected  that  a 
hull  will  be  launched  every  two  weeks.  An  interesting  de- 
scription of  the  Lake  Shipyard  appears  in  the  Nov.  15  is- 
sue of  The  Kngineer.  to  which  we  are  indebted  for  this 
matter  in  our  article. 

The  site  has  an  area  of  250  acres  and  a  water  frontage  of 
about  IM  miles.  The  layout  of  the  yard  is  shown  in  Fig.  1. 
As  at  present  arranged  20  slipways  have  been  provided  for. 
Of  this  total  16  have  been  constructed,  nine  of  which  were 
in  use  in  November. 

The  remaining  four — those  shown  by  the  dotted  lines — 
are   to   be   built   in   the   near   future.     The  slipways   are  di- 


could  be  given  to  the  ways  without  excessive  fllling.  Work 
on  the  construction  of  the  yard  was  commenced  In  Decem- 
ber. rJ17,  and  the  first  vessel  was  launched  Aug.  24.  last. 

The  general  arrangement  of  the  various  buildings  in  the 
yard  will  be  observed  from  KIg.  1.  The  workshops  are 
well  equipped,  and  one  of  the  latest  additions  to  them  la 
an  elei-tric  welding  plant,  by  means  of  which  the  steel  re- 
inforcing rods  are  tacked  together  to  supplant  or  supple- 
ment the  binding  of  them  by  means  of  wire.  The  yard  U 
situated  close  to  one  of  the  lines  of  the  London  and  Soulb- 
Weslern  Railway,  with  «hich  It  is  In  direct  connection  by 
means  of  a  series  of  sidings. 

As  it  was  recognized  that  research  work  must  play  an 
important  part  in  the  future  of  concrete  shipbuilding,  an 
experimental  laboratory  has  been  established  In  the  yard. 
All  the  concrete  used  in  the  vessels  is  subjected  to  care- 
lull  tests,  and  elaborate  precautions  are  taken  to  insure 
the   best   results. 

A  drawing  showing  one  of  the  larger  slipways  and  its 
housing  is  given  in  Fig.  2.  This  slipway  Is  204  ft.  long 
and  is  divided  into  IT  bays  of  equal  width  by  means  of 
double  lines  of  concrete  piers,  21  In.  square,  which  rest  on 
concrete  block  foundaticns  2%  ft.  square  and  '^  ft-  deep. 
The  piers  which  serve  to  support  the  various  working 
stages  are  arranged  at  12  ft.  center  in  a  line  parallel  to  the 
ways,  and  5  ft.  5  in  center  from  one  another  at  right  angles 
to  the  ways. 

The  slipway  proper  is  formed  of  a  series  of  9  in.  con- 
crete dwarf  walls,  33  ft.  long  and  4  ft.  high,  whjch  are 
built  at  6  ft.  centers  and  arranged  at  right  angles  to  the 
center  of  the  berth.  Each  of  these  walls  rests  on  a  con- 
crete foundation  l.S  In.  wide  and  B  in.  deep.  The  length 
of  each  bay  between  the  faces  of  the  concrete  pier  is  36 
ft.  10  in.  The  general  design  and  arrangement  of  the 
building  and  its  roof  are  so  well  shown  in  the  drawing  that 
a  detailed  description  is  not  necessary,  but  we  may  draw 
attention  to  the  gantry  at  the  shore  end.  This  gantry 
stretches  the  whole  width  of  a  series  of  10  slipways,  and 
from  it  two-decked  branches  extend  between  the  various 
vessels  under  construction.  Both  it  and  the  upper  decks 
of  the  branch  stages  running  from  It  between  each  of  the 
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vided  into  two  sets  of  ten  berths,  and  it  will  be  obscrvi-d 
tliat  the  berths  of  one  set  are  considerably  longer  ihan 
those  of  the  other.  It  is  Intended  that  all  the  ways  shall 
be  boused  in  so  that  work  can  proceed,  no  matter  what  the 
weather  conditions  may  be.  There  is.  In  addition  to  the  20 
slipways  mentioned,  one  further  slipway  for  expcrim.'iital 
purposes. 

The  site   is  comparatively  flat,  so  that   no  large  amoiint 
of   excavation    was    required,   and    yet    the    requisite    slope 


vessels  Is  laid  with  a  24  in.  gage  railway.  The  level  of 
the  rails  is  about  the  same  as  that  of  the  highest  part  of 
the  decks  of  the  vessel  when  built.  From  the  two  stages 
access  is  obtained  for  placing  the  steel  reinforcement,  and 
the  upper  stage  Is  used  for  conveying  the  concrete  to  the 
various   ships. 

Each  set  of  10  slips  has  its  own  plant  for  crushing  and 
screening  the  aggregate  for  the  concrete.  The  concrete 
after    being    prepared    In    mixers,    arranged    on    a    staging 
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raised  a  little  above  the  gantry,  is  delivered  into  specially 
designed  skips  running  on  the  rails,  there  being  turntables 
opposite  each  branch  stage.  From  the  skips  the  concrete 
is  finally  taken  to  the  point  in  the  ship  where  it  is  required 
by  means  of  chutes.  The  upper  decks  of  the  branch  stag- 
ings, which  at  the  landward  side  are  18  ft.  IOV2  in.  from 
the  ground,  are  kept  horizontal  throughout  their  lengths, 
having  to  be  so  because  the  rails  are  laid  on  them.  The 
lower  decks  of  the  staging  are,  however,  constructed  with 
three  levels,  which  are  connected  together  by  means  of 
short  flights  of  steps.  At  the  landward  end  the  difference 
of  level  between  the  upper  and  lower  decks  of  the  staging 
is  8  ft.  10%  in.  In  the  middle  the  difference  is  11  ft  4% 
in.,  while  at  the  ends  it  is  13  ft.  lOVo  in.  The  floors  of  the 
stages  are  carried  by  beams  supported  by  struts,  the  lower 
ends  of  which  rest  on  brackets  corbelled  from  the  con- 
crete piers.  The  Inclination  given  to  the  launching  ways 
is  1  in  20. 

The  yard  has  been  laid  out  primarily  for  the  construc- 
tion of  three  types  of  vessels— 1,000-ton  sea  going  cargo 
barges,  1,000-ton  sea  going  oil  tankers  and  800  H.  P.  tugs. 

The  yard  and  the  slipways  were  specially  designed  for 
the  construction  of  concrete  ships  by  the  chief  engineer, 
Mr.  E.  O.  Williams,  A.M.,  Inst.  C.E..  of  the  Marine  and 
General  Concrete  Construction  Syndicate.  Limited,  which  is 
also  supplying  the  designs  of  the  vessels. 


Depreciation  of  Office  Buildings 

A.fter  much  research  work  in  many  leading  cities  the 
committee  on  Taxation  of  the  National  Association  of  Build- 
ing Owners  and  Managers  has  reached  the  conclusion  that 
the  minimum  annual  depreciation  of  normal  office  build- 
ings is  3  per  cent  of  actual  building  cost  for  each  of  the 
first  ten  years,  2.5  per  cent  for  the  second  10  years,  2  per 
cent  for  the  third  10  years,  and  thereafter  doubtful.  These 
figures  are  given  by  Mr.  H.  J.  Burton,  chairman  of  the  com- 
mittee, in  a  report  to  the  Government  Advisory  Council  of 
Real  Estate  Interests.     The  report  also  states; 

"The  best  authorities  consider  that  there  is  a  steady  and 
inevitable  annual  depreciation  ranging  from  1.5  to  2  per 
cent  for  the  structural  portion  of  the  average  modern  office 
building,  and  from  7  to  10  per  cent  per  annum  for  the  me- 
chanical plant  and  equipment.  This  makes  the  annual  de- 
preciation of  the  combined  structure  and  plant  3.2  per  cent 
per  annum. 

"The  obsolescence  of  the  ornamental  and  finishing  work 
and  of  the  architectural  plan,  which  reduces  the  competitive 
earning  capacity  of  the  building,  should  also  be  allowed, 
and  should  be  differentiated  from  the  obsolescence  or  de- 
cadence of  the  location,  which  is  reflected  in  the  reduced 
land   values." 


Training  Course  in  Naval  Architecture  at  University  of 
IVIichigan. — An  intensive  training  course  in  naval  archi- 
tecture will  be  started  at  the  University  of  Michigan  and 
will  run  11  weeks.  Applicants  should  be  graduates  of  civil, 
mechanical,  electrical,  mining  or  architectural  engineering 
courses;  or,  if  not  graduates,  should  have  had  the  equiva- 
lent of  such  training.  Consideration  will  be  given  to  men 
who  have  completed  their  junior  year  in  college  in  any 
engineering  course  just  mentioned.  Applicants  should  have 
studied  applied  mechanics  and  mathematics,  including  cal- 
culus. The  tuition  is  532.25  for  the  course,  payable  to  the 
University.  Each  student  pays  his  own  expenses.  Applica- 
tions should  be  made  at  once  to  Professor  E.  M.  Bragg, 
Department  of  Naval  Architecture,  University  of  Michigan, 
Ann  Arbor. 


Erasing  Pencil  IVIarks  from  Tracings. — Pencil  marks  can 
be  removed  from  inked  in  tracings  by  means  of  a  piece  of 
felt  moistened  with  gasoline.  A  convenient  method  of  do- 
ing this  is  to  tie  a  small  piece  of  felt  over  the  end  of  a 
medicine  dropper  filled  with  gasoline.  By  squeezing  the 
bulb  slightly  the  felt  is  kept  wet.  The  felt  is  passed  lightly 
over  the  pencil  marks  and  erases  them  without  dimming 
the  ink  lines. 


Continuous  Reinforced  Concrete 

Beams;  What  Happens  at 

the  Ends? 

BY  LEONARD  C.  JORDAN, 
Morsmere,   N.    J. 

There  is  considerable  unwarranted  variance  in  the  prac- 
tice of  designing  reinforced  concrete  beams  when  the  ends 
are  wholly  or  partly  fixed.  This  type  of  construction  has 
been  greatly  abused  by  carrying  into  concrete  designing 
the  practice,  common  and  proper  in  timber  and  steel  con- 
struction, of  regarding  all  beams  as  simple.  While  it  is 
the  case  that  nearly  all  steel  beams  are  simple,  a  strictly 
simple  beam  of  reinforced  concrete  is  almost  as  rare  as  a 
day  in  June — and  that  day  the  thirty-first  of  the  month. 

It  is  proper  to  design  a  beam  as  a  simple  one  if  it  will 
be  constructed  as  a  simple  beam  and  if  columns  and  w'alls 
can  never  furnish  restraint  at  the  ends.  But  where  col- 
umns and  beams  are  cast  monolithic  and  a  beam  cannot 
defiect  without  having  tension  at  the  top  near  supports, 
then  the  beam  is  continuous  whether  it  is  so  regarded  or 
not.  It  is  only  to  be  hoped  that  tlie  beam  will  be  con- 
tinuous in  life  as  well  as  in  the  nature  of  its  stresses. 

The  writer  is  well  aware  that  many  designers  take  into 
account  the  true  continuous  nature  of  the  beam,  yet  others, 
through  specifications  or  employers,  are  restrained  in  their 
methods  fully  as  much  as  the  beams  are  restrained  at 
supports.  It  is  common  practice  with  many  firms  to  de- 
sign beams,  even  when  built  solidly  with  rigid  supports, 
merely  as  simple  beams  and  to  throw  in  at  the  top  over 
supports  50  per  cent  as  much  steel  as  is  figured  for  the 
bottom  in  the  center  of  span.  The  method  of  construc- 
tion renders  these  beams  continuous.  And,  unless  there 
is  partial  or  complete  failure,  the  top  steel  must  take  all 
tension  resulting  from  negative  moment.  Since  it  is  true 
that  beams  of  this  type  generally  withstand  the  strain  to 
which  they  are  subjected,  the  questions  arise: 

(1)  Are  the  stresses  in  the  materials  dangerously  high? 

(2)  Can  a  safer  and  more  economic  structure  be  se- 
cured by  careful  attention  to  details? 

(3)  Would  an  increase  in  design  stresses  or  a  decrease 
in  moment  factors  be  warranted? 

(4)  What  is  the  proper  method  of  designing  continuous 
beams? 

In  a  partly  or  wholly  restrained  beam  the  positive  mo- 
ment at  the  center  plus  the  negative  moment  at  one  end 
equals  1/8  w  L=  for  any  particular  loading,  L  being  the 
length  of  effective  span  and  w  the  load  per  linear  unit. 
This  is  for  uniform  load,  to  which  the  present  discussion 
will  be  limited.  For  a  uniform  beam  uniformly  loaded  and 
thoroughly  fixed  at  bot-h  ends  the  moments  are  1/12  w  L= 
at  supports  and  1/24  w  L-  at  the  center.  When  the  cen- 
tral part  of  the  beam  is  more  rigid  than  the  portions  near 
the  ends,  the  points  of  inflection  are  located  nearer  the 
supports  than  in  the  case  of  a  uniform  beam  section.  Even 
when  equal  amounts  of  steel  take  the  tension  produced 
by  the  two  kinds  of  moment  the  central  portion,  due  to  the 
flange  of  the  T  section,  is  more  rigid  than  the  end  por- 
tions, which  must  act  as  common  rectangular  beam  sec- 
tions except  in  so  much  as  they  are  stiffened  by  the  com- 
pression in  the  bottom  steel.  The  points  of  inflection  are, 
therefore,  farther  out  toward  the  supports  than  in  a  beam 
of  uniform  section.  The  result  is  a  positive  moment  some- 
what greater  than  1  24  w  U  and  a  negative  moment  cor- 
respondingly less  than  iyi2  w  L^  When  the  adjacent 
spans  carry  no  live  load  and  there  is  some  deflection  of 
columns,  depending  upon  their  rigidity,  the  positive  mo- 
ment is  increased  slightly  further,  with  an  equal  reduction 
in  negative  moment.  These  facts  possibly  justify  the  ac- 
tion of  the  Joint  Committee  in  recommending  the  use  of 
1/12  w  L-  for  both  positive  and  negative  moments.  Quite 
evidently  this  practice  is  on  the  side  of  safety,  although 
somewhat  extravagant  provision  is  made  for  the  positive 
moment. 

The  practice  of  designing  a  beam  for  1/8  w  JJ  at  the 
center  and  placing  over  supports  one-half  as  much  steel 
as  is  used  in  the  bottom  in  the  center  of  span  is  unjusti- 
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flable.  This  is  equivalent  to  calculating  the  negative  mo- 
ment as  1/16  w  L-.  which  is  too  small  This  mutbod 
causes  stresses  in  the  negative  steel  far  higher  than  the 
computed  value.  Likewise  the  actual  stress  In  the  center 
of  the  span  is  possibly  less  than  half  the  calculated  amount, 
the  ratio  depending  upon  the  positions  of  the  points  of  In- 
flection. The  exact  stresses  produced  are  somewhat  prob- 
lematical owing  to  our  limited  knowledge  of  what  happens 
at  the  ends  of  continuous  reinforced  concrete  beams.  There 
are  some  questions  which  can  be  answered  only  by  experi- 
ment. And  the  writer  suggests  certain  tests  (outlined 
later!  which  can  add  materially  to  our  present  Information 
on   the   subject.     Kor  the   present    the   following   consldera- 
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lions  should  lead  to  more  careful  attention  to  details  dur- 
ing design. 

Although  we  seldom  speak  of  the  moment  of  inertia  of 
reinforced  concrete  beams,  it  is  proper  in  the  present  dis- 
cussion to  think  of  the  relative  moments  of  inertia  of  the 
end  and  center  sections.  A  relatively  small  amount  of  top 
steel  at  the  ends  and  the  presence  of  the  effective  flange 
area  throughout  the  central  portion  of  the  span  results  In 
a  more  rigid  beam  to  resist  positive  moment  than  to  resist 
the  negative.  We  will  denote  by  R  the  ratio  of  moments 
of  inertia  of  the  end  and  center  sections  of  the  beam. 
R^l  represents  a  uniform  beam.  And  smaller  values 
ol  R  represent  more  flexible  end  sections  resulting  from 
the  aforementioned  influences.  Assuming  that  the  beam 
ends  remain  horizontal,  we  get  the  following: 


Distance  from 

support  to 

Value 

point  of 

Positive 

Npgatlvi 

of  R. 

inDection. 

moment. 

moment 

Joint  Committee  recommends  this  value.  Provision  for  a 
smaller  moment  should  be  regarded  as  dangerous  prac- 
tice. 

Question  i'i)  can  be  answered  further  by  considering  the 
values  In  the  positive  moment  column  of  the  table.  It 
appears  that  a  positive  moment  as  great  as  1  16  w  L= 
would  be  difflcult  of  attainment,  particularly  so  when 
ample  provision  la  made  for  the  negative  moment.  It 
would  seem,  therefore,  that  a  safe  design  would  result 
from  the  use  of  this  moment.  However,  before  using  this 
value,  the  writer  would  await  an  agreement  to  this  moment 
factor  by  many  men  capable  of  rendering  reliable  opinion 
in  the  matter.  The  Joint  Committee  recommends  1  12  w 
L-"  for  the  positive  moment.  Yet  It  might  be  that  the  mem- 
bers pemiitted  themselves  to  be  somewhat  influenced  by 
the  prestige  of  established  bad  practice,  which  always  is 
a  difncult  obstacle  to  overcome.  Possibly  the  Committee 
will  see  fit  to  make  further  inodillcations  of  its  original 
report,  in  which  case  the  continuous  beam  is  hereby  recom- 
meded   for  further  consideration. 

In  regard  to  question  (:{)  the  writer  wishes  to  protest 
against  the  use  of  stresses  any  higher  than  those  recom- 
mended by  the  Joint  Committee.  However,  as  already 
slated,  he  feels  certain  that  there  should  be  a  change  in 
the  calculation  of  positive  moment.  It  is  his  firm  belief 
that  in  many  modern  structures  there  are  beams  in  which 
the  positive  steel  is  never  stressed  to  more  than  10,000 
lb.  per  square  inch,  while  the  negative  steel  is  working  at 
fully  twice  this  amount  in  tension  and  with  bond  stress  at 
or  near  the  point  of  partial  failure,  although  the  calculated 
stresses  were  within  the  usual  specified  limits.  The  speci- 
fied stress  should  not  be  increased,  but  care  should  be  ex- 
orcised to  gain  close  agreement  between  calculated  and 
actual  stres.ses.  Structures  should  be  so  designed  that  the 
available  strength  of  the  materials  Is  used  to  economic 
advantage. 

In  answer  to  question  (4)  the  writer  submits  an  example 
of  beam  design  which  he  regards  as  being  within  the  spirit 
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It  Is  seen  that  with  a  relatively  flimsy  end  section  we 
ap|)roach  the  condition  of  eqtial  positive  and  negative  mo- 
ments. Yet  there  appears  no  justification  for  the  practice 
of  figurine  the  end  moment  as  1  16  w  L\  There  is  also 
the  influence  of  the  deflection  of  columns.  Column  de- 
flection and  sjme  value  of  R  which,  together,  would  locate 
the  poinl=  of  inflection  at  0.1,^  L  from  the  supports,  for  in 
stance,  would  produce  the  bending  moments  shown  in  tin- 
last  line  of  the  table.  Increased  ileflectioii  of  the  columns 
wotild  further  decrease  the  negative  moment.  Still  this 
consideration  does  not  warrant  the  use  of  a  very  small 
amount  of  steel  over  supports.  For  be  It  remembered  that 
'.he  column  deflection  comes  about  merely  by  the  tension 
in  this  same  top  steel. 

The  last  column  of  the  table  gives  an  affirmative  answer 
to  question  (1).  Apparently  1  12  w  1/  is  the  maximuni 
probable  value  of  the  negative  moment.  This  moment  Is 
attained  In  a  uniform  beam  and  is  closely  approached  In 
beams   whose   sections   vary   considerably   in   rigidity.     The 
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of  the  Joint  Committee's  conservative  recommendations, 
.ilthough  there  are  some  features  which  the  Committee 
failed  to  mention  and  in  regard  to  which  the  writer  wishes 
to  Invite  an  expression  of  dependable  opinion.  These 
points  are  the  manner  of  taking  into  account  the  stress 
!n  the  bottom  steel  at  the  end  of  span,  the  disposition  of 
this  stress  beyond  the  end  of  clear  span,  the  allowable 
bond  stress  and  end  resistance  when  the  force  acting  on 
a  rod  tends  to  push  it  into  a  large  mass  of  concrete,  and 
the  means  of  taking  care  of  the  specified  shearing  stress. 
Figures  1  and  2  show  a  beam  built  solidly  Into  fairly  large 
columns,   the   clear   span    being   20   ft.     .Ml    main    steel    Is 
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straight.  This  is  a  good  practice  whicli  is  followed  by 
many  firms  and  which  is  economical  of  steel  and  labor 
whpn  all  the  stresses  in  the  rods  are  taken  into  account. 
With  a  total  load  of  1,750  lb.  per  linear  foot  the  end  shear 
is  17,500  lb.  and  the  positive  and  negative  bending  mo- 
ments are  figured  to  be  700.000  inch  pounds,  using  the 
1  12  w  L-  rule.  The  value  of  jd  at  the  center  of  span  is 
19.4  iu.  and  the  stress  in  the  bottom  steel  is  computed  to 
be  15,300  lb.  per  square  inch.  If  specifications  permitted 
the  use  of  1'16  w  L-  as  the  maxim.um  positive  moment 
we  would  use  three  7/8  in.  round  rods,  jd  would  be  19.5 
in.  and  the  computed  value  of  the  tensile  stress  would  be 
only  15.000  lb.  per  square  inch.  It  this  amount  of  steel  is 
too  little,  a  convincing  demonstration  of  its  inadequacy 
would  be  interesting.  However,  as  previously  stated,  the 
■writer  prefers  to  adhere  to  the  more  conservative  practice 
of  using  the  1/12  rule  until  there  is  good  agreement  con- 
cerning the  advisability  of  adopting  the  smaller  computa- 
tion of  positive  moment.  Besides,  there  are  more  im- 
portant questions  regarding  the  conditions  at  the  ends  of 
beams. 

In  the  beam  of  Figs.  1  and  2  the  section  resisting  nega- 
tive moment  is  d  =  21in..  b:=9in..  A,  =  A',  ^2.36  sq.  in.  If 
W'e  ignore  the  compression  in  the  bottom  steel,  the  stresses 
appear  to  be  f- =  16.600.  f,  =  9.20.  jd  being  17.82  in.  How- 
ever,  unless  the  bottom  rods  have  buckled  or  slipped  longi- 
tudinally through  the  concrete,  the  compression  in  them  is 
15  times  the  stress  in  the  adjacent  concrete.  There  is  no 
intermediate  ground.  Either  this  failure  has  occurred  or 
it  has  not.  If  there  has  been  this  partial  failure,  the  bot- 
tom rods  are  a  source  of  weakness  at  the  ends  of  span  and 
they  should  be  cut  off  in  the  region  of  the  point  of  in- 
flection where  there  would  be  no  injurious  effect  from  a 
sudden  transfer  of  compression  from  steel  to  concrete. 
On  the  other  hand,  and  this  is  in  all  probability  the  true 
condition,  if  all  the  beam  materials  are  intact,  the  only 
reliable  means  of  procedure  is  that  guided  by  recognition 
of  all  stresses  which  we  knoF  to  be  in  existence. 

Taking  this  compression  into  account,  the  end  portion 
of  the  beam  must  be  regarded  merely  as  a  double  reinforced 
rectangular  beam.  In  the  given  example,  p  =  p'^  0.0125. 
Exact  formulas  for  investigating  this  section  give  kd  = 
7.82  in.,  jd  =  18.62  in.,  f,  =  16,000,  fc  =  628,  and  f.  =  7,000. 
The  compressive  stresses  are  well  within  the  limits 
specified  by  the  .loint  Committee  and  should  be  regarded 
as  safe.  The  shear  on  the  bjd  section  of  the  concrete  is 
105  pounds  per  square  inch. 

The  next  point  lo  investigate  is  the  bond  stress.  For  the 
present  designate  by  M„  the  negative  moment  at  the  face 
of  column,  by  M„  the  negative  moment  at  U.  a  small  dis- 
tance y  from  the  column,  and  by  V  the  end  shear,  the 
units  being  in  pounds  and  inches.  Mn  =  Mu  +  Vy  — 
%   w  y-.   of  w-hich  the   last  term   is   negligible.     The   total 

M, 

stress  in  the  top  steel  at  the  column  face  is  .     And  the 

jd 
M„ 

total  stress  in  this  steel  at  U  is .     The  change  of  stress 

jd 
M„  —  M„  Vy 

in  the  distance  y  is  =  — . 

•  jd      .  jd 


At  the  extreme  end 


the  change  of  stress  in  the  top  steel  is  at   the  rate  of  — 

jd 
per  linear  inch  of  rod.     This  is   the  total  bond   stress  per 

Formulas  for  cloutile  reinforced  beams,  as  given  in  the  princi- 
pal text  books  are  incorrect,  as  they  regard  both  compressive 
steel  and  concrete  as  occupying  the  same  space.  The  resulting? 
error  in  stress  computation  will  amount  to  2  or  3  per  cent,  whicli 
is  not  important  except  when  exact  figures  are  desired  as  in  the 
investigation  of  test  members.  The  correct  formula  for  k  is 
r  If  d'l 

k=  -1-  2  •!  n   p   -^    (n  —  1)   p'  ^  k  =  2  ■!  n  p  +   (n  —  1)  p'  —  V 
I  J  I.  d    J 

The  further  computations  of  finding  jd  and  the  several  stresses 
can  be  accompV.shert  most  easily  by  expressing  fs  and  f »  in  terms 
of  if,  taking  the  moments  of  the  compressive  stresses  about  the 
tensile  steel  as  a  center,  and  eciuating  the  resisting  moment  to 
the  bending  moment. 


linear   inch    of    rods.      The    unit    bond    stress    is.    therefore, 

V  17,500 

^= =i  100  lb.  per  square  inch.  This  is 

jdi;o  18.62x3x3.14 

the  formula  generally  used.  But  it  applies  only  to  the 
tensile  steel.  In  the  case  of  the  compressivfi  steel  there 
is  no  relation  between  Zc  and  bond  stress.  All  compressive 
and  tensile'  stresses  are  proportional  to  the  bending  mo- 
ment. And  the  change  in  these  stresses  is  proportional 
to  the  change  in  tending  moment.  f\  at  the  end  of  beam 
was  computed  to  be  7,000.  It  follows  that  the  change  in 
17,500 

fs    in    one    inch    of    length    is •x  7,000  ^175    lb.    per 

700,000 
square  inch,  which  amounts  to  138  lb.  in  a  1  in.  rod.  This 
change  of  stress  in  a  rod  divided  by  the  circumference  of 
the  rod  gives  the  value  of  the  bond  stress,  which  is  44  lb. 
per  square  inch  of  surface.  In  general,  the  steel  stress  is 
proportional  to  the  distance  of  the  steel  from  the  neutral 
axis.  It  follows  that,  with  equal  number  and  size  of  top 
and  bottom  rods,  the  bond  stress  is  proportional  to  the 
distance  from  the  rods  to  the  neutral  axis.  Commonly  the 
tensile  steel  is  more  than  twice  as  far  from  the  neutral 
axis  as  is  the  compressive  steel,  which  shows  that  the 
bond  on  the  bottom  steel  is  never  critical  and  also  that 
larger  rods  may  be  employed  in  the  bottom  of  beam  than 
in  the  top.  In  many  cases  this  arrangement  would  be  ver\ 
convenient  owing  to  the  desirability  of  a  narrow  beam  stem 
and  the  possibility  of  permitting  the  top  rods  to  occupv 
somewhat  greater  width  of  space.  Beyond  the  point  of  in- 
flection, wherever  It  may  be,  the  bottom  rods  are  in  ten- 
sion, but  the  shear  there  is  less  than  at  the  ends  and  the 
bond  stress  is  unlikely  to  approach  a  critical  value.  Spe- 
cial investigation  of  the  shear  in  the  bottom  rods  will  be 
unnecessary  unless  these  rods  are  considerably  larger  than 
are  the  negative  rods. 

The  subject  of  bond  stress  suggests  mention  of  similar 
inquiry  into  the  conditions  in  simple  teams.  \ti  such  mem 
hers  the  luaxirnum  bond  stress  is  the  end  shear  divided 
by  the  product  of  jd  and  the  sum  of  perimeters  of  rods 
This  is  true,  however,  only  when  the  concrete  has  been 
subjected  to  fensile  stresses  sufficient  to  produce  initial 
cracking.  At  the  ends,  where  the  moment  is  very  small 
and  where  the  concrete  is  still  intact,  it  will  be  seen  that 
the  bond  stress  is  somewhat  different,  in  this  case  being 
less  than  if  the  initial  cracking  had  taken  place.  The  usual 
method  of  computing  this  bond,  based  upon  the  assumed 
cracked  section,  is  the  Only  advisable  course  to  follow. 
For  in  simple  beams  an  initial  bond  failure  would  lead  to 
a  progressive  rupture  that  could  result  only  in  the  ulti- 
mate failure  of  the  beam  as  a  whole.  Hooking  the  ends 
of  rods  or  extending  them  some  distance  into  supports 
will  reduce  this  danger. 

We  now  come  to  the  result  of  initial  bond  failure  in  the 
top  steel  of  continuous  beams.  Very  probably  there  fre- 
quently is  such  failure  in  beams  which  have  an  inadequate 
amount  of  negative  steel.  This  matter  is  not  so  important 
as  it  might  seem  at  first  glance.  The  maximum  bond  stress 
in  the  top  steel  is  at  the  end  of  span,  near  the  central 
point  of  rod.  An  initial  bond  failure  here  would  merely 
mean  a  readjustment  of  stresses  and  a  slight  slipping  of  a 
part  of  the  rod  through  the  adjacent  concrete.  The  end  of  the 
rod  is  well  anchored  in  the  concrete  of  the  portion  of  beam 
having  far  smaller  shear.  Indeed,  it  is  difficult  to  imagine 
a  complete  failure  due  even  to  having  the  top  rods  run 
through  smooth  holes  in  the  concrete  for  some  distance 
near  the  support  so  long  as  they  are  well  bonded  through- 
out the  rest  of  their  length.  In  this  connection  we  might 
ask  whether  conservative  practice  should  not  permit  higher 
bond  stress  in  such  steel  than  is  considered  safe  in  rods 
whose  initial  bond  rupture  would  mean  final  failure.  Also, 
would  it  not  be  reasonable  to  consider  the  question  of 
permitting  higher  shear  in  concrete  at  the  ends  of  con- 
tinuous beams  where  the  concrete  is  under  large  compres- 
sive stress  and  where  a  crack  entirely  through  the  com- 
pressive area  would  be  pressed  'together  so  securely  that 
slipping  would  be  difficult? 

The  bottom   steel   is   under   considerable   compression   at 
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the  end  of  span,  as  has  been  shown  An<l  we  must  con- 
sider what  becomes  of  this  stress,  i.  e..  how  It  is  trans- 
ferred to  the  concrete  within  the  body  of  the  column.  I'n 
less  the  rods  extend  a  ffw  Inches  Into  the  column,  rather 
high  transfer  stresses  are  sure  to  exist.  In  the  stated  ex- 
ample the  bottom  rods  extend  t!  In.  beyond  the  end  of 
clear  span,  f.  -  7.000  and  each  rod  carries  a  stress  of  5.50(1 
lb.  In  some  manner  this  5.500  lb.  Is  transferred  to  the 
concrete.  If  1.570  lb.  Is  taken  by  the  concrete  directly 
beyond  the  end  of  rod  (L'.Ouo  lb.  per  square  Inch),  there  i>. 
left  3.y;iU  lb.  to  be  taken  by  bond  on  the  6  In.  lennth  or 
ii08  lbs.  per  square  Inch  of  surface.  High  compressive  and 
bond  stresses  are  not  especially  dangerous  at  this  point, 
for  there  Is  little  opportunity  for  the  materials  to  become 
disrupted,  owing  to  the  bulk  of  the  column,  and  there  Is 
no  space  into  which  the  rods  can   push. 

Figure  R  Illustrates  a  simple  test  that  would  show  very 
readily  just  what  strength  a  rod  would  have  in  resisting  a 
force  that  tended  to  push  it  Into  a  block  of  concrete.  And 
Figs.  3,  4  and  5.  illustrate  a  test  piece  by  means  of  which 
the  stresses  existing  in  the  ends  of  a  continuous  beam 
may  be  investigated  very  easily.  The  beam  section  is  the 
same  as  the  ends  of  the  beam  illustrated  in  P'igs.  1  and  2. 
except  that  the  stirrups  have  been  spaced  closer  together 
to  avoid  possible  early  failure  by  shear.  The  loading  illus- 
trated in  Fig.  3  will  give  the  same  moment  and  shear  as 
are  used  li\  the  example,  moment  of  700,000  and  shear  of 
17,500. 

At  this  season  of  the  year  when  engineering  students 
are  working  on  their  theses  the  writer  wishes  to  suggest 
that  experiments  be  made  along  the  lines  of  the  tests  illus- 
trated by  Figs.  3  and  6.  By  varying  the  diameter  of  rod 
and  the  length  embedded  in  concrete  in  the  specimen  of 
Fig.  6.  some  interesting  data  would  probably  be  disclosed. 
'^Engineering  students,  through  such  tests,  have  an  oppor- 
tunity to  make  a  real  contribution  to  the  available  stock 
of  information  on  this  very  important  subject.  This  mat- 
ter offers  one  of  the  best  fields  possible  for  investigation 
suitable  to  the  needs  of  thesis  work.  And  investigation  b\ 
students,  under  the  guidance  of  their  professors,  is  possibly 
the  best  mean.<  of  securing  the  desired  thorough  under- 
standing of  the  subject.  Supposing  that  students  will  give 
this  matter  some  attention,  the  writer  would  be  glad  to 
correspond  \vith  those  who  make  experiments  of  the  kind 
suggested  in  order  to  put  students  in  touch  with  each 
other,  if  they  express  a  desire  to  that  effect,  so  that  each 
may  have  the  advantage  of  all  experiments  made  and  that 
all  data  may  be  gathered  together  for  the  advantage  of 
the   engineering   profession. 

The  writer  trusts  that  investigation  and  discussion  of 
the  stresses  of  continuous  beams  will  result  in  better  un- 
derstanding of  the  subject  and  in  the  design  of  structures 
that  will  be  safe  in  all  respects  and  yet  which  will  make 
economic  use  of  the  materials  of  which  there  is  so  great 
scarcity   at    present. 


England  to  Spend  $600,000,000  on  Hous- 
ing Project 

In  an  address  delivered  Nov.  25  at  the  7lh  National  Con 
ference  on  Housing,  Thomas  Adams,  Town  Planning  Ad- 
viser of  the  Canadian  Commission  of  Conservation,  stated 
that  England  proposes  to  spend  at  least  $600,000,000  on 
new  houses  In  3  years  after  the  war.  The  state  will  meet 
75  per  cent  of  the  loss  due  to  expected  falling  In  value  of 
materials  and  labor  during  the  next  seven  years.  This 
will  mean  a  national  contribution  of  about  $188,000,000  and 
a  local  contribution  of  about  $47,000,00(1.  England  will 
simultaneously  Insist  on  the  standards  of  |)rlvate  const  ruc- 
tion being  raised;  and  will  go  on  demolishing  Us  sliiius. 
No  less  than  60.000  houses  were  made  lit  by  landlords  in 
1913  under  Covernment  compulsion.  The  density  of  house 
building  in  England  will  be  governed  by  town  planning 
schemes.  Il.ving  12  houses  to  the  acre  in  towns  and  s  to 
the  acre  In  cities.  Land  purchase,  lo'-al  transit,  and  house 
building  will  proceed  side  by  side. 


Compressive  Strength  and  Modu- 
lus of  Elasticity  of  Gunite 

iJuring  the  past  year  the  I'.  S.  Shipping  Hoard.  In  co- 
operation with  the  Bureau  of  Standards,  has  made  exten- 
sive tests  to  determine  the  compressive  strength  and  the 
modulus  of  rupture  of  gunlle.  Tests  also  were  made  this 
year  by  Hrof  McKlbben  of  Lehigh  I'niverslty  to  determine 
the  modulus  of  rupture  and  other  characteristics.  These 
tests  are  summarized  In  a  paper:  "The  Cement  Gun,  It's 
Application  and  I'ses."  presented  Dec.  23  before  the  So- 
ciety of  Municipal  Engineers  of  the  city  of  New  York, 
by  B.  C.  Collier,  general  manager  of  the  Cement  Gun  Co.. 
inc.  The  matter  following  Is  taken  from  .Mr.  Collier's 
paper: 

Results  of  Modulus  of  Rupture  Tests  by  Prof.  McKlbben. 
-  Tests  have  recently  been  made  by  Prof.  .McKlbben  of 
Lehigh  University  to  determine  the  modulus  of  rupture 
of  gunite,  and  his  report  shows  results  oil  slabs  shot  as 
follows: 

A.     Shot   horizontally  ut  one   operation,   2   In.   thick. 
H.     Shot   horizontally  at  one  oiK-ratlon.   4   In.  thick. 
I'.     Shot   horizontally,    four    layers,    1    In.    each.    1-hour   Intervals. 
1>      Shot    horlzontall.v.    four    layers.    1    In.    each,    4-hour    Interv-alg. 
K.     Shot   horizontally,    four   layers.    1   In.   each,    24 -hour   lnter\"als. 
I'^.     Shot   vertically  at   one  operation.   4   In.   thick. 
I'..     Shot  vertlcall.v.   four   layers.   1    In.   each.    1-hour  Intervals. 
H.     Shot  vertically,   four  layers.   1    In.   each.   4-hour  Intervals. 
.1.      .Shot  vertically,  four  layers.  1  in.  each.  24-hour  Intervals. 
K.     Shot  vertically  at  one  operation.  4  In.  thick. 
I..     Shot  vertically,    four  layers.    1    In.   each.   4-hour  lnter\-al8. 

It  was  the  original  Intention  in  making  these  tests  to 
get  the  modulus  of  rupture  on  samples  A.  B.  C,  D  and  E 
and,  therefore,  provision  was  made  to  eliminate  the  pos- 
sibility of  weak  material  along  the  coniers  of  the  forms. 
It  was  further  intended  to  use  the  slabs  that  were  shot 
against  vertical  forms  to  make  compression  tests.  It  was 
found,  however,  that  the  gunite  was  so  hard  that  the  ordi- 
nary cutting  machines  would  not  suffice  to  cut  It  into 
cubes,  and  so  It  was  decided  to  use  these  slabs  for  addi- 
tional rupture  tests.  It  will  be  noted  from  the  following 
tests  that  these  slabs  did  not  show  as  good  results  as  did 
the  horizontally  shot  samples,  and  as  all  other  evidence 
warrants  the  belief  that  vertically-shot  gunite  is  slightly 
stronger  than  that  shot  horizontally,  the  assumption  has 
been  drawn  that  the  "weak"  corners  which  were  included 
in  the  area  were  responsible. 

MODt'LCS   OF   RCPTfRE. 
28  Days—  90   Days— 

\  617  average  of  3  samples  fi43  average  of  3  samples 
B  445  averatre  of  2  samples  802  average  of  2  samples 
r  384  average  of  3  samples  766  average  of  4  samples 
D  3.=i5  average  of  3  samples  621  averafre  of  3  sample.s 
E  2in  average  of  3  samples  3ns  average  of  3  samples 
F  581 

a  494 

H  550 

J  .i98 

K  699 

L  aSil 

These  results  were  obtained  by  placing  a  knife-edge  load 
on  the  center  of  each  slab  which  was  supported  on  knife- 
edge  supports,  and  the  notation  is  made.  "Every  slab 
failed  by  breaking  practically  straight  across  the  center  of 
the  span." 

-■Ml  of  these  slabs  were  shot  from  bank  .sand  having  an 
average  moisture  content  of  5.26  per  cent.  The  mechanical 
analysis  showed  73  per  cent  passing  a  No.  10  sieve.  25  per 
cent  passing  a  No.  40  sieve,  and  2.3  per  cent  passing  a  No. 
100  sieve  The  cement  used  was  a  standard  brand  of  "Val- 
ley" cement.  Tensile  tests  made  on  hand-made  briquettes 
of  this  cement  and  sand  mixed  1  to  3.  gave  an  average 
tensile  strength  of  142  lb.  per  square  Inch.  Other  Inter- 
esting data  gathered  from  these  tests  show: 

1.  That  to  625  cubic  ft.  of  dry  mixed  sand  and  cement 
fed  to  the  gun  was  added  71  cubic  ft.  of  wat^r. 

2.  The  percentage  of  dry  material  to  completed  gnnlle 
averaged  about  50  per  cent. 

3.  The  percentage  of  sand  rebound  was  about  15  to  20 
per  cent. 

4      The  voids  In  the  sand  averaged  40.7. 

Tests  were  made  on  the  total  ab.^'orplion  of  gunite  2S 
days  old;  samples  taken  from  slab  I!  showed  4.2  per  cent: 
slab  r.  3.7  per  cent,  and  slab  D.  5.5  per  cent 

Compression    Strength    and    Modulus    of    Elasticity    Tests 
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of  U.  S.  Shipping  Board. — At  about  the  same  time  that  the 
tests  were  being  made  by  Prof.  McKlbben,  the  United 
States  Shipping  Board,  in  cooperation  with  the  Bureau  of 
Standards,  began  a  very  exhaustive  set  of  tests  to  show  the 
compressive  strength  and  modulus  of  elasticity  of  gunite. 
The  engineers  of  the  board  experienced  the  same  difficulty 
as  did  Prof.  McKibben  in  cutting  the  samples  into  testing 
prisms,  but  as  the  facilities  offered  by  the  Bureau  were 
so  extensive  they  were  able  to  complete  an  extensive  pro- 
gram of  tests,  although  they  were  able  to  get  28-day  tests 
on  only  a  few  samples.  These  few  tests  showed  that  there  was 
a  very  much  smaller  proportion  of  increase  between  the 
28-day  tests  and  the  90-day  tests  than  is  usually  the  case 
with  concrete.  The  figures  herein  quoted  will  apply  to 
tests  made  on  samples  90  days  old  or  slightly  older. 

There  were  a  total  of  384  prisms  tested  and  an  analysis 
of  the  results  produces  some  very  interesting  and  instruc- 
tive data.  Two  hundred  and  four  of  these  prisms  were 
shot  against  both  vertical  and  horizontal  surfaces  with  dif- 
ferent proportions  of  mortar,  and  under  other  varying  con- 
ditions. All  samples  were  tested  with  the  breaking  load 
applied  both  perpendicularly  to  the  plane  of  the  applied 
layers,  and  also  parallel  with  these  planes.  This  was  done 
in  order  to  determine  whether  the  samples  shot  in  varying 
thicknesses  of  layers,  and  at  varying  intervals  showed 
any  difference  in  strength  resulting  from  possible  weakness 
of  bond. 

The  average  ultimate  compressive  strength  of  all  of 
these  204  prisms  was: 

Tested  perpendicularly 4.470  lb.  per  sq.  in. 

Tested  parallel 4,258  Ih.  per  sq.  in. 

.  The  other  180  prisms  were  shot  through  heavy  screens 
of  reinforcing,  the  object  being  to  determine  the  strength 
of  gunite  behind  the  reinforcing  bars.  These  samples,  shot 
against  both  horizontal  and  vertical  surfaces,  showed  a 
strength  of: 

Tested  perpendicularly 4.341  lb.  per  sq.  in. 

Tested  parallel 4,5.>1  lb.  per  sq.  in. 

Of  the  180  prisms,  21  ot  these  were  shot  against  hori- 
zontal  surfaces  and  showed: 

Tested  perpendicularly 4.724  lb.  per  sq.  in. 

Tested  parallel 4,.i21  lb.  per  sq.  in. 

159   were   shot   against  vertical   surfaces   with   results: 

Tested  perpendicularly 4.2!)1  lb.  per  sq.  in. 

Tested  parallel 4.532  lb.  per  sq.  in. 

Of  the  204  prisms  above  referred  to,  168  were  shot 
against  vertical  surfaces,  and  the  average  of  the  samples 
showed: 

Tested  perpendicularly 4,500  lb.  per  sq.  in. 

Tested  parallel 4. 283  lb.  per  sq.  in. 

The  other  36  prisms  were  shot  against  horizontal  sur- 
faces with  the  result  of  an  average: 

Tested  perpendicularly 4.345  lb.  per  sq.  in. 

Tested  parallel 4.142  lb.  per  sq.  in. 

In  this  case  if  is  noted  that  the  samples  tested  perpen- 
dicularly showed  more  strength,  which  is  what  is  to  be 
expected,  when  it  is  recalled  that  the  layer  or  film  ot  dust 
that  settled  on  a  horizontal  surface  precluded  a  perfect 
adhesion  between  the  various  layers,  but  even  this  differ- 
ence is  so  slight  as  not  to  be  reckoned  with. 

A  further  analysis  will  show  results  that  are  of  still 
greater  interest  and  benefit  in  determining  what  can  be 
done  with  the  material  in  actual  practice.  Although  it  is 
not  considered  good  practice  ordinarily  to  place  as  heavy 
a  layer  as  6  in.  of  gunite  at  one  operation,  due  to  the  ten- 
dency of  gravity  to  break  it  down,  still  this  was  done  in 
these  tests,  and  the  results  of  18  prisms  shot  against  a 
vertical    surface   showed: 

Tested  perpendicularly 4,631  lb.  per  sq.  in. 

Tested   parallel 4,490  lb,  per  sq.  in. 

Forty-eight  prisms  were  shot  aganist  vertical  surfaces 
in  three  layers  of  2  in.  each  at  varying  intervals,  and  the 
results   were:' 

Tested  perpendicularly 4.454  lb.  per  sq,  in. 

Tested   parallel 4.073  lb.  per  sq.  in. 

One  himdred  and  two  prisms  were  shot  against  vertical 
surfaces  in  six  layers  of  1  in.  each,  at  varying  intervals,  and 
the  test  showed: 

Tested  perpendicularly 4.492  lb.  per  sq.  in. 

Tested   parallel 4.336  lb.  per  sq.  in. 

It  will  be  of  interest  to  compare  the  two  last  referred 
to  results.     The  results  of  the  six  layers  showed  that  the 


strength  of  the  sections  were  practically  identical  each 
way,  while  the  results  from  the  three  layers  showed  a  dif- 
ference in  favor  of  the  samples  tested  perpendicularly.  Of 
the  samples  tested,  however,  about  half  showed  a  greater 
strength  under  parallel  testing,  which  offsets  any  pre-dis- 
position  to  suppose  that  these  results  are  an  evidence  of 
weakness. 

Of  the  samples  shot  against  horizontal  surfaces  15  were 
shot  in  a  single  operation,  or  6  in.  thick.     They  resulted: 

Tested  perpendicularly 4,470  lb.  per  sq.  in. 

Tested   parallel 3,92S  lb.  per  sq.  in. 

Eighteen  prisms  were  shot  in  three  layers  of  2  in.  each, 
and   showed: 

Tested  perpendicularly 4,090  lb.  per  sq.  in. 

Tested   parallel 4,123  lb.  per  sq.  in. 

Only  three  prisms  were  shot  in  six  layers  of  1  in.  each, 
with  results: 

Tested  perpendicularly 5,250  lb.  per  sq.  in. 

Tested    parallel 5,320  lb.  per  sq.  in. 

In  making  a  further  analysis,  it  is  interesting  to  develop 
the  fact  that  the  difference  in  intervals  between  layers  of 
gunite  when  properly  applied,  against  surfaces  that  have 
been  thoroughly  wetted,  produces  very  little  variation  in 
strength. 

Six  of  the  vertical  prisms  were  shot  with  1  to  3  mixture 
in  three  layers  with  72  hours  intervening.  They  showed 
a  strength: 

Tested  perpendicularly 3. 7,55  lb.  per  sq.  in. 

Tested    parallel 3,485  lb.  per  sq.  in. 

Inasmuch  as  most  of  the  samples  discussed  above  were 
shot  at  24-hour  intervals,  the  comparison  is  apparent. 

It  developed  in  this  work  that  rich  mixtures  under  nor- 
mal treatment  developed  shrinkage  cracks. 

Forty-five  prisms  shot  vertically  with  a  mixture  of  one 
part  cement  and  two  parts  sand  (or  aggregate)  resulted: 

Tested  perpendicularly 4,819  lb.  per  sq.  In. 

Tested    parallel 4,652  lb,  per  sq.  in. 

while  with  a  mixture  of  1  to  2i<  six  samples  showed: 

Tested  perpendicularly 4. 783  lb,  per  sq,  in. 

Tested    parallel 4,500  lb.  per  sq.  in. 

On  the  other  hand  the  1  to  3  mortar  showed  in  105  prisms 
a  test  of: 

Tested  perpendicularly 4,266  lb.  per  sq.  in. 

Tested    parallel 4,006  lb.  per  sq.  in. 

It  would,  therefore,  seem  that  the  most  advantageous 
mixtures  are  1  to  2 ',4  for  work  demanding  high  water  re- 
sisting qualities  and  1  to   3  tor  ordinary   conditions. 

Some  samples  were  developed  with  the  use  of  aggregate 
ranging  up  to  i ;  in.,  on  the  assumption  that  the  larger  ma- 
terial would  show  greater  strength,  as  is  the  case  with 
concrete.  As  the  work  progressed,  the  results  showed  that 
here  was  no  advantage  and  that  a  well-graded  mixture,  % 
in.  and  under,  best  satisfied  all  conditions.  As  a  matter  of 
fact,  some  excellent  results  were  obtained  by  using  Po- 
tomac River  sand  directly,  without  any  attempt  at  gradu- 
ation. This  sand  was  of  about  the  same  character  as  that 
analyzed  above  in  the  report  of  the  Lehigh  University,  and 
is  what  is  termed  "a  good  concrete  sand." 

A  study  of  these  results  will  show  that  a  safe  assump- 
tion for  1  to  2i/^  gunite  will  be  4,500  lb.  per  square  inch 
ultimate  compressive  strength,  and  for  1  to  3  gunite  4,000 
lb.  per  square  inch. 

In  developing  the  modulus  of  elasticity,  it  wa^  not  pos- 
sible to  test  as  many  samples  as  for  compression,  but  the 
results  obtained   were   highly   instructive   and   beneficial: 

Three  prisms  were  made  of  1  to  2  gunite  and  showed  an 
average  modulus  at  90  days  of  5,417,000  lb. 

Two  of  1  to  2r4  gunite  were  tested  at  90  days  and  showed 
an  average  of  4,670,000  lb. 

Eight  tests  were  made  on  prisms  of  1  to  3  gunite  with 
an  average  result  of  4,705,000  lb. 


Only  27  Per  Cent  of  Capacity  of  Fabricating  Shops  Con- 
tracted for  in  November. — Structural  activity  in  Novem- 
ber, as  indicated  by  the  records  of  the  fabricating  shops, 
was  at  the  lowest  point  in  four  years.  The  records  of 
the  Bridge  Builders'  and  Structural  Society,  as  collected 
by  its  secretary,  show  that  during  the  month  27  per  cent 
of  the  entire  capacity  of  the  bridge  and  structural  shops 
ot  the  country  was  contracted  for. 
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Formulas  for  Design  of  Wedge- 
Shape  Reinforced  Concrete 
Footings 

By  R.  P.  DAVIS, 
liridge  Kngineer,   West  Virginia  Stale  Road  Commlsalon. 

In  tbe  design  of  wedge-sbape  relnforced-concrete  footings 
the  usual  formulas  for  reinforced  concrete  must  be  some- 
wbat  modified.  If  f,  represents  the  maximum  allowable 
compression  on  the  concrete,  the  permissible  maximum 
stress  on  a  vertical  plane  must  be  fc  cos'oc.  where  oc  is 
the  angle  which  the  upper  surface  of  the  concrete  makes 
with  the  horizontal.  This  is  for  the  reason  that  the  true 
maximum  stress  occurs  on  a  plane  perpendicular  to  the 
upper  surface  and  not  on  a  vertical  plane.  This  principle 
is  well  understood  in  the  design  of  dams,  but  is  not 
brought  out  in  most  texts  on  concrete  design. 

The  relation  between  the  maximum  stress  and  the  stress 
on  a  vertical  plane  can  be  demonstrated  as  follows:  Tak- 
ing a  differential  mass  of  thickness  unity  (Fig.  1)  as  a 
free  body  and  denoting  the  intensity  of  normal  stress  on 


the  more  commonly  ub^  formulas, 

V                          V 
V  ^ and  u  = 


F'S' 


b  ]d  ::o  ]d 

Taking  an  element  of  the  beam  dx  long  and  thickness  b. 
perpendicular  to  the  plane   (Fig.  2),  tbe  total  stress,  S,  In 

M 

the  steel  on  the  plane  AB  is  S^ ,  where  M  Is  the  bend- 

Jd 

M 

iiiK  niomfnt  in  the  section,  and  likewise  S' = .    At 

J (d  +  dy) 
any  point  the  intensity  of  diagonal  tension  eiiuals  the  in- 
tensity of  horizontal  shear  and  an  expression  for  the  lat 
ter  may  be  obtained  by  taking  the  part  below  any  plane 
V.V  as  a  free  body — this  plane  being  below  the  neutral  axis. 
IMaoing  i:  X  equal  to  zero. 

M'  M 

vb  dx^ 

J(d  +  dy)       jd 
M— M             M  dy 
vb  dx = 


j(d  +  dy) 
dM 


d(d  +  dy» 
Mdy 


b  dx  J(d  +  dy)        bjd(d  +  dy)  dx 
But  dM  /dx  =  V  and  dy/dx  =:  tan  ex  ;  dy  may  be  dropped  from 
the  denominator  since  It  is  a  differential  quantity  while  all 
V  M  tan  oc 

others  are  finite.    Hence,  v  = 

b  jd  bjd= 

Since  all   the  shear  goes  into  the  steel  in  the  form  of 
bond,  if  u  is  the  unit  bond  stress, 
u  dx2o  =  v  dx  b 

Vb  V  M  tan  a 


the  vertical  plane  by  f'..  since  the  sum  of  the  horizontal 
forces  on  the  free  body  must  equal  zero,  it  is  evident  that 
the  total  shear  on  the  plane  AB  must  be  fc  dy,  and  its  in- 

dy 
tensity,   fc  — .     As   the   unit   shear,   at   any   point,   on   two 

dx 
planes  at  right  angles  to  each  other  must  be  equal,  it  fol- 

dy 
lows   that   the  intensity  of  shear  on  BC  is  elso  fc  —  and 

dx 
dy» 
the  total  shear  is  f.  ^— .     The  resultant  stress  on  the  plane 

dx 
BC  equals  the  square  root  of  the  sum  of  the  squares  of 
the  shear  and  normal  stresses  or  fc  dy  sec  oc.  Now.  tak- 
ing the  part  BCD  as  a  free  body,  to  maintain  equilibrium  it 
is  evident  that  the  total  stress  on  the  plane  BD  must  be 
the  same  as  that  on  BC  and  as  its  length  is  dy  cos  oc,  the 
intensity  of  stress  on  It  will  be  fc  sec'cc.  It  can  easily  be 
shown  that  this  stress  is  normal  to  the  plane.  Calling  this 
intensity  fc  It  follows  that  fc  equals  fc  cos'a.  It  Is  to  be 
noted  that  the  shearing  intensity  on  a  vertical  plane  equals 
the  normal  Intensity  multiplied  by  the  tan  cc. 

With  this  reduced  value  of  fc  the  depth  to  tbe  steel  and 
the  amount  of  reinforcement  may  be  determined  by  the 
usual  formulas. 

Using  the  standard  nomenclature  for  reinforced  concrete 
and  making  the  usual  assumption  that  the  steel  takes  all 
the  tension,  the  proper  formulas  for  diagonal  tension  and 
bond  in  wedge-shape  footings  are,   rcspoctively — 
V         M  tan  oc  V  M  tan  a 

■v  = and  u  ■=■ ,    instead    of 

bjd  bld=  So  jd        So  jd' 

(121) 


So  So  jd        Eo  jd= 

The  following  problem  taken  from  "Foundations  of 
Bridges  and  Buildings,"  Jacoby  and  Davis,  illustrates  the 
application  of  the  above  formulas.  Let  Fig.  1  represent  a 
section  of  wall  footing  on  which  the  load  is  64,000  lb.  per 
lineal  ft.  and  the  allowable  bearing  on  the  soil  4,000  lb. 
per  square  foot.  The  width  of  footing  will  therefore  be 
16  ft.  Designing  tbe  footing  at  three  sections,  a,  5H 
ft.  from  the  center,  b.  3  ft.  from  the  center  and  c.  1  ft. 
from  the  center,  the  shears  will  be,  respectively.  10.000, 
20.000  and  28.000  lb.  and  the  bending  moments,  150,000. 
fiOD.OOO  and  1,176,000  lb.  in.  X'slng  an  allowable  fibre 
stress  in  the  steel  of  16.000  lb.  per  sq.  in.  and  a  maximum 
allowable  stress  on  the  concrete  of  650  lb.  per  sq.  in.,  re- 
duced to  an  assumed  value  of  600  on  the  vertical  plane,  the 
value  of  R  to  be  used  in  the  formula  d  —  M/Rb  will  be 
95  (Principles  of  Reinforced-Concrete  Construction,  Tur- 
neaure  and  Maurer).  From  this  formula  the  depth  to  the 
center  of  the  steel  at  the  points  a,  b  and  c  will  be,  respec- 
tively, 11.5,  2^  and  :t2.1  in.  Using  a  depth  of  6  in.  at  the 
outside  the  section  shown  in  Fig.  1  will  be  adopted,  as  this 
makes  all  depths  slightly  larger  than  required.  Tan  oc 
will  be  26.25/84  =  .312  and  cos  cc  =  .954.  Hence  the  allow- 
able stress  on  the  vertical  plane  is  650  x  .9542  =  590.  which 
shows  that  the  assumed  value  of  600  is  satisfactory. 
M 

Using    the    formula    A8  = the    areas    of   the    steel 


r.  Id 

sections   will   be  .69.     1.72     and     2.59     sq.     in.     Using     a 
bar  spacing  of  3  In.  the  required  sectional  area  of  each  bar 
2.60  13 

will  b(-  =  .65  sq.  in.,  which  calls  for  a  —  inch  square 

4  16 

bar.     As  the  required  area  Is  less  at  points  a  and  b  all  bars 
need   not   extend  the  full   width. 
The  unit  bond  stress  at  c  will  be 

28000  1.176,000  x  .312 

u  = ■ =  45  lb.  per  sq.  in. 

13  X  .88  X  32.25        13  x  .88  x  (32.25)' 
and  the  diagonal  tension  will  be 
uSo  45  X  13 

V  r= =  ^  49  lb.  per  sq.  In. 

b  12 
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Had  the  regular  formulas  been  used  the  values  of  the  bond 
and  diagonal  tension  would  have  been  76  and  82  lb.  per 
sq.   in.  respectively. 

To  demonstrate  the  correctness  of  the  above  formula 
for  bond  it  is  evident  that  the  difference  in  the  total  stress 
in  the  steel  at  sections  b  and  c  equals  the  total  bond  stress. 
As  the  unit  bond  at  b  is  almost  the  same  as  at  c,  this  total 
bond  between  b  and  c  is  13  x  45  x  24  =  14,000  lb.  The  dif- 
ference in  the  total  steel  stress  is  (2.59  — 1.72)  16,000  = 
13,900  lb.,  which  checks  closely  with  14,000. 

It  will  be  noted  that  the  shearing  stress  at  the  top  is 
fo  tan  oc  =590  X. 312  =  174  lb.  per  sq.  in.  Although  the 
shearing  intensity  is  usually  limited  to  120  lb.  per  sq.  in. 
this  value  is  safe  as  the  shearing  strength  of  concrete  is 
approximately  one-half  its  compressive  strength.  It  is  only 
where  the  resultant  of  the  horizontal  and  vertical  shear 
results  in  a  tension  on  oblique  planes  that  the  unit  shear 
need  be  limited  to  120  lb.  per  sq.  in. 


Methods  of  Cold  Weather  Concreting  at 
Troy  Lock 

In  order  to  complete  the  Government  lock  and  dam  at 
Troy,  N.  Y..  within  the  specified  time  it  was  found  neces- 
sary to  carry  on  concrete  work  in  the  lock  during  the  win- 
ter of  1914-15.  The  various  expedients  employed  to  pre- 
vent damage  to  the  concrete  from  the  frost,  were  described 
by  Mr.  D.  A.  Watt,  Assistant  Engineer,  in  the  September- 
October  Professional  Memoirs,  from  which  the  matter  fol- 
lowing is  abstracted. 

When  the  temperature  fell  below  about  50°  F.,  the  sand, 
gravel  and  water  used  in  the  concrete  were  heated.  A 
steam  jet  placed  in  the  water  tank  of  the  concrete  mixer 
sufficed  to  heat  the  water.  The  sand  and  gravel  were  heated 
by  steam  jets  located  at  the  bottom  of  the  bins  of  the 
mixer.  The  steam,  escaping  upward  through  the 
mass,  made  this  method  very  effective,  even  when  the 
mixer  was  running  to  full  capacity.  When  running  slowly, 
however,  it  was  sometimes  necessary  to  reduce  the  sup- 
ply of  steam,  as  it  made  the  concrete  too  hot  for  the  men 
to  work  in  the  forms,  and  in  confined  forms  resulted  in  so 
much  vapor  that  the  men  could  not  see  properly. 

This  method  was  also  used  on  the  construction  of  the 
dam,  when  toward  the  end  of  the  working  season  the  tem- 
perature fell  below  moderate.  As  the  river  water  was 
shortly  to  be  allowed  to  flow  over  the  new  section  of  the 
dam,  it  was  necessary  to  harden  the  concrete  rapidly,  and 
this   method  proved  very  effective. 

When  the  temperature  fell  below  freezing,  additional  pre- 
cautions were  taken.  Lighted  lanterns  were  placed  on  top 
of  the  green  monolith:  and  large  improvised  steam  radi- 
ators, made  of  a  few  coils  of  3-in.  pipe,  were  hung  close 
along  the  side  of  the  forming;  the  whole  was  then  covered 
with  a  paulin,  and  so  left  for  about  48  hours.  Loss  of  heat 
by  radiation  from  steel  forms  is  much  greater  than  from 
wooden  forms. 

Concreting  was  carried  on  without  special  difficulty  under 
occasional  temperatures  not  far  from  zero,  and  the  tempera- 
ture of  the  concrete  when  delivered  in  the  forms  was 
rarely  less  than  60°  F.  The  steam  coils  and  tarpaulins 
were  usually  kept  in  place  for  about  48  hours,  when  the 
concrete  had  set  sufficiently  to  allow  the  forms  to  be  taken 
down.  The  lifts  or  thickness  of  courses  ran  from  3  or  4  to 
about  10  ft. 

Difficulties  also  arose  from  the  surface  freezing  of  the 
sand  and  gravel  storage  piles,  on  which  the  cold  would 
sometimes  produce  a  frozen  crust  of  a  foot  or  more,  ham- 
pering the  operation  of  the  excavating  bucket.  This  was 
overcome  by  using  steam  pokers,  consisting  of  li^-in.  steam 
pipe  about  10  ft.  long  pointed  at  one  end  and  having  a  few 
small  holes.  Two  or  three  of  these  would  be  worked  into 
the  storage  pile  over  night  near  its  base,  its  surface  being 
covered  with  tarpaulins.  The  expenditure  of  a  very  small 
amount  of  steam  would  heat  by  morning  all  the  material 
within  several  feet  of  the  pokers,  and  melt  all  the  adjacent 
frozen  crust. 


Time-Saving  Method  for  Investi- 
gating Old  Railway  Bridges 
for  Heavier  Loading* 

It  was  formerly  the  common  practice,  when  a  new  en- 
gine loading  was  up  for  consideration,  to  investigate  all 
the  light  bridges  involved.  Stresses  throughout  the  struc- 
ture for  this  loading  were  figured  and  a  decision  then  made 
as  to  whether  or  not  the  load  could  be  handled  safely.  Each 
time  a  new  loading  came  up  for  consideration  the  process 
was  repeated  and  little  or  no  use  made  of  the  previous 
computations. 

The  present  practice  on  the  Chicago,  Milwaukee  &  St. 
Paul  is  to  make  an  investigation  or  "classification"  of  each 
structure.  Its  carrying  capacity  is  determined  in  terms  of  a 
standard  series  of  train  loadings.  New  engine  and  car  load- 
ings that  come  up  tor  consideration  are  classified  in  the 
same  series  of  standard  loadings,  and  is  then  a  matter  of 
direct  comparison  to  tell  whether  such  proposed  loadings 
can  be  handled  over  the  various  bridges  safely.  Every 
bridge  which  is  known  to  be,  or  suspected  of  being,  over- 
loaded is  thus  classified. 

In  making  these  classifications  it  is  necessary  to  estab- 
lish the  maximum  unit  stresses  to  which  the  various  ma- 
terials can  safely  be  subjected.  For  the  different  mate- 
rials these  maximum  safe  stresses  are  taken  as  near  the 
limit  of  strength  of  the  material  as  is  considered  safe.  The 
maximum  safe  stresses  must  be  made  low  enough  so  there 
is  no  danger  of  the  material  yielding,  altering  its  character 
or  reducing  the  strength  to  carry  loads  after  being  sub- 
jected to  this  limiting  stress  for  any  number  of  times. 

As  an  illustration  of  what  may  be  considered  as  safe  lim 
iting  unit  stresses,  the  following  are  given  and  may  be 
taken  to  apply  where  the  design  and  physical  condition  of 
the  structure  are  known  to  be  first  class: 

AVroug-Kt  iron.     Steel. 
L,b.  per  sq.  in. 
Beams   and    girders.    flVier   stress    in   bending. .     22,000  26,000 

Truss    members,    tension   on    net    section 20,000  24,000 

Timber  stringers,  fiber  stress  in  bending 2.000  

(With  suitable  reduction  for  age  for  exposed  timber  over  6  or 
S  years   old.) 

In  fixing  upon  limiting  unit  stresses  for  loading  old 
bridges,  it  is  necessary  to  take  into  account:  (1)  the 
character  of  design,  (2)  the  character  of  workmanship,  (3) 
deterioration,  (4)  action  under  load,  (5)  speed  likely  to 
obtain  over  the  structure  and  confidence  as  to  the  observ- 
ance of  any  speed  restrictions  that  may  be  imposed,  (6) 
element  of  certainty  as  to  the  assumed  loading  being  the 
maximum  to  which  the  bridge  will  be  subjected,  (7)  im- 
portance of  traffic,  and  the  hardship  which  might  result 
from  temporary  disablement  of  the  structure,  (8)  the  prob- 
ability of  early  renewal  on  accoimt  of  change  of  line,  etc., 
(9)  judgment  liased  upon  all  of  the  factors  surrounding 
the  bridge,  its  location,  service  and  condition. 

In  the  systematic  investigation  of  a  large  number  of 
bridges,  it  is  necessary  to  have  a  unit  loading  as  a  basis 
of  comparison.  The  familiar  Cooper's  series  of  standard 
train  loadings  furnishes  a  convenient  and  well-known  basis. 
On  account  of  the  fixed  wheel  arrangement  for  all  the 
classes  and  the  proportionality  of  wheel  loads,  it  follows 
that  the  stresses  in  all  parts  of  bridges  on  account  of  these 
loadings  are  directly  proportional  to  the  classes;  that  is, 
the  stresses  in  every  part  of  the  structure,  for  Class  E-50 
loading  will  be  just  50  times  the  stresses  for  Class  El 
loading. 

In  addition  to  the  direct  weight  of  the  engine  and  car- 
loads or  live  loads,  certain  other  effects  must  also  be  taken 
into  account.  These  include  the  impact  action  of  moving 
loads,  centrifugal  forces  which  tend  to  throw  a  larger  pro- 
portion of  the  load  on  the  outside  of  the  curve,  and  trac- 
tion which  is  a  force  exerted  along  the  track  due  to  the 
traction  of  the  locomotive  or  to  setting  the  brakes  on  the 
*  train.  In  determining  the  maximum  live  loads  which  can 
be  handled  over  any  structure,  it  is  necessary  to  make 
proper  allowance  for  these  extra  effects  of  the  live  loads. 
It  is   also   necessary  to   take   account    of    the    dead   load 

•From  a  paper  by  C.  P.  Loweth,  Chief  Engineer,  C,  M.  & 
St.  P.  Ry  .  presented  Oct.  16  at  the  convention  of  the  .American 
Railway  Bridge  and  Building  .\ssociation. 


ri22) 


Decenil)er  25.  I'MS. 


KXiilNEKKlNi.    AND    LOX  IKACl  IN' . 


stresses  due  to  the  weight  of  the  slrui-ture  Itself  aiul  wliiii 
stresses  due  to  the  effect  of  wind   pressure. 

The  general  method  of  InvesflnatiiiK  any  part  of  the 
bridge   and   iiiuking  a   clus^itlcalion   Is  as   (ullowa: 

1.  The  maximum  allownhle  stress  is  determined  which, 
in  the  simpler  cases.  Is  the  cross  sectional  area  of  the 
meniLer   luuliiplied   by   the  limiting   unit  stress  allowed. 

2.  Deduct  from  this  the  stress  In  the  part  due  to  dead 
load  and  wind  load.  The  remainder  gives  the  allowable 
stress  for  the  live  load  effect 

3.  Divide  this  by  the  stress  for  unit  live  load  (Class  E-1) 
which  gives  the  classittoallon  for  allowed  live  load,  if  at 
rest    drain  standing  on  the  bridge). 

i.  Divide  this  classitlcation  by  the  term  which  takes  into 
account  the  extra  effects  of  the  live  loads,  due  to  Impact 
and  centrifugal  force,  the  result  being  the  classification  of 
the  allowed   live   load   at   full   speed. 

As  an  illustratinn  of  this  general  method,  assume  thai 
a  bridge  member  has  a  sectional  area  of  8  sq.  In.  Also  as 
sume  that  the  clrcumstauoes  warrant  the  limiting  unit 
stre.is  of  24.0011  lb.  per  square  inch,  so  that  the  total  al- 
lowable stress  is  192.000  lb.  Assume  that  the  total  dead 
load  stress  Is  17.000  lb.,  and  that  the  wind  load  is  so  small 
th:ii  it  may  be  neglected.  The  total  r\llowable  stress  avail- 
able for  the  live  load  is  then  192.imi0  lb.  —  17.000  lb.  = 
175.000  lb.  Assume  also  that  the  stress  in  the  member 
for  the  Class  "E-1"  loading  as  determined  by  the  usual 
method  for  computing  stresses  in  bridges  is  1.890  lb.  Th.^ 
total  allowable  live  load,  if  at  rest  is.  thCTefore. 
175.000 

=  E  92.1 

1890 
.\s>'iiKf    tliai    the    impact    as    determined    by    the    ordinar> 
lorinula    for    the    given  case    equals  0.865  of  the  live  load. 
Then  if  there  is  no  centrifugal  force  and  if  LL  represents 
the  net  live  load  at  full  speed 

LL-i-  0.865  LL  =  E  02.1 

E92.1 
LL  =  — —  =  E  55.2 
1.865 
which   reiiresents   the  classification  of  the  member  at  the 
assumed   unit    stress. 

The  Class  "E"  loading  above  described,  is  an  assumed 
typical  loading.  Actual  engine  and  car  loadings  vary  a 
great  deal  with  the  spacing  of  the  wheels  and  the  distribu- 
tion of  the  weight  on  the  various  wheels.  The  effects  of 
various  loadings  on  bridges  are  not  in  direct  proportion 
to  the  weight  of  the  engine  or  cars,  but  depend  on  the 
number  of  wheels,  the  spacing  of  the  wheels,  the  distri- 
bution of  weight,  etc.  .\ctual  engine  loadings  can,  how- 
ever, be  reduced  to  equivalents  in  the  standard  train  load- 
ings corresponding   to  the  different   span   lengths. 

This  is  done  by  computing  the  maximum  bending  mo- 
ments and  end  shears  for  the  given  train  loading  for  each 
span  length.  These  are  divided  by  the  maximum  bending 
moments  and  end  shears  for  the  unit  Class  "E-1"  loadine 
for  the  corresponding  span,  the  result  being  the  classifica- 
tion of  the  loading.  As  an  illustration  of  classifications 
of  various  loadings  a  diagram  is  given  which  shows  the 
classification  of  several  of  the  new  United  States  stand- 
ard locomotives. 

Ir.  the  foregoing,  the  classification  has  been  determined 
with  an  allowance  for  the  effect  of  the  maximum  speed 
over  bridges.  Where  speed  is  reduced  the  effects  of  the 
live  load  are  much  less  and  the  allowance  for  impact  and 
centrifugal  forces.  If  any,  may  te  correspondingly  reduced. 
This  will  permit  heavier  loadings  Id  be  operated  at  re- 
duced speed  than  at  full  speed.  From  the  tests  conducted 
by  the  American  Railway  Engineering  Association,  it  Is 
found  that  the  maximum  Impact  which  will  be  obtained  at 
reduced  speed  is — 


l,ei^n  than  Jt*^  per  cent  for  a 

LeHj«  than   i^  per  n-nt  for  a 

L«fiH  Than  Tiii  Jjit  crnt  for  n 

!>*«*»  than  r>'.  p«-r  cfnt  for  a 


hour, 
tiour. 
hour, 
hour. 


An  in<«pec;loii  ol  the  illagram  indicates  that  the  effective 
span  of  the  bridges  and  the  characteristics  of  the  engine 
loadings  determine  in  a  very  large  way  whether  or  not  the 
given  loading  can  be  run  over  the  bridge,  and  that  it  is 
unsafe  to  base  such  conclusions  simply  uo  a  knowledge  of 
the  total  weight.  Unfortunately  it  is  assumed  by  some 
officers  that  the  effect  of  all  locomntives  of  the  same  total 
weight  Is  the  same.  If  this  practice  must  be  resorted  to. 
the  limits  set  must  be  on  a  very  con.servative  basis,  other- 
wise there  will  be  danger  of  producing  unsafe  conditions. 
This  practice  also  would  not  be  economical  because  it 
might  lead  either  to  t!ie  premature  renewal  of  some  bridges 
or  to  the  unnecessary  ruling  off  of  certain  types  of  engines. 

In  older  bridges  there  are  certain  parts  where  low  classi- 
fication can  usually  be  expected.  The.se  have  been  found 
to  occur  most  often  in  the  lightest  members  of  the  struc- 
ture   and    members    which    carry     ib-'     suialli-si    <t.-:iil    luaii 


Where  the  classification  of  the  bridge  indicates  that 
some  loadings  which  might  be  desired  to  run  cannot  bf 
handled  at  full  speed,  the  classification  for  certain  reduced 
speed   should   be   worked   out. 

(123) 


Classification 


stresses.  Thus  it  is  found  that  the  floor  systems  of  bridges 
have  generally  a  lower  classification  than  girders  or  the 
chords  of  trusses. 

The  low  classification  of  stringers  is  generally  in  the 
section  of  the  flanges  near  the  center,  in  the  riveting  in 
flanges  near  the  ends  of  stringers,  particularly  if  they 
are  shallow,  and  in  the  riveting  in  connections  of  the 
stringers  to  the  floor  beams.  In  plate  girders  the  flanges 
frequently  show  low  cla.ssifications  at  points  where  the 
web  is  not  fully  spliced  near  the  center  and  at  points  near 
the  ends  of  cover  plates.  The  flange  riveting  near  the 
ends  of  girders  frequently  has  a  low  classification,  par- 
ticularly where  the  girders  are  shallower  at  the  ends. 
Webs  of  plate  girders  show  low  classification  near  the 
ends  of  the  girders  where  there  is  a  relatively  large  ex- 
panse pt  web,  unsupported  by  stiffeoers.  The  web  splices 
near  ijie  end  of  the  span  have  a  low  classification  where 
only  (Jne  line  of  rivets  is  used  in  each  side  of  the  spllc«. 

In  trusses,  the  posts  and  diagonals  near  the  center  of 
the  spai^  usually  show  a  low  classification  This  is  par- 
ticularly true  of  the  diagonals  and  counter-diagonals  of 
light  eye-hars  or  loop  rods.  Suspenders,  or  hip  vertical 
members,  frequently  have  a  low  classification.  The  classi- 
fication of  end  posts  at  top  chords  of  truss  bridges  Is  fre- 
quently Iqvi-  on  account  of  the  eccentricity  of  the  member 
with  resppct  to  the  location  of  the   pin. 

The  pins  of  old  truss  bridges  frequently  show  a  snr- 
prlslngly  |ow  clasfciflcallon  where  computations  are  made 
in  accorda\lce  with  the  usual  methods  and  It  Is  necessary 
to  take  adyantage  of  certain  conditions  which  are  more 
favorable  th^jo  the  usual  assumptidn  to  help  out  the  classi- 
fication. In  tlQiber  truss  bridges  the  lowest  classification 
usually  occurs  if^  the  fioor  beams,  truss  rods  and  diagonal 
braces. 

It  has  been  foimd  that  metal  bridges  suffer  freqiientl.T 
from  corrosion  at  M)P  top  flanges  of  stringers  and  floor 
beams  on  account  ol  the  action  of  brine  drippings  from 
refrigerator  cars.  In  ))rldges  where  ties  are  supported  on 
shelf  angles  riveted  t^  the  web  of   the  girders,   the  shelf 
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iingles  frequently  show  consiclei'able  corrosion  and  tend  to 
break  at  the  root  of  the  angle.  In  pin  connected  trusses, 
excessive  wear  sometimes  takes  place  in  the  pin  bearings, 
particularly  in  drawbridges. 

Possible  deterioration  of  the  structure  of  the  metal  it- 
self has  been  a  matter  of  apprehension  in  some  quarters, 
but  it  now  seems  to  be  recognized  that  no  such  integral 
deteriorating  action  takes  place  where  the  bridge  has  not 
been  subjected  to  excessively  high  stress.  If  crystalliza- 
tion is  found  in  the  metal  of  a  structure,  it  probably  was 
there  at  the  time  the  structure  was  built,  on  account  of 
improper  methods  of  manufacture  of  the  material.  It  may, 
therefore,  be  taken  as  a  certainty  that  iron  and  steel 
bridges,  if  not  reduced  in  section  by  rust,  etc.,  and  if  not 
shaky  on  account  of  inadequate  bracing,  are  fully  capable 
of  carrying  the  figured  loads  at  reasonable  limiting  unit 
stress  provided  they  are  carefully  inspected  and  properly 
maintained. 


U.    S.    Employment    Service    Establishes 

Community   Labor    Bureaus    for 

Soldiers  and  War  Workers 

With  the  cooperation  of  the  national  welfare  organiza- 
tions, the  government  agencies  interested  in  demobilization, 
and  local  community  organizations  of  all  kinds,  the  United 
States  Employment  Service  is  establishing  a  Bureau  for 
the  returning  soldiers,  sailors  and  war  workers  in  every 
city  and  town  in  the  United  States.  It  also  has  stationed 
qualified  representatives  in  all  army  camps  and  posts  in 
this  country  to  acquaint  soldiers  with  the  facilities  for 
assisting  them  to  suitable  employment  after  they  leave 
camp.  The  reconstruction  program  of  the  Employment 
Service  links  up  all  national  and  local  efforts,  both  gov- 
ernmental and  private,  and  centralizes  in  every  commu- 
nity, through  these  local  bureaus,  all  information  as  to 
proper  openings  in  industry,  commerce  and  agriculture 
available  to  the  nation's  fighters  and  war  workers.  The 
cabinet  officials  most  concerned  with  demobilization  have 
taken  steps  to  keep  intact  the  field  machinery  of  the  de- 
fense council  so  that  it  may  be  utilized  by  the  Department 
of  Labor  and  its  Employment  Service  in  carrying  out  the 
replacement  program  Their  action  brings  to  the  Employ- 
ment Service's  aid  a  total  of  184.000  local  units,  among 
them  being  the  State  Councils,  4,000  community  coimcils, 
and  16,000  women's  organizations. 


Building  Construction   to   Promote  Em- 
ployment and  Stimulate  Industrj^ 

For  the  next  year  or  two  we  will  be  passing  throijgh  a 
stage  of  transition  in  connection  with  trade,  comaierce, 
immigration,  labor  and  all  forms  of  industry.  Therei  will 
also  be  changes  in  economic  conditions  from  the  present 
somewhat  artificial  state  caused  by  the  war.  -nHow  to 
stabilize  industrial  conditions,  provide  employment  in  re- 
productive undertakings  and  spend  every  dollar  to  the  best 
advantage  in  building  up  the  country  is  the  supreme  task 
of  the  next  few  years.  There  would  appear  to  be'no  doubt 
that,  by  whatever  means  it  is  to  be  accomplished,  the  stim- 
ulation of  building  is  one  of  the  best  methods  of  promoting 
employment  and  stimulating  industry.  It  will  be  particu- 
larly valuable  as  a  means  of  employing  men  displaced  as  a 
result  of  cessation  of  industries  which  have  been  engaged 
in  war  production,  and  returned  soldiers.  Besides  forming 
a  field  of  employment  of  these  classes  it  will  assist  the  re- 
turned soldier  in  obtaining  cheaper  and  better  shelter  for 
himself  and  family  in  proximity  to  his  flace  of  employ 
meut.  Under  present  conditions  returned  men  will  find 
it  almost  impossible  to  obtain  suitable  accommodation  and 
this  may  give  rise  to  serious  discontent. — Thomas  Adams, 
Town  Planning  Advisor,  Canadian  Conservation  Commis- 
sion, in  an  address  at  the  7th  National  Conference  on 
Housing. 


Steel  Makers'  Select  List  of 
Standard  Ship  Shapes 

Two  conferences  of  importance  to  shipbuilders  and  steel 
makers  were  held  in  Philadelphia  recently.  At  the  first 
the  steel  makers  took  action  looking  to  modification  in 
rolls  to  produce  ship  channels  and  shipbuilding  bulb  angles. 
Later  the  steel  makers  and  representatives  of  the  Emer- 
gency   Fleet    Corporation    conferred    on    a   revision    of   the 


TABLE  I. 

Dimensions  in    Inches. 

Bulb   Angle   'Weights,    Approximate. 

EQUAL  LEG  ANGLES. 

Wt. 

Thickness,     per  ft.  Size.               Thickness. 

750                2S.7  314x31,4 625 

.6S75             26.5  .5625 

.625              24.2  .500 

.5625             21.0  .4375 

.500               19.6  .375 

.4375             17.2  .3125 

.375               14.9  .250 

..  .  .750       23. G  3   X  3 500 

.6875     21.8  .4375 

.625      20.0  .375 

.5625     18.1  .3125 

.500      16.2  .250 
.4375     U.:'. 

.375      12.3  21.4  x2^2 375 

.3125 

750      18.5  .250 

.6875     17.1 

.625      15.7  2   x2 250 

.5625     14.3  .1875 
.500      12.8 
.4375     11.3 
.375       9.S 


Wt. 
per  ft. 
13.6 
12.4 
11. 1 
9.8 


UNEQUAL   LEG   ANGLES. 

.750  22.4  4   X  3 500 

.6875  20.6                   .4375 

.625  1S.9                   .375 

.5625  17.1                   .3125 

.500  15.3 

.4375  13.5  3%x3 500 

.375  li.T          .                                      .4375 

.500  12.8  !3125 

.4375  11.3  .250 

.375  9.8 

.3125  8.2  3      x2% 375 

.3125 
.250 

BULB    ANGLES. 


Thickness  of 

Wt. 

Thickness 

of 

Wt. 

Size.             longer  leg. 

per  ft. 

Size.             longer  leg. 

pertt 

10x3V- T25 

35.2 

8x31/, 550 

23. i 

.675 

33.2 

.500 

.626 

31.1 

.450 

19.6 

.575 

29.1 

.400 

18.0 

.525 

26.9 

.475 

24.9 

7x3% .525 

.475 

20.0 
18.6 

9  x3W> 625 

28.6 

.425 

16.8 

.575 

26.6 

.375 

15.3 

.525 

24.S 

.475 

22.7 

6x3 475 

15.6 

.425 

20.9 

.425 

.375 
.350 

14.1 
12.S 
12.2 

SHIP  CHANNELS. 

Wt. 

Wt. 

Size.              Thickness. 

per  ft. 

.S'ze               Thicknes 

s. 

per  ft 

12x314 700 

40.8 

8x3% 525 

25.3 

.600 

36.8 

.425 

22.6 

.500 

32.7 

.375 

21.2 

..450 

30.6 

7x3% 500 

22.:. 

10x31/4 675 

34.8 

.400 

20.1 

31.4 

.350 

18.9 

.475 

28.0 

.425 

26.:! 

6x3% 475 

19.8 

.375 

24.6 

.375 
.325 

17.S 
16.8 

9x3% 650 

31.3 

.550 

2S.3 

6x  3% 350 

15. J 

.450 

25.2   , 

.400 

23.7   ' 

TEES. 

HATCH  ZEE   fTyzack). 

614x6% 450 

15-IN.    S 

914 500 

13.1? 

TRUCTUR.4L    CHANNELS. 

Thickness.            Wt 

.    per  ft. 

Thickness.           Wt. 

per  ft. 

.818 

.=;5 

.524 

40 

.720 

50 

.426 

35 

.622 

45 

.400 

33 

27 

shapes- 

-115  sections. 
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American  standard  practice  and  recommended  a  selected 
list  of  hlructural  .shapes  most  suitable  for  ship  construc- 
tion. Tfle  following  account  of  those  conferences  and 
the  action  taken  are  abstracted  from  the  Krnergency  Fleet 
News,  the  official  publi<ation  of  the  W  S.  Shipping  Board 
Emergency    Heet   I'orporation. 

On  July  -•  191".' representatives  of  the  companies  named 
met  in  Washington  with  representatives  of  plate  manu- 
facturers and  adopted  a  standard  practice  recommended 
by  American  steel  makers  and  subsequently  adopted  by 
the  Kli'i't  forporatiim  as  a  guide  to  the  shipyards  in  plac- 
ing orders  with  the  mills  for  ship  steel.  The  effect  of  the 
standard  practice  has  been  to  eliminate  minute  variations 
in  the  thickness  of  plates  ordered  from  the  mills  and  to 
simplify  the  transmission  of  orders  from  the  yards  to  the 
mills.  The  situation  has  Improved  so  greatly  as  compared 
with  previous  practice  that  the  plate  uiillii  have  been  able 
to  make  a  remarkable  production  record. 

At  the  time  that  the  standard  practice  was  adopted  no 
selected  list  of  strtictural  sections  was  prepared  and  it 
was  only  recommended  that  in  general  the  use  of  sections 
rolled  infrequently  be  eliminated  and  that  orders  be  con- 
fined so  far  as  possible  to  American  standard  beam  sec- 
tions. American  standard  structural  channels,  and  plain 
angles,  provided,  however,  that  ship  channels  and  bulb 
angles  might  be  rolled  if  required  on  shipbuilders'  sched- 
ules. The  limitation  in  the  use  of  ship  channels  and  bulb 
angles  was  due  to  the  lack  of  adequate  manufacturing  fa- 
cilities and  It  was  the  desire  of  the  steel  makers  to  make 
as  broad  as  possible  the  allocation  of  ship  steel  to  all 
makers. 

The  conferences  were  held  in  the  offices  of  the  Cambria 
Steel  Co..  with  George  E.  Dix.  assistant  to  the  Genera! 
Manager  of  Sales,  in  the  chair.  R.  B.  Woodworth.  adver- 
tising manager  and  Engineer  of  Carnegie  Steel  Co..  who 
had  been  instrumental  in  the  preparation  of  the  original 
standard  practice,  presented  suggestions  as  a  basis  of  dis- 
cussion for  the  modification  and  standardization  of  ship 
channels  and  bulb  angle  sections  and  for  the  revision  of 
the  American  standard  practice. 

It  was  decided  by  the  steel  makers  that  inasmuch  as  the 
British  standard  sections  of  ship  channels  and  shipbuild- 
ing bulb  angles  appeared  to  be  better  adapted  to  econom- 
ical manufacture  than  the  American  standards,  and  inas- 
much as  the  new  rolls  which  had  been  turned  in  recent 
years  to  produce  those  sections  conformed  in  general  to 
British  standards,  hereafter  American  standards  should  be 
discontinued  and  rolls  in  hand  not  to  British  standards 
should  be  redressed  at  as  early  a  date  as  possible  to  roll 
such  sections  as  closely  to  British  standards  as  slightly  di- 
vergent methods  of  production  would  allow:  particularly 
in  view  of  the  further  fact  that  the  adoption  of  British 
standard  sections  would  enable  American  mills  to  com- 
pete on  an  even  basis  for  ship  steel  wherever  utilized  in 
shipyards  either  at  home  or  overseas. 

Careful  consideration  was  thefh  given  to  a  selected  list 
of  structural  shapes  to  be  recommended  for  ship  construc- 
tion, together  with  those  modifications  in  the  standard 
practice  which  the  experience  of  16  months  Indicated  to 
be  desirable.  These  were  further  discussed  at  the  sec- 
ond conference  with  representatives  of  the  Emergency 
Fleet  Corporation,  and  it  was  further  recommended  to  the 
Emergency  Fleet  Corporation  that  as  soon  as  possible  a 
technical  order  be  issued  to  all  shipyards  to  put  these  rec- 
ommendations in  effect,  and  that  so  far  as  possible  orders 
for  structural  sections  to  be  used  In  ship  construction  be 
governed  by  the  recommended  list  appearing  in  Table  I. 

Sections  not  shown  in  this  list  may  be  included  on  ship- 
builders' schedules  with  the  proviso  that  they  be  specified 
only  when  they  can  be  ordered  In  lots  of  not  leas  than 
40,000  lin.  ft.  per  shape  at  one  time,  or  by  special  arrange- 
ment with  the  mills.  Orders  for  such  shapes  should  not 
be  divided  among  mills,  but  entire  quantity  of  each  shape 
should  be  placed  at  one  mill  with  the  express  stipulation 
that  that  mill  may,  at  Its  option  roll,  ship  and  invoice  all 
the  tonnage  at  one  time,  regardless  of  position  In  ship- 
yards and   fabrication  schedules. 


Methods  of  Strengthening^  Old 
Railway  Bridges* 

The  strengthening  of  light  bridges  may  be  either  a  mat- 
ter of  reinforcing  minor  details  which  are  found  to  limit 
the  carrying  capacity  of  the  bridge,  or  may  consist  of  heavy 
reinforcing  In  an  attempt  to  Increase  the  strength  of  the 
structure  throughout. 

The  minor  strengthening  can  usually  be  done  at  small 
expense  and  is  an  economical  method  of  getting  consid- 
erably greater  lives  out  of  bridges.  Heavy  reinforcing  may 
or  may  not  be  economical  as  it  involves  doing  work  In  the 
field  which  is  expensive,  while  the  maintenance  of  traffic 
during  the  lime  the  work  Is  in  progress,  which  Involves 
some  risk  to  traffic,  is  unusually  expensive.  On  very  large 
bridges  where  the  cost  of  replacing  amounts  to  a  very 
large  sum,  some  very  extensive  strengthening  operations 
have  been  carried  out  economically.  In  making  plans  for 
reinforcing  bridges,  it  is  usually  preferable  to  add  new 
material  to  the  structure  so  that  the  existing  structure  Is 
not  temporarily  weakened,  rather  than  to  remove  parts 
and  substitute  heavier  ones,  though  the  latter  must  some- 
limes  be  done. 

In  plate  girders  the  top  and  bottom  flanges  may  be 
sir'-nglhened  by  additional  cover  plates,  particularly  at 
I)oints  where  the  web  is  spliced  and  not  effective  for  car- 
rying its  proportion  of  the  bending  stress.  Where  there 
are  no  cover  plates  on  the  girders,  cover  plates  of  desired 
length  can  be  added.  Plate  girders  can  be  doubled  up  to 
make  deck  spans,  using  three  or  more  girders  per  span 
at  small  expense,  thereby  using  up  light  girders  and  pro- 
viding bridges  of  large  carrying  capacity.  Where  water- 
way or  other  undercrossing  condition?  permit,  timber  bents 
(an  be  placed  under  spans  to  strengchen  them. 

Where  the  rivets  in  the  flanges  of  girders  show  low- 
classification,  larger  rivets  can  be  substituted,  or,  where 
the  rivet  spacing  permits,  additional  rivets  can  be  driven. 
Where  the  web  plates  give  a  low  classification,  additional 
stiffeners  can  be  placed  in  the  panels  near  the  ends  of 
the  girders  to  give  additional  support  to  the  web.  Shelf 
angles  can  be  strengthened  by  short  vertical  stiffeners  be- 
neath them.  Where  web  splices  with  low^  classification  oc- 
<  ur.  these  can  be  replaced  with  wider  splice  plates  with 
additional  rows  of  rivets  in  the  splice. 

In  through  bridges  the  stringers  can  be  reinforced  by 
additional  riveting,  by  the  placing  o!"  additional  stringers 
cMther  timber  or  steel,  and  by  shifting  existing  stringers 
to  secure  belter  distribution  of  the  load.  Where  stringers 
are  spaced  so  that  some  stringers  do  not  carry  their  full 
proportion  of  load,  it  is  possible  to  introduce  cross  bracing 
so  tliat  all  the  stringers  in  the  panel  act  together  to  carry 
the  load. 

Floor  beams  can  be  reinforced  by  cover  plates  or  angles 
;idded  to  the  flanges  by  additional  riveting,  or  by  shifting 
the  stringers  toward  the  trusses  to  reduce  the  bending  In 
the  floor  beams.  In  very  old  bridges,  floor  beams  are  fre- 
quently of  much  lower  classification  than  the  remainder 
of  the  bridge  and  can  sometimes  be  replaced  with  entirely 
new  floor  beams  :n  a  reasonable  expense  so  as  to  get  ad- 
ditional life  out  of  the  remainder  of  the  structure. 

In  trusses  the  diagonals  and  counters  can  usually  be  re- 
inforced with  additional  bars  or  rods  with  loops  over  tha 
truss  pins  nnd  connected  by  turnbuckles  to  provide  ad- 
justment. Similarly,  bottom  chords  of  eye-bars  can  be  re- 
inforced with  additional  bars  with  yokes  bearing  on  the 
heads  of  the  original  eye-bars. 

End  posts  of  through  bridges,  having  low  classiflcatlon 
due  to  eccentricity  can  be  strengthened  by  placing  angles 
or  plates  on  the  sides  of  the  members,  so  as  to  reduce  the 
eccentricity. 

Where  plus  have  low  classlflcatlon.  It  is  sometimes  possi- 
ble to  move  the  members  on  the  pin  to  reduce  the  bend- 
ing. In  some  cares,  diaphrams  placed  Inside  of  built-up 
numbers  will  relieve  bending  on  the  pin.  The  pins  them- 
selves can  be  strengthened  by  replacing  with  high  carbon 

•From  !»  paper  by  C  F.  Ix)WMh.  Chief  Enelnecr.  C,  M.  & 
St.  Paul  Uy.,  presented  at  the  Inst  nnnuni  convention  of  th« 
.\mprlrnn   Railway  BridKO  nnd   Bulldlni;  Association. 
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or  special  alloy  steel  pins  of  the  s:,nie  si/e,  or  it  addi- 
tional strength  is  required,  by  borini;  cut  the  pin  holes  and 
putting  in  larger  pins. 

The  cost  of  strengthenirg  bridges  varies  with  the  size 
of  the  job.  the  amount  of  staging  required,  the  amount  of 
shifting:  of  members  required  to  reach  different  portions 
of  the  work,  the  size  of  the  crew  available,  the  distance 
traveled  by  the  crew,  the  tools  available,  etc.  In  a  general 
way,  it  has  been  found  that  the  cutting  out  and  replacing 
of  rivets  on  ordinary  strengthening  jobs  costs  from  20 
cents  to  75  cents  each  and  drilling  and  driving  new  rivets 
50  cents  to  .$1  each;  that  is.  the  cost  of  such  work  will  be 
given  by  the  total  number  ot  rivets  driven  at  these  unit 
prices,  plus  the  cost  of  additional  material  required. 

With  the  maintenance  of  old  and  light  capacity  bridges. 
the  question  continually  arises  whether  it  is  more  econom- 
ical to  strengthen  the  structure  or  renew  it.  As  a  general 
proposition  it  would  be  permissible  to  spend  each  year  for 
strengthening  an  amount  equal  to  the  interest  on  the  in- 
vestment in  a  new  bridge,  less  the  cost  of  the  additional 
maintenance  required  by  the  old  bridge  on  account  of 
the  greater  attention  it  receives. 


Air  Tool  Devices 

Three  convenient  air  tool  devices  developed  by  Mr.  W. 
A.  Mason,  foreman  air  tool  repair  shop.  Wyandotte  plant 
of  the  American  Shipbuilding  Co.,  Detroit,  Mich.,  are  de- 
scribed in  a  recent  issue  of  the  Emergency  Fleet  News.  The 
devices  are  as  fo'Iows: 

Repairing  Vise  for  Air  Drills. — Figures  1.  2  and  3  show 
a  special  vise  or  holder  for  air  drills  while  repairs  are  be- 
ing made. 

•  It  consists  mainly  of  a  round  vertical  standard  or  shaft 
with  attached  base  plate  for  bolting  to  the  work  bench, 
and  a  double  clamping  block  or  head  mounted  on  the 
standard  and  carrying  a  horizontal  bearing  sleeve.  A 
shouldered  mandrel  is  held  in  the  sleeve  and  provided  with 
a  threaded  split  collar  on  the  end  opposite  the  shoulder  to 
prevent  end  play  and  to  give  any  desired  rotary  tension. 
The  opposite  end  of  the  mandrel  is  fitted  with  a  threaded 
stud  which  is  to  be  screwed  into  the  dead  handle  side  of  the 
air  drill. 

The  universal  features  of  the  vise  with  clamping  ar- 
rangements for  all  adjustments  makes  it  easy  to  hold  the 
air  drill  in  any  position  desired  and  to  make  changes  from 
one  position  to  another  with  the  least  possible  loss  of 
time. 


'W' 


Air  Drill  Socket  Extractor. — Figure  4  illustrates  a  very 
simple  method  of  removing  a  taper  shank  drill  socket  from 
certain  classes  of  air  drills  which  are  not  provided  with 
a  more  convenient  extracting  arrangement. 

A  hardened  tool  steel  sleeve  constitutes  the  special  de- 
vice used  for  this  purpose,  and  is  made  large  enough  to  slip 
loosely  over  the  protection  nut  of  the  drill  spindle  so  that 
it  can  rest  on  shoulder  against  the  face  of  the  packing  nut. 


The  length  of  the  sleeve  is  such  as  to  partially  overlap 
the  drift  key  slot  in  the  drill  socket. 

A  key  driven  into  the  slot  and  bearing  against  the  sleeve 
will  force  the  socket  out  of  the  drill  spindle. 

Air  Drill  Valve  Extractor. — Figure  5  shows  a  device  for 
extracting  valves  from  air  drills,  it  being  made  of  No.  11 
B.  &  S.  Gauge  spring  steel  wire. 

When  used  the  bent  points  or  hooks  are  inserted  into 
the  main  parts  of  the  valve  and  a  piston  or  drift  plug  is 


inserted  from  the  opposite  end  until  it  rests  against  the 
Ueels  of  the  hooks  which  are  as  driving  lugs  for  the  re- 
moval of  the  piston  by  tapping  lightly  on  the  plug. 

This  obviates  damage  to  valve  and  block  resulting  from 
the  usual  practice  of  using  cold  chisel  against  the  valve 
for  its  removal. 


Considerations  in  Selection  of 
Paint 

In  a  paper  presented  at  the  recent  convention  of  the 
Maintenance  of  Way  Master  Painters'  Association  Mr.  G. 
W.  Thompson,  chief  chemist  National  Lead  Co..  pointed  out 
that  paint  specifications  for  railroad  stations  have  been 
complicated  and  bewildering.  He  urged  a  simplification  of 
formulae  and  simplifications  of  color  schemes.  This  lack 
of  simplicity  was  due,  in  his  opinion,  to  a  failure  to  appre- 
ciate some  of  the  simpler  points  of  paint  designing.  Some 
ot  these  points  were  outlined  as  follows: 

Take  the  question  of  the  durability  of  paint.  As  paint  is 
made  of  vehicle  and  pigment,  the  question  we  should  ask 
is  to  what  extent  is  the  durability  of  paint  dependent  upon 
the  pigment  or  upon  the  vehicle,  or  both.  It  is  obvious  that 
pigment  alone  will  not  protect.  It  is  equally  obvious  that 
oil  alone  will  not  protect,  and  yet  it  is  perfectly  true 
that  pigment  does  not  decay  appreciably  and  that  paint 
decay  is  due  to  the  destruction  of  the  oil  present.  These 
facts  have  led  to  two  different  conclusions.  One  is  that  as 
it  is  the  oil  that  decays,  the  more  oil  in  a  paint  the  longer 
it  will  last.  The  other  is  that  inasmuch  as  it  is  the  oil  that 
decays,  durability  is  obtained  by  the  protective  action  of 
the  pigment. 

There  is  a  popular  demand  for  high  gloss  finishing  paints. 
I  think  tills  is  a  mistake.  Very  few  paints  having  a  high 
gloss,  except  enamel  paints,  will  retain  that  gloss  satisfac- 
torily for  more  than  a  year.  High  gloss  is  generally  ob- 
tained by  an  excess  of  oil,  and  my  experience  has  shown 
that  a  high  gloss  paint  at  the  end  of  one  year  will  as  a 
rule  have  much  less  gloss  than  a  plant  which  had  a  semi- 
gloss  at   the  beginning. 

I  would  also  direct  your  attention  to  the  question  of  color 
and  color  schemes.  You  compare  two  paints  and  you  see 
a  difference.  Is  the  difference  trivial  or  is  it  a  substantial 
one?  Placed  side  by  side  the  difference  appears  to  be  great. 
Separate  the  two  paints  a  short  distance  from  each  other 
and  you  may  not  be  able  to  see  the  difference.    Apply  these 
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two  puints  to  two  differem  buildings  and  they  may  give 
equally  .satisfactory  resuUs  Insofar  as  the  color  effect  Is 
concerned.  In  Judging  of  colors  there  ought  to  be  some 
means  of  comparing  them  that  will  allow  for  considerable 
iliffert-nces  so  lon^;  as  those  differences  do  not  substantially 
affect  their  practical  u.se. 

One  other  fundamental  proposition  should  be  considered 
In  designing  paint.  All  paints  intended  for  decoration 
rhould  be  of  colors  that  have  no  Jarring  effect  upon  the  eye. 
-All  paints  when  applied,  to  get  the  best  artistic  results, 
should  blend  In  harmony  with  all  other  colors  which  may 
come  to  the  eye  from  the  same  general  source.  What  I 
have  had  to  say  with  regard  to  color  may  be  sunimarzled 
this  way:  Look  only  for  substantial  differences  In  color. 
Do  not  select  colors  that  Jar  with  each  other,  and  do  not 
demand  pure  whites  except  for  line  effects,  but  always  have 
them  tinted  to  harmonize  with  color  environment. 


The  Corrosion  of  Iron  and  Steel, 

with  Special  Reference   to 

Reinforced  Concrete* 

In  an  article  in  The  Architect  and  Engineer,  Dr.  J  New- 
•on  Friend,  describes  the  causes  of  rusting  of  Iron  and 
stet-1  and  suggests  methods  for  preventing  the  corrosion 
of  the  reinforcing  metal  In  concrete.  Extracts  from  this 
article  follow. 

According  to  Bauerniann,  when  iron  rusts  it  expand-- 
to  some  10  times  its  original  volume.  This  may  possibly 
be  somewhat  of  an  exaggeration,  but  the  fact  remains  that 
ver.\    appreciable  expansion  does  take  place  on  rusting,  a 


at  18  C.  (64'  F.)  and  above,  all  dilutions  of  sea  water  are 
less  corrosive  than  tap  water,  whilst  at  lower  temperatures 
they   are  more  corrosive. 

Figure  2,  showing  the  relative  corrosive  action  of  sea 
water  at  various  temperatures,  is  very  interesting.  At 
11'  (".  sea  water  is  considerably  more  corrosive  than  lap 
water.  At  13'  C.  the  two  waters  act  similarly,  whilst  at  all 
higher  temperatures  sea  water  Is  less  corrosive  than  tap 
water.* 

Means  of  Preventing  (Corrosion  of  Iron.— The  preserva- 
tion of  iron  In  concrete  may  be  effected  In  one  or  more 
of  three  ways,  namely: 

1.  By  complete  exclusion  of  air. 

2.  By   complete   exclusion   of  water. 

:!.  By  rendering  the  concrete  sufficiently  alkaline  to 
place  it   within  the  inhibiting  area. 

If  the  engineer  can  make  his  concrete  conform  perfectly 
to  any  one  of  these  conditions  he  has  achieved  bU  object, 
for  the  reinforcing  metal  will  not  rust.  Unfortunately,  In 
practice,  materials  cannot  be  relied  upon  to  yield  perfect 
results  and  the  engineer's  best  policy  is  to  conform  as 
nearly  as  Is  reasonably  possible  with  all  threo  conditiOBs. 
In  this  way  he  may  hope  so  to  reduce  the  tendency  to  cor- 
rode as  to  render  it  negligibly  small  within  finite  time. 

The  following  considerations  suggest  themselves  u 
worthy   of  careful   study: 

1.  None  01  the  concrete  materials  should  be  too  coarse, 
otherwise  thorough  mixing  and  good  contact  between  the 
different  ingredients  will  not  be  as  perfect  as  is  de»irable. 

2.  It  is  essential  to  press  or  run  the  mixtnre  well  into 
position  in  order  to  eliminate  voids  in  so  far  as  bk  posBl- 
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property  that  is  made  use  of  by  the  plumber  in  his  rust 
Joints.  This  expansion  Is,  to  the  worker  in  ferro-concrete. 
a  serious  problem.  If  the  metal  once  begins  to  rust  a 
cracking  of  the  concrete  Is  inevitable;  more  air  and  water 
enter  so  that  corrosion  now  proceeds  apace,  and  the  struc- 
ture  becomes   proportionately   weakened. 

The  influence  of  aqueous  solutions  of  inorganic  salts 
upon  the  corrosion  of  iron  depends  upon  a  variety  of  fac- 
tors such  as.  for  example,  the  chemical  nature  of  the  salt. 
Its  concentration   and   the   temperature   of  the   solution. 

At  ordinary  temperatures  a  very  dilute  solution  of  sodium 
carbonate  Is  considerably  more  corrosive  than  tap  water. 
But  If  the  concentration  be  increased  to  0.25  per  cent  and 
above,  the  metal  is  entirely  protected  from  rusting.  Simi- 
larly, a  3  per  cent  solution  of  common  salt  at  about  10^  C. 
Is  much  more  corrosive  than  tap  water  at  the  same  tem- 
perature, but  as  the  temperature  rises  the  relative  corro- 
slvity  falls,  so  much  so  that  at  21=  C.  the  solution  Is  ap- 
preciably less  corrosive  than  tap  water.  Since  sea  water 
contains  some  3  per  cent  of  sodium  chloride  It  Is  of  in- 
terest to  inquire  into  the  effect  upon  its  corrosive  powers 
of  diluting  It  with  river  water,  for  this  occurs  In  nature 
at  the  mo\iths  of  many  rivers  and  has  to  be  reckoned  with 
by  the  engineer. 

This  Is  well  Illustrated  by  Fig.  1.  The  broken  line  rep- 
resents the  loss  In  weight,  due  to  corrosion,  of  Iron  in  tap 
water.  This,  for  the  sake  of  simplicity,  la  taken  as  !00 
for    each    temperature    studied.      It    will    be    observed    that 
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ble.     It  is  obvious  that  voids  tend  to  Increase  permeability 
to  water  and  air  and  are  in  consequence  highly  dangerous. 

3.  A  sufficient  thickness  of  concrete  should  be  applied 
to  the  metal.  If  too  thin  the  concrete  may  not  be  suffl- 
( iently  imprevlous  or  It  may  crack  mechanically  and  thus 
admit  air  and  water  to  the  metal. 

4.  Stray  electric  currents  must  be  avoided.  If  the  metal 
should  become  anodic,  rusting  would  take  place  in  conse- 
quence of  the  liberation  of  oxygen,  and  this,  leading  to 
cracking,  would  rapidly  destroy  the  cement. 

5.  Substances  likely  to  conuln  adds  or  acid  producing 
bodies  should  be  avoided.  Coke  breeze  and  slags  are  cases 
in  point,  as  they  frequently  contain  injurious  sulphur  com- 
pounds. 

6.  The  concrete  may  be  advantageously  coated  with  some 
waterproofing  material  to  render  it  still  more  impervious, 
provided  such  proofing  is  entirely  free  from  add  or  acid- 
producing  substances. 


'  Concrete  Shipbuilding  at  Christiansand.— The  Sorlandske 
Stiialhelon  Sklbsbyggerl  A.  S.  at  Vanse.  near  Farsund,  in 
the  fhristlansand  district,  according  to  a  report  of  the  V. 
S.  Consul  at  Christiansand.  has  launched  Its  first  concrete 
boat,  a  2'<0-ton  lighter,  and  has  on  its  docks  a  second  vessel 
of  similar  dimensions  ready  to  be  launched  The  company  has 
also  under  construction  a  Canton  vessel,  which  will  be 
equipped  with  a  320  H.P.  Bollnder  engine,  and  a  l.OOOton 
vessel,  to  be  equipped  with  a  360  H.P.  Diesel  motor. 
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Essentials  of  Industrial  Housing  Standards 
of  Federal  Government 

The  important  features  of  the  standards  recommended 
for  permanent  housing  developments  by  the  U.  S.  Bureau 
of  Industrial  Housing  and  Transportation  were  summarized 
as  follows  by  Mr.  John  Nolen,  Town  and  City  Planner,  in 
an  address  delivered  Nov.  2d  at  the  7th  National  Confer- 
ence on  Housing: 

The  House  Itself:  The  most  important  features  in  de- 
termining the  character  of  the  house  itself  are: 

Row  or  group  houses  are  not.  to  be  more  than  two  rooms 
deep. 

Cross  ventilation  as  direct  as  possible  is  to  be  provided 
for  all  rooms. 

No  living  quarters  are  to  be  in  basements. 

A  minimum  clear  space  of  8  in.  is  to  be  provided  between 
the  ceiling  and  the  roof,  with  adequate  ventilation. 

Five-room  houses  are  to  be  preferred  for  higher  paid 
workers,  and  four-room  houses  for  lower  paid  workers. 

Every  house  is  to  have  one  large  bedroom  and  a  parlor 
or  living  room  from  10  xl2  feet  to  12  x  14  feet  in  size. 

Town  Planning. — In  the  town  planning  features  the  reg- 
ulations  of  most  far  reaching   effect   are: 

Side  yard  space  between  adjacent  buildings  is  to  be 
preferably  20  ft.,  with  a  minimum  of  16  ft. 

The  group  house  should  be  used  wherever  lot  sizes  or 
land  values  make  it  difficult  or  impossible  to  provide  ade- 
quate size  yard  space. 

Rear  yard  depth  is  to  be  not  less  than  the  height  of 
building,  nor  in  any  case  less  than  20  ft.,  and  the  minimum 
distance  between  the  backs  of  houses  at  least  50  ft. 

Front  yards  or  setbacks  are  desirable  where  practicable, 
and  the  minimum  distance  from  the  front  of  the  house  to 
Ihe  front  of  the  opposite  house  is  to  be  50  ft. 

Private  alleys  will  not  be  accepted,  but  this  access  to 
the  rear  of  houses  may  be  made  through  minor  public 
streets,  such  streets  to  be  not  less  than  12  ft.  wide,  and 
to  be  properly  paved,  curbed,  drained  and  lighted. 

The  tenement  and  apartment  house  is  to  be  considered 
afi  undesirable  house  type,  and  accepted  only  in  places 
where  other  types  are  not  practicable.  • 


Rigidity  of  Riveted  Joints  of  Steel 
Structures 

In  analyzing  the  stresses  in  a  rectangular  frame,  it  is 
customary  to  assume  that  the  connections  are  rigid.  If  the 
connections  are  not  perfectly  rigid,  it  is  evident  that  the 
actual  stress  may  not  be  equal  to  the  computed  stress. 
Tests  to  determine  whether  serious  error  Is  introduced  into 
computations  for  stresses  in  steel  frames  by  the  assump- 
tion that  the  joints  are  perfectly  rigid  have  been  completed 
by  the  Engineering  Experiment  Station  of  the  University 
of  Illinois  under  the  direction  of  Wilbur  M.  Wilson,  Assist- 
ant Professor  of  Civil  Engineering,  and  Herbert  F.  Moore, 
Research  Professor  of  Engineering  Materials.  The  test 
pieces  used  were  connections  which  are  types  common  in 
engineering  structures  and  which  resist  loads  and  moments 
by  methods  fundamentally  different.  The  connections  were 
tested  in  pairs  in  a  300,000-lb.  Olsen  four-screw  testing  ma- 
chine. Results  of  the  tests  are  given  in  detail  in  Bulletin 
104  entitled,- "Tests  to  Determine  the  Rigidity  of  Riveted 
Joints  of  Steel  Structures."  Copies  of  the  Bulletin  may  be 
obtained  without  charge  by  addressing  the  Engineering  Ex- 
periment  Station.   Urbana,   111. 


Personals 

E.  P.  Bridges,'  for  the  past  6  years  clerk  and  treasurer  of 
'liiffin,  Ga.,  has  been  appointed  city  manager. 

W.  C.  Marion  has  been  appointed  county  engineer  of  Takima 
County,  Washington,  succeeding  Lieut.  O.  E.  Brashears,  now  at 
Washington,  D.  C. 

William  F.  Schepflin,  consulting  engineer  for  the  Modern  Con- 
struction Co.  of  Fremont.  C.  lias  been  appointed  county  surveyor, 
succeeding  the   late  Earl  M.    Millious. 

Miles  Standish,  of  San  Francisco,  has  been  appointed  a  mem- 
ber of  the  California  State  Board  of  Harbor  Commissioners.  He 
succeeds  John  H.  McCallum,  the  latter  becoming  president,  vice 
Arthur  Arlett,  resigned. 


IVlark  D.  Fejnknopp,  who  has  been  at  the  officers'  training 
camp  at  Fort  Monroe,  Va.,  has  resumed  his  duties  as  general 
manager  of  the  Federal  Construction  Co.,  Columbus.  O. 

La  Verrie  J.  Ruddock,  recently  stationed  at  Camp  Humphreys 
Va.,  received  a  discharge  as  captain  of  engineers  U.  S  Army' 
Dec.  0,  and  has  been  appointed  city  engineer  of  Wheaton,  111. 

Albro  Gardner,  Albro  Gardner,  Jr.,  and  A.  H  Fischer  have 
organized  under  the  firm  name  of  Gardner,  Gardner  &  Fischer 
and  have  opened  offices  at  411  Lyon  Bldg.,  Seattle,  Wash.  whei'» 
they  will  engage  in  engineering  practice.  ' 

Arnold  W.  Brunner,  of  New  York,  city  planner,  and  president 
or  the  Fine  Arts  Federation  of  Xew  York,  has  been  appointed 
chairman  of  a  committee  of  artists  and  architects  to  draft  a 
bill  for  the  next  session  of  the  New  York  legislature  which 
would  create  a  state  art  commission  to  aid  municipalities  and 
localities  in  the  selection  of  proper  war  memorials. 

F.  L.  Hinman  has  been  appointed  mechanical  engineer  of  The 
Sheffield  Co.,  of  Shedield,  Ala.  This  company,  which  is  under 
the  management  of  The  J.  G.  White  Management  Corporation 
New  York  City,  furnishes  street  railway  transportation,  electric 
light  and  power,  and  water  service  in  Sheffield,  Tuscumbia  and 
Florence,  Ala.  For  a  number  of  years  Mr.  Hinman  was  master 
mechanic  of  the  New  York  State  Hailwavs,  Syracuse  lines  He 
left  the  employ  of  that  company  in  the  early  part  of  this  year,  to 
become  associated  with  the  United  States  Ordnance  Department 
with  headquarters  at  Watei-vliet  arsenal,  Wateiwliet,  N.  Y.,  iri 
which  service  he  was  engaged  up  to  the  time  of  his  present 
appointment. 


Obituaries 


A.  R.  W.  Speiry,  for  the  past  2  years  chief  engineer  of  the 
Anderson-Cottonwood  Irrigation  District,  Anderson,  Cal.,  died 
Dec.  6,  aged  29. 

Benjamin  Palmer  Carter,  tor  the  past  20  years  consulting  en- 
gineer and  general  manager  of  the  Robertson  Deep  Mine  in  the 
Rand  section  of  South  Africa,  died  Dec,  i.  aged  46.  He  was 
educated  at  Tulane  University  and  finished  as  an  engineer  in  the 
Columbia  School  of  Mines  in  New  York. 

T.  M.  Chapman,  superintendent  of  Fire  Prevention,  Central  of 
Georgia  R.  R.,  Savannah,  Ga.,  died  on  Dec.  4th  of  pneumonia 
following  influenza.  He  was  45  years  of  age  and  was  born  at 
Oberlin,  O.  Almost  all  of  his  engineering  experience  was  on  rail- 
road maintenance  and  consti-uction.  At  the  time  of  his  death 
he  was  a  member  of  the  National  Board  of  Directors  of  the 
AiTierican  Association  of  Engineers  and  president  of  the  Savannah 
Chapter  of  that  Association. 

L.  H.  Weideman,  vice-president  of  the  Waterloo  Cement  Ma- 
chinery Corp.,  Waterloo,  la.,  died  Dec.  15  at  the  American  Hos- 
pital, Chicago,  of  lobar  pneumonia.  Mr.  Weideman  went  to  Chi- 
cago a  week  ago  on  business  and  was  taken  ill  while  at  the  La 
Salle  Hotel  and  removed  to  the  hospital.  He  had  been  as- 
sociated with  the  Waterloo  Cement  Machinery  Corporation  since 
its  organization  in  1909.  Starting  with  that  institution  as  a 
bookkeeper,  he  had  advanced  to  the  position  of  general  sales 
manager. 

Leo  H.  Robbins,  general  manager  of  the  Dunn-McCarthy  Co.. 
Chicago,  died  Dec.  16,  aged  38.  Mr.  Robbins  started  in  the  con- 
struction field  as  a  water  boy  and  worked  his  way  up  to  tore- 
man.  Later,  in  his  18th  year,  he  became  superintendent  and 
was  known  as  the  "boy  superintendent."  He  came  to  the  Dunn- 
McCarthy  I'D.  eii;lit  \c.ar.-!  ago  and  became  their  general  manager 
and  w:is  consideiid  li,\  them  to  be  the  best  all-around  man  ia 
the  construction  lield.  He  had  charge  of  the  construction  of  the 
Pennsylvania  Railroad  from  Ben  Davis  to  Frankfort,  Ind.,  and  the 
difterent  chief  engineers  of  railroads  spoke  very  highly  of  him. 


Trade  Publications 

A.  S.  Cameron  Steam  Pump  Works,  11  Broadway,  New  York. 
has  issued  a  12-page  bulletin  on  pumps  for  Marine  Service.  The 
bulletin  shows  sectional  and  complete  views,  as  well  as  descrip- 
tion and  tables. 

The  Milliken  Brothers  Mfg.  Co.,  Inc.,  Woolworth  Bldg.,  New 
York,  has  just  published  a  new  illustrated  book  entitled  "Space 
and  Speed  in  Steel  Buildings,"  giving  a  description  of  the 
■'Standardized  Truss  Unit  System"  of  building  construction,  de- 
signed and  manufactured  by  the  company.  The  book  shows  a 
number  of  interesting,  half-tones,  illustrating  different  buildings 
of  this  type  constructed  for  the  United  States  Government. 
Copies  may  be  obtained  free  from  the  company  by  those  in- 
terested. 


Industrial  Notes 

H.  W.  Clarke,  who  until  Dec.  15  has  been  connected  with  the 
advertising  service  department  of  the  McGraw-Hill  Company  at 
Chicago,  has  been  appointed  manager  of  advertising  for  the  Chi- 
cago Pneumatic  Tool  Co.,  Chicago,  III.  Mr.  Clarke  has  been 
identified  with  the  engineering  advertising  field  tor  several  years. 
Prior  to  his  connection  with  the  McGraw-Hill  publications  ne 
spent  eisht  years  with  the  Westinghouse  Electric  &  Mfg.  Co.. 
East  Pittsburgh,  Pa.,  part  of  the  time  as  a  member  of  the  sales 
and  publicitv  departments  and  later  as  western  publicity  repre- 
sentative with  headquarters  at  Chicago. 
■  The  Milwaukee  Corrugating  Co.,  manufacturers  of  sheet  metal 
products  Milwaukee.  Wis.,  presented  all  its  salaried  employees 
who  had  been  in  the  service  of  the  company  at  least  one  year 
with  one  month's  salary  as  a  bonus.  Employees  who  had  Ijeen 
with  the  company  less  than  one  year  received  a  pro  rata  on  their 
month's  salaries. 
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